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PART    XYI. 

REGIONAL   SURGERY. 

(Continued.) 


SURGICAL  DISEASES  AND  WOUNDS  OF  THE 
PELVIC   AND   GLUTEAL  REGIONS. 

By   CHARLES  H.  PECK,   M.D.,  New  York  City. 


As  fractures  and  dislocations  of  the  pelvic  bones,  injuries  and  diseases  involv- 
ing the  pelvic  viscera,  and  gunshot  wounds  are  fully  treated  in  other  articles,  the 
present  description  will  include  only  such  injuries  and  surgical  diseases  as  are 
peculiar  to  this  region. 

Deformities  of  the  Bony  Pelvis.— Pelvic  deformities  may  be  congenital,  or 
acquired  as  a  result  of  injuries  or  diseases — e.g.,  fractures,  dislocations,  inflam- 
mations of  bones  or  joints,  osteomalacia,  echinococci,  tumors,  etc. 

Among  the  numerous  types  of  deformity  recognized,  the  following  may  be 
briefly  enumerated : — 

Variations  in  Type  of  Purely  Obstetrical  Interest. — These  are:  the  simple  flat 
pelvis,  with  conjugate  diameters  all  shortened;  the  rachitic  flat  pelvis,  with 
shortened  conjugate,  increased  trans- 
verse diameter  and  jutting  promontory; 
the  obliquely  narrowed  rachitic  pelvis 
due  to  scoliosis;  the  infantile  type  of 
pelvis;  the  masculine  type  of  pelvis  in 
the  female;  the  justo-minor  and  dwarf 
types  of  pelvis;  and  the  pelvis  with 
abnormal  inclination,  either  too  great  or 
too  little,  causing  dystocia. 

In  addition,  one  recognizes  the  fol- 
lowing kinds  of  pelvis : — 

Spondylolisthetic  pelvis,  in  which  the 
lower  lumbar  vertebrae  project  forward 
into  the  inlet  of  the  pelvis.  This  form 
is  usually  congenital,  but  may  follow 
injurj^  or  (when  rachitis  is  present  at 
the  same  time)  overloading. 

Kyphotic  pelvis — a  funnel-shaped  pelvis  approaching  the  infantile  type,  and 
associated  with  kyphosis. 

Osteomalacic  pelvis — a  form  of  pelvis  which  is  caused  by  the  weight  of  the 
superimposed  body  in  combination  with  the  counter-pressure  of  the  limbs. 
The  distortion  is  often  extreme  and  the  deformity  complex. 

Transversely  Narroired  Ankylotic  Pelvis.  (Roberts.) — This  form  of  pelvis  is 
due  to  bilateral  ankylosis  of  the  sacro-iliac  joints  and  defective  development  of 
the  upper  part  of  the  saciimi.     (Fig.  1.)     All  transverse  diameters  are  greatly 
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Fig.  1.  —  Bilateral  Ankjdosis  of  Sacro-Iliac 
Synchondroses,  with  transverse  narrowing  of 
the  pelvis — so-called  "Roberts  pelvis."  (From 
Waldeyer's   "Das   Becken.") 
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narrowed,  and  the  sacrum  is  abnormally  deep  and  shows  convex  instead  of  con- 
cave transverse  diameter. 

Obliquely  narroived  pelvissi  form  of  jjelvis  which  is  due  to  defective  develop- 
ment of  one  wing  of  the  sacrum  or  to  unilateral  ankylosis,  either  congenital  or 
secondary  to  sacro-iliac  disease.  (Fig.  2.)  The  true  conjugate  diameter  is 
longer,  but  all  other  diameters,  and  especially  that  of  the  exit,  are  shorter. 
Scoliosis  of  the  spine  is  usually  present  as  an  effect  of  the  j^ielvic  deformity. 

Coxalgic  pelvis — a  form  of  pelvis  which  is  due  chiefly  to  tuberculous  coxitis. 
(Fig.  3.)  The  pelvic  half  of  the  affected  side  becomes  atrophied  and  is  more  in- 
clined than  its  fellow.     The  condition  produced  is  much  like  the  preceding. 


Fig.  2. 


Fig.  3. 


Fig.  2. — Obliquely  Contracted  Pelvis  from  Arrested  Development  Affecting  the  Left  Half  of  the 
Pelvis,  with  Ankylosis  of  the  Left  Sacro-Iliac  Synchondrosis.      (From  Waldeyer's  "Das  Becken.") 

Fig.  3. — Coxalgic  Pelvis ;  Defective  Development  of  Left  Half  of  Pelvis,  associated  with  Tuber- 
culous Coxitis.      (Tillmanns.) 


Split  pelvis — a  deformity  which  is  due  to  congenital  absence  of  the  symphy- 
sis or  to  diastasis  of  the  same.  In  high  degrees  the  deformity  may  be  associated 
with  ectopia  vesicae.     In  some  cases  the  pelvis  is  otherwise  normal. 

Double  Promontory. — ^This  abnormal  condition  is  commoner  in  the  male  than 
in  the  female.  The  second  promontory  is  located  between  the  first  and  second 
sacral  joints,  below  the  true  promontory.  The  deformity  is  of  obstetrical 
interest. 

Acute  Osteomyelitis  and  Periostitis  of  the  Pelvic  Bones. — Acute  osteomyeli- 
tis and  acute  periostitis  of  the  bones  of  the  pelvis  are  of  comparatively  infrequent 
occurrence.  They  occur  especially  in  adolescents,  generally  in  the  second  decade, 
occasionally  in  younger  children,  and  rarely  after  the  age  of  twenty-five  years. 
The  parts  most  commonly  involved  are  the  epiphyses,  where  spongy  bone  tissue 
is  most  abundant,  the  region  of  the  acetabulum,  the  sacro-iliac  synchondroses, 
the  spines  or  the  crest  of  the  ilium,  the  lateral  masses  of  the  sacrum,  etc.  Of  these, 
the  ilium  is  most  frequently  affected,  the  sacrum  less  commonly,  and  the  pubic 
arch  or  the  ischium  very  rarely. 
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The  dis('us(>  iiiiiy  \)c  pi'hiiuiy  in  the  pelvic  ])oik.\s,  or  it  may  be  associated  with 
osteomyeHtis  of  other  bones  of  the  body;  the  foci  may  be  single  or  multiple. 
Not  infrequently  the  source  of  infection  may  be  traced  to  a  suppurative  focus 
in  some  oth(>r  part  of  the  body,  or  to  some  infectious  disease — as,  for  example,  a 
furuncle  or  an  abscess  of  the  soft  parts,  one  of  the  exanthemata,  typhoid  fever, 
a  severe  cold,  etc. ;  or  it  may  be  one  of  the  manifestations  of  a  general  septicaemia 
or  pya:>mia.  A  preceding  trauma  may  be  of  etiological  significance.  The  in- 
fecting organism  is  most  frequently  the  Staphylococcus  pyogenes  aureus,  less 
fr{Hiu(>ntly  some  other  form  of  the  Staphylococcus  (albus  or  citrous)  or  the  Strep- 
tococcus pyogenes.  Rarely,  the  typhoid  bacillus  is  responsible  for  the  process, 
and,  still  kv'^s  frecjuently,  some  other  organism — as,  e.g.,  the  Bacillus  pyocyaneus, 
the  B.  pyogenes  fa^tidus,  the  B.  coli  communis,  etc. 

The  local  and  constitutional  effects  vary  greatly  according  to  the  type  and 
virulence  of  the  infecting  organism  and  the  power  of  resistance  of  the  patient, 
as  happens  in  osteomyelitis  in  other  parts  of  the  body.  The  staphylococci 
produce  the  greatest  amount  of  local  suppuration  and  necrosis,  the  streptococcus 
the  more  severe  and  fatal  constitutional  symptoms,  and  the  typhoid  bacillus  the 
chronic,  slow-forming  abscesses  or  inflammatory  areas. 

Pathology. — The  pathological  changes  in  acute  osteomyelitis  of  the  pelvic 
bones  are  exactly  the  same  as  those  which  occur  in  osteomyelitis  elsewhere. 
(See  Vol.  HI.,  Part  xii.)  The  process  may  remain  localized,  the  mildest  types 
producing  non-suppurative  periostitis  or  osteitis,  or  later  a  sclerosing  osteitis 
without  necrosis.  In  the  more  severe  cases  there  may  be  localized  abscesses, 
with  more  or  less  necrosis,  or  the  suppuration  may  involve  a  wider  area,  causing 
separation  of  the  periosteum  and  extensive  death  of  bone.  In  streptococcic 
infections  the  general  toxaemia  may  be  so  great  that  death  occurs  before  local 
destruction  is  marked ;  on  the  other  hand,  typhoid  infections  are  so  chronic  and 
indolent  as  to  simulate  tuberculosis.  If  the  process  begins  in  the  region  of  the 
acetabulum  the  pus  is  prone  to  break  through  into  the  hip-joint,  causing  a  sup- 
purative arthritis.  Statistics  from  the  Tuebingen  clinic  show  that  this  occurred 
in  eighty-six  out  of  one  hundred  and  six  cases  in  which  the  disease  developed  in 
this  region.  Spontaneous  dislocation  of  the  hip  takes  place  in  many  of  the  patients 
who  recover.  The  sacro-iliac  synchondrosis  may  be  affected  if  the  disease  orig- 
inates in  the  adjacent  spongy  bone  of  either  the  ilium  or  the  sacrum.  Abscesses 
may  form  in  the  pelvic  cellular  tissue  or  may  perforate  into  the  pelvic  organs ; 
they  may  also  form  primarily  beneath  the  gluteal  muscles,  or  the  pus  may 
accumulate  there  after  burrowing  through  the  sacro-sciatic  foramina.  Pus  may 
follow  the  muscular  planes  of  the  thigh  or  may  collect  extraperitoneally  in  the 
iliac  fossa.  It  is  only  rarely  that  the  disease  originates  in  the  sacrum,  but  in- 
stances of  this  have  been  observed  by  von  Bruns,  Chipault,  Gross,  and  others. 
This  event  is  most  apt  to  occur  in  younger  children,  and  the  prognosis  is 
grave,  ten  out  of  sixteen  cases  collected  by  Gross  having  proved  fatal. 

Marked  deformities  from  destruction  of  epiphyses  and  interference  with 
growth  are  apt  to  follow  recovery  from  osteomyelitis  of  the  pelvic  bones.  In 
cases  resulting  in  ankylosis  of  the  sacro-iliac  or  the  hip  joint  the  affected  side  of 
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the  pelvis  becomes  much  contracted  and  narrowed — the  ol)li(|U('ly  contracted  pel- 
vis. (See  Fig.  4.)  If  sacro-iliac  ankylosis  is  bilateral,  both  sides  are  nari'owcd, 
causing  a  general  diminution  of  the  transverse  diamater — the  so-called  Roberts 
pelvis.  (See  Fig.  1.)  Some  of  the  deformities  observed  owe  their  origin  to 
the  pressure  exerted  by  the  weight  of  the  body  upon  bones  which,  by  reason 
of  their  being  softened  by  disease,  bend  under  the  pressure. 

Symptoms. — The  symptoms,  character  of  the  onset,  and  course  of  the  disease 
vary  with  the  site  of  the  primary  focus  and  with  the  severity  of  the  process.  In 
general,  the  onset  is  sudden,  the  attack  beginning  with  a  chill,  high  fever,  and 

deep-seated  pain  over  the  af!"ected  bone. 
If  the  region  of  the  acetabulum  is 
affected  the  pain  is  increased  by  pressure 
over  the  great  trochanter  or  on  the  sole 
of  the  foot.  The  slightest  motion  of  the 
hip-joint  is  painful  and  the  patient  is 
confined  to  bed  from  the  onset.  In  tu- 
berculous disease,  from  which  the  present 
affection  must  be  differentiated,  the  on- 
set is  more  gradual,  the  patients  usually 
being  able  to  go  about  limping  for 
months  before  they  are  finally  bedridden. 
Tenderness  on  pressure  over  the  affected 
site  is  an  early  and  constant  sign; 
swelling  and  boggy  ccdema  appear  later, 
when  the  inflammation  extends  to  the 
periosteum  and  the  adjacent  soft  parts.  The  constitutional  symptoms  may  be 
mild  or  of  any  grade  of  severity  up  to  the  violent  types  of  streptococcic  infection 
in  which  death  occurs  from  the  general  toxaemia  before  local  symptoms  have 
declared  themselves.  Abscesses  or  suppurating  sinuses  leading  directly,  or  more 
often  deviously,  to  necrosed  bone  are  often  present  w'hen  the  patient  first  seeks 
surgical  relief.  Among  the  changes  which  are  observed  may  be  mentioned 
irregular  thickening  of  the  bones,  especially  the  ilium,  loose  sequestra,  and  bone 
that  is  denuded  but  not  yet  ready  to  separate.  Small  encapsulated  foci  of  infec- 
tion may  remain  dormant  for  varying  lengths  of  time  and  then  break  out  afresh, 
as  happens  in  osteomyelitis  elsewhere.  Abscesses  may  form  in  the  pelvis  and 
break  into  pelvic  organs,  or  they  may  break  outwardly,  leaving  fistulous  tracts 
behind.  There  are  on  record  cases  where  sharp  sequestra  have  ulcerated  through 
into  the  bladder  and  have  formed  the  nuclei  of  calculi.  Careful  examination 
by  rectum  or  vagina  should  ahvays  be  made,  especial  care  being  taken  to  explore 
the  region  of  the  acetabulum  and  of  the  sacro-iliac  synchondrosis.  It  is  possible 
in  this  way  to  distinguish  localized  tendernesses,  boggy  swelling,  or  the  presence 
of  abscesses  or  fistulous  tracts. 

Diagnosis. — The  diagnosis  is  made  by  a  careful  consideration  of  the  symptoms 
and  signs  above  pictured.  The  suddenness  of  the  onset,  with  a  chill,  fever,  and 
deep-seated  boring  pain,  which  is  increased  by  pressure,  and  which  at  first  is  not 


Fig.  4. — Healed    Osteomyelitis   of  the   Left 
Iliiim.      (From  Albert  and  Kolisko.) 
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accompanied  by  swelling  of  the  overlying  soft  parts ;  the  histoiy  of  a  preceding 
trauma,  of  a  severe  cold,  of  furimculosis  or  of  some  infectious  disease;  the 
information  obtained  by  careful  palpation  of  the  pelvis  both  externally  and  in- 
ternally per  rectum,  and  per  vayinam,  will  usually  suffice  to  exclude  other  lesions 
\Nith  \Ahi('h  the  osteomyelitis  might  be  confused. 

Prognosis. — The  prognosis  of  acute  osteomyelitis  of  the  pelvic  bones  is  in 
general  not  good,  especially  where  the  site  of  the  primary  focus  is  near  the  ace- 
tabulum or  the  sacro-iliac  synchondrosis.  Osteomyelitis  of  the  sacmm  has  proved 
especially  fatal.  Death  may  be  caused  by  acute  septicaemia  or  pyoemia  or  by  the 
exhaustion  of  chronic  sepsis.  Extension  of  the  inflammation  to  the  membranes 
of  the  cord  has  been  observed;  abscesses  may  break  into  the  urinary  tract;  and, 
in  the  non-fatal  cases,  there  may  be  left  various  troublesome  conditions — 
intractable  suppurating  sinuses,  marked  pelvic  deformities  which  have  resulted 
from  arrest  of  development,  ankylosis  of  pelvic  joints,  or  distortions  that  have 
been  produced  by  pressure.  There  was  a  mortality  of  24.5  per  cent  in  the  series 
of  one  hundred  and  six  cases,  which  were  collected  from  the  records  of  the  Tue- 
bingen  clinic, — cases  in  which  the  acetabular  region  was  involved. 

Treatment. — The  treatment  of  acute  osteomyelitis  of  the  pelvic  bones  consists 
in  early  incision  down  to  the  affected  site  as  soon  as  the  diagnosis  is  established. 
Resection  of  large  areas  of  affected  bone  has  been  advised,  especially  by  A.  von 
Bergmann,  who  advocates,  in  certain  cases,  excision  of  the  entire  ilium,  with  the 
acetabular  cavity.  This  is  accomplished  by  a  deep  transverse  incision  (down  to 
the  bone)  below  the  iliac  crest,  separation  of  the  periosteum,  and  chiseling  through 
the  bone  in  its  entire  length,  the  attachment  of  the  muscles  of  the  back  and 
abdomen  to  the  crest  being  left  intact.  Then,  by  means  of  a  raspatory,  the  bone 
is  freed  from  periosteum  on  its  inner  and  outer  aspects,  and  its  connections  with 
the  sacrum  behind,  the  pubes  in  front,  and  the  ischium  below,  are  divided,  the 
head  of  the  femur  being  left  free  in  the  wound.  Bone  regeneration  and  restoration 
of  function  may,  it  is  said,  be  confidently  looked  for  if  the  broad  periosteal  surfaces 
are  preserved.  An  operation  as  extensive  as  this  would  rarely  be  justified.  In 
the  more  chronic  stages,  when  there  are  sinuses  leading  down  to  bone,  the  sup- 
purating tracts  must  be  laid  freely  open,  all  sequestra  removed,  and  any  areas 
of  necrosis  that  may  be  discovered  curetted  and  freely  drained.  It  is  quite 
possible  that,  with  the  increasing  use  of  Bier's  hypersemic  treatment  by  means 
of  suitable  suction  cups,  a  more  perfect  control  of  the  inflammatory  process  in 
pelvic  osteomyelitis  may  be  obtained,  and  that  in  consequence,  as  has  happened 
in  the  case  of  inflammatory  lesions  elsewhere,  the  destruction  of  tissue  will  be  less 
and  the  need  for  extensive  incisions  done  away  with  altogether.  In  general, 
however,  early  incision  with  osteotomy  and  thorough  drainage  of  the  focus  of 
disease,  especially  when  the  site  is  such  that  an  adjacent  joint  is  endangered, 
must  be  our  main  reliance. 

Tuberculosis  of  the  Pelvic  Bones. — ^Tuberculosis  of  the  pelvic  bones  occurs 
most  frequently  before  the  age  of  thirty,  and  generally  originates  at  or  near  the 
centres  of  ossification — e.g.,  in  the  ilium  near  the  acetabulum  or  sacro-iliac 
synchondrosis ;  in  the  lateral  masses  of  the  sacrum;  and  near  the  symphysis  pubis. 
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Tuberculosis  of  the  ischium  is  very  rare.  In  later  lif(>  the  secondary  centres,  as 
the  crest  or  spines  of  the  ilium,  are  occasionally  involved.  Except  in  cases  in 
which  the  disease  is  confined  to  the  peripheral  portions  of  the  ilium  (as  the  spines 
or  the  crest),  tuberculosis  of  the  pelvic  bones  is  of  surgical  interest  chiefly  as  it 
occurs  in  three  important  locations,  viz.,  (1)  in  the  region  of  the  acetabulum; 
(2)  at  the  sacro-iliac  synchondrosis;    (3)  at  the  symphysis  pubis. 

Although  the  disease  is  of  fairly  frequent  occurrence  in  the  first  of  these 
locations  and  is  certainly  of  great  importance,  it  is,  nevertheless,  so  intimately 

associated  with  and  so  frequently  causes 
tuberculosis  of  the  hip- joint  that  a  de- 
tailed description  would  be  out  of  place  in 
this  article.     (See  Vol.  III.,  p.  558.) 

The  treatment  of  acetabular  tubercu- 
losis by  the  very  radical  methods  that 
were  practised  by  H.  Schmid,  Barden- 
heuer,  and  "others  in  former  years,  would 
rarely  if  ever  be  considered  justifiable  at 
the  present  time,  when  such  brilliant  re- 
sults are  being  obtained  by  early  and 
conservative  orthopedic  treatment. 

Tuberculosis  of  the  Sacro-iliac  Syn- 
chondrosis.— Tuberculosis  of  the  sacro- 
iliac synchondrosis  is  most  common  in 
adolescents  and  young  adults.  It  is 
rarely  seen  in  children  and  not  often 
after  twenty-five  years  of  age.  It  some- 
times follows  trauma  and  has  been  ob- 
served as  a  complication  of  lumbar 
spondylitis  (Ridlon),  being  then  prob- 
ably secondary  to  the  spondylitis;  but 
in  the  great  majority  of  cases  no  cause 
can  be  traced. 

Pathology. — The  changes  are  similar 
to  those  observed  in  tuberculous  ar- 
thritis elsewhere.  The  primary  focus,  as 
a  rule,  is  located  in  some  part  of  the 
adjacent  ilium  or  sacrum,  the  disease  involving  the  joint  proper  and  the 
synovial  membrane  (in  the  rare  instances  in  which  it  is  present)  later.  The 
type  may  be  that  of  a  dry  arthritis  (caries  sicca),  but  more  commonly  there  are 
an  exudate  (with  the  formation  of  a  cold  abscess  later),  perforation  of  the  capsule, 
and  burrowing  of  pus  in  various  directions.  Perforation  most  frequently  occurs 
anteriorly  where  the  ligaments  are  weakest,  the  abscess  forming  in  the  peMs,  or 
it  may  burrow  behind  the  pelvic  fascia  along  the  course  of  the  sacral  nerves  or  the 
pyriformis  muscle  and  appear  in  the  gluteal  region  after  escaping  through  the 
greater  or  the  lesser  sacro-sciatic  foramen.     (Fig.  5.)     This  is  the  most  common 


Fig.  5. — Right  Sacro-iliac  Disease,  with 
Lumbar  and  Gluteal  Cold  Abscesses,  in  a  Girl 
nine  years  of  age.      (Original.) 
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sit(\  the  pus  followini;-  this  route  in  about  one-half  of  the  cases.  Gravitation 
abscesses  may  follow  the  curve  of  the  sacrum  behind  the  pelvic  fascia  into  the 
ischio-rcctal  fossa  and  come  to  the  surface  in  the  perineum ;  they  may  follow  the 
psoas  muscle  and  appear  in  the  thigh  or  above  Poupart's  ligament ;  or  they  may 
perforate  into  the  bladder  or  the  rectum.  Occasionally  the  perforation  takes 
place  posteriori}'  or  in  an  upward  tlirection,  the" abscess  pointing  superficially  near 
the  joint  or  higher  up  in  the  lumbar  region.  As  the  destruction  of  joint  surfaces, 
bon(>,  and  ligaments  progresses,  the  joint  becomes  loosened  and  disability  increases. 
Rarely,  both  joints  are  involved,  either  simultaneously  or  one  very  soon  after  the 
other;  in  such  cases  the  sacrum  may  be  almost  entirely  destroyed  by  caries. 

Symptoms. — The  onset  is  usually  very  gradual,  the  first  symptom  being  pain, 
either  in  the  region  of  the  joint  itself  or  in  the  distribution  of  the  sacral  plexus,  the 
sciatic,  or  the  anterior  crural  nerves.  Pain  in  the  early  stages  is  often  mistaken 
for  sciatica,  but  is  not  so  constant  in  position.  It  may  be  over  the  sacro-iliac 
joint,  in  the  region  of  the  anterior  superior  spine  of  the  ilium,  in  that  of  the  flexors 
of  the  thigh,  along  the  anteripr  surface  of  the  thigh,  or  in  the  gluteal  region.  It 
should  also  be  borne  in  mind  that  the  pain  which  accompanies  early  involvement 
of  the  joint  is  increased  by  walking,  standing,  prolonged  sitting,  or  any  movement 
causing  strain  upon  the  j  oint .  Direct  pressure  over  the  j oint  or  lateral  compression 
of  the  iliac  crests  elicits  pain,  as  does  palpation  of  the  anterior  aspect  of  the  joint 
per  rectum  or  per  vaginajn.  .  It  is  in  this  latter  site  that  tenderness,  swelling,  or 
abscess  formation  is  often  first  detected.  With  the  onset  of  the  pain  there  are 
characteristic  attitudes  or  changes  in  gait ;  the  weight  is  borne  on  the  healthy  side ; 
the  affected  side  of  the  pelvis  is  tilted  downward  and  slightly  forward,  giving  rise 
to  apparent  lengthening  of  the  limb  on  that  side  with  compensatory  scoliosis. 
Rarely,  tilting  in  the  reverse  direction,  with  apparent  shortening,  has  been  observed. 
The  scoliosis  and  apparent  lengthening  or  shortening  disappear  on  lying  down. 
The  gait  is  somewhat  waddling ;  bending  forward  and  straightening  up  are  painful 
movements ;  and  the  weight  of  the  body  cannot  be  supported  on  the  foot  of  the 
affected  side  for  any  length  of  time.  Patients  therefore  find  it  difficult  to  put  on 
their  shoes  and  stockings;  when  in  bed  they  lie  preferably  on  the  sound  side. 
The  pain  may  continue  for  several  months,  or  even  for  as  long  a  period  as  two  years, 
before  the  local  swelling  and  the  tenderness  elicited  by  direct  pressure  over  the 
joint  posteriorly,  or  by  palpation  of  its  anterior  aspect  per  rectum,  indicate  the 
presence  of  an  abscess.  Compression  of  the  iliac  crests  causes  pain,  and,  while 
hip-joint  motion  is  not  limited,  flexion  and  outward  rotation  of  the  thigh  are 
sometimes  painful.  Fixation  of  the  hip  or  lumbar  spine  may  be  due  to  a  gravita- 
tion abscess  follo'U'ing  the  course  of  the  psoas,  but  actual  tuberculous  involvement 
of  these  structures  should  alw^ays  be  suspected  and  excluded.  Pain  may  diminish 
with  the  formation  and  mpture  of  an  abscess.  Some  atrophy  of  the  buttock  and 
thigh  on  the  affected  side  is  commonly  present.  When  abscesses  have  burrowed 
and  burst  spontaneously,  fistulous  tracts,  usually  tortuous,  lead  by  roundabout 
ways  to  the  joint.  Spread  of  the  disease  to  the  spinal  cord  or  its  membranes  is 
rare,  but  may  occur.  Constitutional  symptoms  persist  for  a  long  time,  and  are 
due  to  the  continued  pain  and  the  prolonged  suppuration.     Secondary  infection, 
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accompanied  by  more  active  sepsis,  or  the  presence  of  tuberculous  disease  in  some 
other  part  of  the  body,  may  hasten  a  fatal  issue. 

Diagnosis. — In  the  early  stages  the  diagnosis  is  not  always  easy,  the  jjain 
being  frequently  mistaken  for  neuralgia — for  sciatica  or  for  lumbago,  for  example. 
Later,  when  an  abscess  has  formed,  it  must  be  differentiated  from  sj^ondylitis, 
hip  disease,  acute  osteomyelitis  of  one  of  the  pelvic  bones,  or  one  of  the  various 
pelvic  suppurative  processes,  especially  of  the  female  generative  organs.  If 
suppurating  sinuses  are  present,  they  must — unless  they  can  be  traced  directly  to 
the  joint — be  differentiated  from  those  which  are  due  to  osteomyelitis  or  which 
owe  their  origin  to  intrapelvic  suppuration.  Careful  consideration  of  the  accom- 
panying symptoms — viz.,  the  peculiar  gait;  the  tilting  downward  of  the  pelvis; 
the  apparent  lengthening  of  the  limb  on  the  affected  side ;  the  tenderness  on  direct 
pressure  over  the  joint  posteriorly,  on  palpation  of  its  anterior  aspect  per  rectum, 
and  on  transverse  pressure  on  the  iliac  crests;  the  presence  of  a  cold  abscess  in 
one  of  the  characteristic  locations;  the  slow  course  of  the  disease,  and  the  fact 
that  the  patient's  age  coincides  with  that  at  which  the  disease  occurs  oftenest — 
will  usually  result  in  a  correct  diagnosis  being  made.  An  x-ray  examination 
should  not  be  omitted,  as  it  may  give  valuable  information  when  the  bone  involve- 
ment is  well  marked.  Primary  sarcoma  of  the  sacrum  or  the  ilium  in  the  region 
of  the  synchondrosis  is  a  possibility,  but  it  is  extremely  rare  to  find  a  sarcoma 
in  either  of  these  localities. 

Prognosis. — ^The  prognosis  has  been  considered  very  grave,  many  surgeons 
taking  an  extremely  gloomy  view  of  the  outlook.  Patients  with  sinuses  which 
have  existed  for  a  long  time,  who  are  weakened  by  prolonged  suppuration,  or 
who  are  septic  from  secondary  infections,  may  succumb  to  a  septicamia  or  a 
pyaemia,  to  an  amyloid  degeneration  of  the  various  organs,  or  to  disseminated 
tuberculosis.  In  those  cases  in  which  the  patient  comes  under  observation  early, 
where  proper  fixation  apparatus  is  employed,  and  where  a  suitable  climatic, 
hygienic,  and  dietetic  regime  is  put  in  force,  good  results  may  be  obtained  with- 
out radical  operative  procedures. 

The  unfavorable  character  of  many  of  the  statistics  published  is  probably  due 
to  the  fact  that  most  of  the  cases  reported  were  complicated  by  secondary  infec- 
tions and  burrowing  abscesses. 

Treatment. — In  the  early  stages  immobilization  with  orthopedic  apparatus, 
such  as  a  double  Thomas  hip  brace  (Whitman),  a  strong  pelvic  girdle  attached 
to  a  spinal  brace  (Ridlon  and  Jones),  or  a  plaster  spica,  may  be  employed. 
Extension  by  weight  and  pulley  at  night  when  the  patient  is  in  bed  may  be 
used  in  connection  with  the  ambulatoiy  treatment.     (Young.) 

If,  in  the  course  of  the  fixation  treatment,  an  abscess  forms,  it  may  be  aspirated 
alone,  or  first  aspirated  and  then  treated  with  iodoform  emulsion.  Incision  and 
drainage  should  be  employed  with  caution,  owing  to  the  great  danger  of  secondaiy 
infection.  As  a  rule,  such  interference  should  be  avoided,  except  when  a  thorough 
radical  operation  is  attempted. 

If,  despite  the  conservative  measures  employed,  the  disease  continues  to  make 
headway,  a  radical  operation  may  be  performed.    The  joint  is  exposed  by  free 


SURGICAL   DISEASES   OF  THE   PELVIC  REGIONS. 


11 


posterior  incisions,  the  diseased  bone  is  thoroughly  removed,  and  all  tuberculous 
granulation  tissue  is  excised  or  removed  b}-  means  of  the  curette.  If  a  cold  abscess 
is  i)resent  its  cont(^nts  should  be  evacuated,  its  walls  should  be  thorough!}^  excised 
or  curetted,  and,  if  i)ossil)lt'.  the  entire  wound  should  l)e  closed  without  drainage. 
It  is  safer,  as  a  lulc.  to  take  the  chance  of  ha\'ing  to  do  a  secondary  operation  for 
some  overlooked  or  recurring  tuberculous  focus  than  it  is  to  run  the  risk  of  second- 
ary infection  in  a  drained  wound.  If  the  operation  is  done  subperiosteally,  it  is 
practicable,  in  advanced  cases,  to  remove  quite  extensive  portions  of  bone  and 
yet  ha^-e  regeneration  of  the  excised  tissue  and  restoration  of  the  functional  power 
of  the  bone  as  a  whole  take  place.  Bardenheuer  has,  in  a  number  of  cases,  resected 
practically  the  entire  half  of  the  pelvis,  from  the  sacro-iliac  synchondrosis,  behind, 
to  the  symphysis  pubis,  in  front,  removing  the  head  of  femur  at  the  same  time. 
Operative  procedures  as  radical  as  this  would  rarely  if  ever  be  justified.  Extensive 
tuberculosis  of  the  sacmm  renders  thorough  removal  of  the  disease  very  difficult 
if  not  impossible;  but.  where  the  lateral  portion  is  involved  to  only  a  moderate 
degree,  it  is  sometimes  possible  to  reach  and  remove  the  diseased  portions  during 
the  excision  of  the  joint.  Intrapehic  ab- 
scesses, which  are  so  often  present,  may 
require  removal  of  a  considerable  portion 
of  the  ilium  before  it  becomes  possible 
properly  to  expose  and  treat  the  disease. 

Tuheixulosis  of  the  Symphysis  Pubis. 
—Tuberculosis  is  of  comparatively  in- 
frequent occurrence  at  the  symphysis 
pubis,  the  age  of  predilection  being  ado- 
lescence and  early  adult  life.  Among 
the  cases  reported  both  sexes  appear  to 
have  been  equall}^  often  affected. 

The  process  may  originate  in  the  bone, 
or  in  the  fibro-cartilage  of  the  symphy- 
sis. The  pathology  of  the  process  and 
the  variations  in  tj^pe  are  the  same  as 
when  tuberculosis  affects  other  parts  of 
the  pelvis.  When  abscesses  form  they 
are  usually  located  above  and  behind 
the  pubis,  spreading  laterally  toward  the 
inguinal  regions,  seldom  downward  toward  the  perineum  or  inner  aspect  of  the 
thigh.  The  abscesses,  as  a  rule,  lie  in  the  suprapubic  pre-fascial  space,  between 
the  muscles  and  the  transversalis  fascia,  and  not  behind  the  transversalis  fascia 
in  the  space  of  Retzius.  The  mid-region  above  the  pubis  is  usuall}'  free  from 
swelling,  presenting  rather  a  depression  between  two  lateral  swellings,  owing  to 
the  fact  that  the  abscess  lies  behind  the  insertions  of  the  powerful  recti  muscles. 
(Fig.  6.)  There  have  been  reported  cases  in  which  an  abscess  has  been  mistaken 
for  an  inguinal  hernia  and  a  truss  has  been  worn.  Rarely,  through  involvement 
of  the  descending  ramus,  an  abscess  may  spread  downward  to  the  perineum. 


Fig.  6. — Tuberculosis  of  the  S>-mphysis 
Pubis,  with  two  t^-pically  placed  supra-sj-m- 
pliyseal  abscesses,  in  a  woman  fifty-seven 
years  of  age.      (Von  Bungner.) 
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Spontaneous  rupture,  with  the  formation  of  a  sinus,  is  most  apt  to  occur  in  the 
inguinal  region,  less  frequently  in  the  perineum  or  the  inner  aspect  of  the  thigh. 
The  bone  is  most  frequently  involved  on  its  upper  and  posterior  aspect. 

Symptoms. — In  the  early  stage  the  symptoms  are :  pain  over  the  symphysis 
or  in  the  inguinal  region;  a  tendency  to  stoop  forward  in  walking,  in  order  to 
relax  the  recti  muscles  and  so  to  relieve  the  strain  upon  the  symphysis.  At 
first,  the  local  signs  may  be  slight,  but,  upon  careful  examination,  tenderness 
will  usually  be  elicited  on  direct  pressure  over  the  symphysis  or  on  palpation  of  its 
deep  surface  per  rectum  or  per  vaginam;  or  there  will  be  pain  over  the  symphysis 
when  the  iliac  crests  are  compressed.  The  course  of  the  disease  is  slow  and 
chronic,  and,  after  the  lapse  of  a  certain  length  of  time,  the  appearance  of  a 
swelling  at  the  site  already  mentioned  announces  the  formation  of  an  abscess. 
Through  carious  destruction  of  bone  the  symphysis  may  become  so  loosened 
that  mobility  can  be  detected;  but  this  is  often  obscured  by  the  fact  that  in 
front  the  pubis  is  covered  by  strong  muscles  and  fascia,  and  behind  by  the 
thickened  transversalis  fascia  and  by  tuberculous  tissue.  As  a  rule,  the  differ- 
ential diagnosis  is  not  difficult.  It  is  important  to  remember  the  possibility  of 
neuralgic  conditions  in  the  early  stages  of  the  disease,  and  of  inguinal  hernia 
when  an  abscess  forms  on  one  side  of  the  pubis.  An  x-ray  examination  should 
not  be  neglected,  and  careful  palpation  of  the  pubic  arch,  both  externally  and 
per  rectum  or  per  vaginam,  is  important.  Tuberculous  lesions  in  the  lungs  or 
other  parts  of  the  body  should  also  be  carefully  searched  for. 

Treatment. — Tuberculosis  of  the  symphysis  pubis  should  be  treated  by  radical 
operation  as  soon  as  the  diagnosis  is  made.  The  upper  and  posterior  surfaces, 
where  the  disease  is  usually  located,  are  easily  accessible  and  are  favorably 
situated  for  thorough  removal  of  the  disease.  The  affected  bone,  even  if  the 
disease  should  involve  the  entire  horizontal  ramus  and  parts  of  the  descending 
rami,  should  be  resected  subperiosteally  through  a  transverse  incision.  In  the 
case  of  a  cold  abscess  the  contents  should  be  evacuated,  all  granulation  tissue 
should  be  thoroughly  removed,  and,  if  possible,  the  wound  should  be  closed 
without  drainage.  If  drainage  is  employed,  the  greatest  care  must  be  taken 
to  avoid  secondary  infection.  When  it  is  found  necessaiy  to  resect  large  portions 
of  bone  a  strong  pelvic  girdle  or  some  suitable  pelvic  support  should  be  worn  for 
some  time  or  until  bone  regeneration  has  taken  place. 

Syphilis  of  the  Pelvic  Bones. — Syphilis  very  rarely  affects  the  pelvic  bones. 

Localized  periostitis  or  osteitis,  associated,  in  the  earlier  stages,  with  mani- 
festations of  syphilis  elsewhere,  is  occasionally  seen,  and  in  such  cases  the 
diagnosis  is  not  difficult. 

In  the  later  stages  gummata  may  develop,  or  there  may  be  a  sclerosing 
osteitis,  associated  with  thickening  of  the  bone  or  with  the  formation  of  osteo- 
phytes, which,  when  they  occur  in  the  region  of  the  foramina,  may  press  upon 
nerves  and  thus  give  rise  to  distressing  neuralgias. 

Rarely,  necrosis  may  take  place  and  an  abscess  form— conditions  which  may 
easily  be  mistaken  for  lesions  of  tuberculous  disease. 

The  treatment  consists  in  general  antisyphihtic  medication.     Local  inter- 
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ference  is  contra-indicated,  as  a  rule,  unless  necrosis,  with  abscess  formation, 
shall  have  taken  place;  and  these  conditions  should  then  be  treated  on  general 
surgical  principles. 

Echinococcus  of  the  Pelvic  Bones. — The  rarity  of  this  disease  may  be 
judged  from  the  fact  that  only  twenty-odd  cases  have  been  recorded  in  the 
literature.  The  course  of  the  disease  is  slow,  and  the  extent  to  which  the  bony 
structures  may  be  destroj-ed  is  at  times  very  great.  Thus,  for  example,  in  a  case 
reported  by  Fischer  and  Mertel,  the  entire  half  of  the  pehds,  together  with  the 
head  of  the  femur,  was  destroyed. 

The  diagnosis  and  treatment  are  based  upon  the  same  principles  as  those 
which  govern  the  diagnosis  and  treatment  of  echinococcus  disease  in  other  parts 
of  the  body. 

Tumors  of  the  Pelvic  Bones. — Chondroma  and  Osteoma,  Including  Exostoses. — 
The  chondromata  consist,  as  a  rule,  of  hyaline  cartilage  with  the  admixture 
of  some  connective  tissue.  They  are  of  either  the  large-cell  or  the  small-cell 
variety,  and  they  arise  ordinarily  from  normal  cartilage,  but  they  may  also 
spring  from  any  portion  of  the  osseous  tissue.  Although  they  are  essentially 
benign  in  character,  they  sometimes  form  metastases.  All  sorts  of  retrogressive 
changes  may  be  witnessed  in  chondromata,  and  they  sometimes  become  con- 
verted into  sarcomata. 

Osteomata  consist  either  of  pure  bone  or  of  a  mixture  of  tissues,  cartilage 
being  quite  frequently  present. 

Exostoses  (enostoses),  w^hich  are  also  known  by  other  names,  grow^  from  the 
surface  of  a  bony  structure.  At  times  they  consist  partly  or  wholly  of  cartilage 
(enchondroma ;  ecchondroma) .  The  strictly  osseous  exostosis  may  be  either 
ivory-like  in  density  or  of  a  spongy  nature,  containing  perhaps  true  bone  marrow. 

The  types  of  tumor  mentioned  above  show  great  variation  in  size ;  the  growi;h 
may  even  attain  so  great  a  bulk  as  nearly  to  fill  the  pehdc  ca\dty. 

On  the  whole,  osseous  tumors  do  not  often  develop  in  the  pelvis,  only  about 
one  hundred  cases  having  been  reported  in  the  literature.  In  the  majority  of 
these  cases  the  ilium  or  the  sacrum  was  the  part  affected;  the  pubis  and  the 
ischium  being  very  rarely  involved. 

If  the  tumor  is  accessible  and  if  it  gives  rise  to  symptoms,  it  should  be  extir- 
pated.   Some  thirty  successful  operations  have  been  reported.     (Tillmanns.) 

Fibroma. — ^A  fibroma  may  arise  from  the  periosteum  of  one  of  the  pehic 
bones.  It  occurs  in  several  transitional  forms — as,  for  example,  in  that  of  a 
cystic  fibroma,  a  calcifying  fibroma,  an  osteo-fibroma,  etc.  AYhile  a  fibroma 
often  occurs  as  a  tumor  of  the  bone,  arising  from  periosteum  or  from  the  point 
of  insertion  of  a  muscle,  it  is  more  often  encountered  as  a  tumor  of  the  soft  parts. 
The  fibroma  grows  slowly  and  is  benign  in  character;  the  symptoms  to  which 
it  gives  rise  being  mainly  those  which  result  from  pressure. 

In  accordance  with  general  surgical  principles  the  proper  treatment  is 
extirpation. 

Sarcoma. — Sarcoma  occurs  in  the  pelvic  bones  in  a  variety  of  forms.  ^\Tien 
it  originates  in  the  bone  marrow  it  may  be  highly  vascular  and  may  even  pulsate. 
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Fig.  7. — Rudimentary 
a  Five-months-old  Boy. 
Werner.) 


Tail-Formation    In 
(From  Bartels  and 


The  mixed-cell  myelogenous  form  is  the  most  common ;  melano-sarcoma  is  rare. 
The  ilium  is  the  most  common  seat  of  the  growth,  the  sacrum  coming  next  in 
order.  Of  all  the  sarcomata  which  occur  in  the  pelvis,  a  large  percentage  origin- 
ate in  bone,  comparatively  few  in  the 
soft  parts  (11  in  127  cases,  according  to 
Tilhnanns). 

The  diagnosis  must  be  made  on  gen- 
eral principles.  The  intrapelvic  growths, 
it  must  be  borne  in  mind,  may  easily 
be  confused  with  tumors  of  the  pelvic 
viscera.  The  treatment  is  early  extirpa- 
tion, when  such  a  measure  is  possible; 
and  the  prognosis  is  unfavorable. 

Carcinoma. — The  primary  occurrence 
of   a    carcinoma    in  the  pelvic  bones  is 
something     unknown,      but     secondary 
growths  have  been  observed. 
Endotheliomata  and  other  rare  tumors  may  occur  here  as  in  other  parts  of 
the  body,  but  they  require  no  special  description. 

Cong-enital  Deformities  of  the  Sacro-Coccygeal  Region. — Rudimentary  Tail- 
Formation. — The  C|uestion  of  the  formation  of  a  tail  in  human  beings  is  one  of 
the  oldest  in  medical  literature,  and  in  ancient  times  many  authors  gave  credit 
to  the  most  exaggerated  accounts  of  tailed  human  beings  and  of  entire  tribes 
of  people  with  tails,  such  stories  being  most  frequently  brought  by  travellers  and 
travelling  merchants  from  Africa,  Asia,  India,  and  the  islands  of  the  Indian  Ocean. 
When  critically  examined,  these  stories  w^re  found  to  originate  in  the  fact  that 
certain  barbarous  or  semi-civilized  tribes  in  Africa,  Java,  Sumatra,  etc.,  wore, 
at  religious  ceremonies,  fetes,  etc.,  costumes  of  animal  skins  with  tails — i.e., 
costume  tails.  During  the  Middle  Ages,  these  exaggerated  reports  were  given 
even  greater  credence,  but  recently  the  careful  researches  of  several  investigators, 
notably  M.  Bartels,  have  finally  placed  our  knowledge  of  the  occasional  occur- 
rence of  rudimentary  tail-formation  in  human  beings  on  a  scientific  basis.  That 
such  formations  do  at  times  occur  is  a  well-established  fact,  and  the  explanation 
is  reached  through  a  study  of  the  development  of  the  caudal  end  of  the  embryo. 
Normally,  from  the  first  to  the  third  month  of  foetal  life,  there  is  a  distinct  tail- 
like projection,  beyond  a  line  drawn  from  the  thirtieth  vertebral  segment  to 
the  membrana  analis.  The  number  of  rudimentary  vertebral  segments  in  this 
projection  is  normally  four  or  five,  representing  the  coccygeal  segments;  but  as 
many  as  nine  of  these  segments  have  been  observed. 

Between  the  third  and  fourth  foetal  months  the  projection  becomes  a  tri- 
angular hummock  covered  by  skin,  and  this  in  turn  disappears  as  the  gluteal 
masses  develop  and  the  coccyx  (toward  the  ninth  month)  takes  its  normal  curve 
or  bend  forward.  Bartels  makes  several  groups  of  the  authenticated  cases  of 
persistence  of  the  tail-formation,  but  essentially  there  are  only  two  varieties — 
those  which  contain  bone  and  those  which  are  composed  entirely  of  soft  parts. 
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Fig.     S. — Human     Tail,      in 
Recruit,   twenty-six  years  of  age. 
Ornstein,  of  Athens.) 


a    Greek 
(From 


Fii-st  \'an(_'ty. — The  tails  which  contain  bone  are:  first,  those  which  have  an 
actual  increase  in  the  number  of  vertebral  segments,  as  in  normal  vertebrate 
animals;  second,  those  in  which  the  projection  contains  the  normal  number  of 
coccygeal  vertebra^,  which,  by  abnormal 
growth  of  vertebral  bodies'  and  discs,  are 
increased  in  length. 

Second  \'ariety.  —  The  tails  composed 
wholly  of  soft  parts  are:  first,  the  persist- 
once  of  the  normal  coccygeal,  triangular 
hummock  (''Steishocker")  of  the  third  to 
fourth  month  of  foetal  life;  second,  the 
conical  projections  of  skin  and  soft  parts 
into  which  the  bone  does  not  extend;  third, 
the  pedunculated  lipomata,  fibromata,  etc., 
which  occur  in  this  region  and  form  pseudo- 
tails. 

There  have  been  recorded  several  cases 
of  three-sided,  skin-covered  elevations  in  the 
sacro-coccygeal  region  —  elevations  which 
were  limited  by  distinct  lateral  grooves 
and  which  terminated  in  a  point  in  the  region  of  the  anus,  but  which, 
at  the  base  or  upper  part,  merged  with  the  skin  of  the  back  without  distinct 
boimdary  line.  These  are  the  so-called  "  angewachsene "  or  adherent  tails  of 
Bart  els,  and  they  represent  persistence  of  the  normal  foetal  coccygeal  hummock 
of  the  third  to  fourth  month — the  "Steishocker."     No  part  of  this  elevation 

forms  a  free  or  tail-like  projec- 
tion from  the  body. 

The  position  of  the  elevation 
is  in  the  median  line,  but  it  may 
be  to  one  or  the  other  side  of 
this  line,  as  in  the  case  of  Bartels 
and  Werner.  (Fig.  7.)  Many 
authenticated  cases  of  free- 
hanging  or  projecting  tail-like 
formations  have  been  observed 
and  recorded,  some  of  them  con- 
taining coccygeal  vertebral  seg- 
ments, as  in  the  case  of  Braun 
in  which  the  last  three  coccygeal 
vertebrae  could  be  felt,  or  in 
that  of  Ornstein  (Fig.  8)  in 
which  slight  mobilitv  of  the  coc- 


FiG.   9. — Pseudo-Tail    or    Pendulous    Lipoma    in  an 
eighteen-year-old  Boy.      (From  Bartels.) 


cygeal  vertebrae,  both  in  the  projection  itself  and  in  the  two  vertebrae  located 
above  its  base,  could  be  felt  beneath  the  skin. 

Finally,  one  meets  with  the  pseudo-tails  or  pendulous  tumors  (lipoma,  fibroma, 
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etc.),  in  the  coccygeal  region — tumors  which  in  no  sense  represent  defective  or 
abnormal  development  of  the  caudal  structures.     (Fig.  9.) 

This  entire  group  of  cases  possesses  scientific  rather  than  surgical  interest, 
and,  for  a  careful  or  thorough  study  of  the  subject,  the  reader  is  referred  to  Bar- 
tels'  exhausti^'e  researches  in  the  Ardiives  of  Anthropoloyy,  Bd.  15. 


Fig.   10. — Jones  Twins,  born  in  Tipton  Co.,  Indiana,  on"  .June  24th,  1889;    died  on  Feb.  IQtliand 

20th,  1891.      (From  Gould  and  Pyle.) 


Double  or  Bigerminal  Teratomata  (Double  Monsters). — Double  or  bigerminal 
teratomata  or  monsters  are  formed  by  the  joining  together  of  two  separate 
embryos  or  individuals  during  the  very  early  stages  of  embryonic  life,  w^hich  join- 
ing can  assume  many  different  forms.  Well-authenticated  cases  of  joined  twins, 
with  symmetrical  development  of  the  two  individuals,  have  been  observed  and 
reported  in  the  literature  a  number  of  times,  as  have  also  cases  in  which  one 

individual  has  developed  more  or  less 
perfectly  while  the  second  is  simply  an 
attached  parasite,  or  fcetal  inclusion. 
The  caudal  end  of  the  body  is  especially 
apt  to  be  affected,  although  many  differ- 
ent types  have  been  illustrated  in  the 
reported  cases.  The  entire  subject  is 
fully  dealt  with  by  Ahlfeld,  whose  Atlas 
contains  illustrations  of  the  majority  of 
the  authenticated  cases  on  lecord.  In 
the  classification  of  the  congenital  sacral 
tumors,  some  of  those  which  contain 
rudimentary  organs,  limbs,  maxillary 
bones,  etc.,  must  be  considered  as  true 
foetal  inclusions.  Besides  these,  there 
are  tumors  which  contain  only  tissues 
or  organs  normally  present  in  the  sacro- 
coccygeal region,  which  have  probably  developed  from  detached  islands  or  rests 
of  embryonic  tissue  that  have  gone  on  to  abnonnal  growi:h,  and  are  strictly 
monogerminal  in  character. 

In  the  well-known  case  of  Geoffrey  St.  Hilaire,  the  joined  twins  Helena  and 


Fig.  11. — Pelvis  of  a  Case  of  Joined  Twins, 
similar  to  that  of  the  Jones  Twins  (Fig.  10). 
(Case  of  Levey,  quoted  by  Tillmanns.) 
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Judith  were  bom  October  26th.  1701,  and  Hved  to  the  age  of  twenty-two  yeai-s; 
they  died  within  three  minutes  of  each  other,  on  Feb.  8th,  1723.  The  autopsy 
showed  that,  from  the  second  sacral  vertebra  downward,  the  sacnmi  and  coccyx 
were  single.  Both  vagime  terminated  in  a  single  vulvar  orifice,  and  there  was 
a  single  anal  orifice  for  the  two  rectums.  Millie  and  Christine,  the  negro  sisters 
born  in  Columbus  Co.,  North  Carolina,  in  1851,  were  observed  and  reported  by 
man\'  different  authoi"S,  and  are  said 


to   have  lived   to    be    twenty-three 
yeai-s  of  age. 

The  Jones  twins,  who  were  born 
in  Tipton  Co.,  Indiana,  on  June  24th, 
1889,  and  who  died  on  Feb.  20th,  1891 
(Fig.  10).  represent  another  type  of 
symmetrical  development.  In  this 
type  the  umbilicus  is  single,  the  an- 
terior body  surface  presents  no  dis- 
tinct division,  and  the  lower  ex- 
tremities are  undeveloped  and  lie  at 
the  side.  Fig.  11  represents  the 
pehis  of  a  similar  case,  reported  by 
Levey.  An  example  of  bigerminal  de- 
formity of  the  parasitic  type  is  seen 
in  the  case  of  Joan  Baptista  dos 
Santos,  who  was  bom  on  Sept.  5th, 
1845.  This  case  was  reported  by 
Acton  in  1846,  and  a  picture  of  the 
monstrosity  (at  the  age  of  twenty 
years)  was  first  published  in  Ahlfeld's 
Atlas.  A  complete  lower  extremity,  containing  two  joined  thigh  bones  and 
provided  with  a  double  foot,  was  attached  to  the  body  in  the  coccygeal  region. 
(Fig.  12.)  There  were  two  well-formed,  functionating  penes,  each  Tvdth  its 
urethra :  the  scrotum  was  single. 

Congenital  Sacro-Coccygeal  Tumors  and  Cysts;  Mixed  Teratomata. — 
Congenital  tiunors  of  the  sacro-coccygeal  region  are  divisible  into  two  great 
classes :  those  of  bigerminal  origin,  or  tme  fcetal  inclusions :  and  those  of  mono- 
geiTQinal  origin,  or  defects  of  development  in  the  caudal  end  of  the  body.  The 
latter  class  may  contain  tissues  that  represent  organs  of  the  pehdc  region, — e.g., 
post-anal  gut,  spinal  cord,  etc., — but  never  organs  of  distant  parts  of  the  body, 
as  for  example,  portions  of  an  upper  extremity,  maxillae,  etc. ;  such  findings  always 
represent  a  bigemiinal  origin  of  the  tumor.  The  differentiation  between  very 
imperfectly  developed  tme  fcetal  inclusions  and  teratomata  of  monogerminal 
origin,  containing  a  variety  of  tissues  all  normally  present  at  the  caudal  end  of 
the  body,  may  at  times  be  very  difficult  or  impossible.  It  is  thought  by  many 
investigators  that  developmental  anomalies,  in  the  shape  of  nests  of  embryonal 
tissue,  derived  from  some  of  the  various  structures  at  the  caudal  end  of  the  foetus. 


Fig.  12. — Accessor^'  Lower  Extremity;  Joan 
Baptista  dos  Santos,  nine  months  of  age,  bom  Sept. 
5th,  1845.      (From  Acton  and  .\hlfeld.) 
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are  responsible  for  a  large  number  of  the  congenital  sacral  tumors,  which  have 
been  described  as  true  fa>tal  inclusions. 

In  many  cases,  however,  the  evidences  of  a  bigerminal  origin  seem  conclusive. 
The  well-known  case  of  the  Schliewener  child  (Fig.  13),  born  in  1864  and  reported 
by  Virchow  and  von  Langenbeck,  is  an  interesting  example 
of  a  tumor  containing  muscle  fibres,  cartilage,  and  bone, 
and  having  a  kind  of  contractile  motility.  A  similar  case 
of  a  girl,  two  and  a  half  years  old,  was  reported  by  Stolper. 
(Fig.  14.)  In  this  case  the  tumor  had  a  contractile  move- 
ment, but  was  partly  cystic,  a  clear  fluid  having  been 
drawn  by  puncture. 

In  some  of  the  cases  the  tumor  undoubtedly  arises 
from  the  remains  of  the  neurenteric  canal  or  of  the  post- 
anal gut. 

The  successful  removal  of  these  tumors  has  occasion- 
ally been  accomplished,  but-  care  must  be  exercised  in  sep- 
arating the  deep  attachments,  which  may  be  in  direct  con- 
tinuation   with     im- 
portant     structures, 
especially  the   spinal 
canal. 

Post-rectal  Der- 
moids.— The  mode  of 
origin  of  this  group 
of  tumors,  as  in  the 
externally  placed  dermoids  of  the  sacro- 
coccygeal region,  is  somewhat  in  doubt. 
They  may  arise  from  infoldings  of  the  cuti- 
cle of  the  perineum  during  foetal  develop- 
ment, but  it  is  more  probable  that  they 
arise  in  the  remains  of  the  ectodermal  por- 
tion of  the  Wolffian  body  or  duct,  possibly 
sometimes  from  the  post-anal  gut  or  from 
the  neurenteric  canal.  They  differ  from 
ovarian  dermoids  which  originate  as  aber- 
rant growths  in  ova,  either  fecundated  or 
non-fecundated,  and  from  true  teratomata, 
although  they  have  been  found  in  close  re- 
lation with  tumors  of  the  latter  type  from 
which  a  distinct  pedicle  leading  to  the 
spinal  column  has  been  traced.  They  may 
also  be  associated  with  the  type  of  con- 
genital tumors  which  are  due  to  superfoetation,  or  foetal  inclusions,  but,  as 
previously  stated,  they  usually  occur  as  simple  dermoids.  Nearly  all  of  the  cases 
thus  far  observed  have  been  in  females.     Of  thirty-two  cases  collected  from 


Fig.  13.  — Schlie- 
wener Child ;  Contractile 
Teratoma  of  Sacro- 
coccygeal Region.  (Af- 
ter Virchow.) 


Fig.  14. — Sacro-Coccygeal  Tumor,  the 
Size  of  a  Cliild's  Head,  in  a  Child  two  and  a 
half  years  old,  otherwise  healthy.  (After 
Stolper.) 
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litcratuiv  l)y  Tillnianns,  only  three  were  in  males.  As  they  arc  of  very  slow 
i!;ro\\-th,  as  a  rule,  varyinji  in  size  when  first  discovered  from  that  of  a  pigeon's 
or  hen's  egg  to  that  of  a  man's  fist,  being  rarely  as  large  as  a  child's  head,  they 
have  been  usually  first  detected  in  adult  life,  cither  from  interference  with  child- 
birth or  from  suppuration  of  their  contents.  If  suppuration  occurs  and  is  followed 
by  spontaneous  rupture,  the  dermoid  may  discharge  into  the  rectum,  the  bladder, 
or  the  vagina,  or  through  the  skin  of  the  perineum.  The  position  of  this  variety 
of  tumor  is  between  the  sacrum  and  the  coccyx,  behind,  and  the  rectum  in  front, 
either  in  the  median  line  or  to  one  side  of  it,  most  often  to  the  left.  The  rectum 
and  bladder  are  pushed  forward,  the  latter  often  upward  against  the  symphysis, 
in  such  a  manner  as  to  cause  interference  with  urination  and  defecation.  The 
vagina  is  flattened  and  pushed  forward  and  its  lumen  may  be  so  diminished  that 
a  digital  examination  is  impossible.     The  perineum  itself  bulges  downward. 

Pathology. — The  cysts  may  be  single  or  multiple.  There  have  been  re- 
ported instances  in  which  three  or  more  lay  in  a  chain  in  the  hollow  of  the  sacrum. 
They  are  comparatively  immovable,  and  seldom  rise  above  the  brim  of  the  pelvis, 
differing  in  this  respect  from  ovarian  dermoids.  They  are  usually  situated  above 
the  levator  ani,  but  may  be  below  it.  Their  walls  consist  of  firm  connective 
tissue  lined  usually  with  pavement  epithelium,  sometimes  with  cylindrical 
epithelium.  Glandular  structures  are  seldom  found  in  the  walls.  The  contents 
of  the  cysts  are  a  grumous  material  and  a  yellowish-brown,  gruel-like  fluid,  with 
bundles  or  balls  of  hair.  Under  the  microscope  there  will  be  found  fat,  epithelial 
detritus,  hair,  etc. 

Symptoms  axd  Diagnosis. — ^The  symptoms  vary  according  to  the  size  and 
position  of  the  cysts;  they  may  be  attributed  to  pressure  upon  and  displacement 
of  peh'ic  organs,  with  consequent  disturbance  of  function,  or  to  the  occurrence 
of  suppuration,  with  or  without  spontaneous  rupture.  The  perineum  bulges 
downward  and  the  bladder  and  rectum  are  pushed  forward  and  upward. 

The  consistence  of  the  tumor  is  doughy;  it  pits  on  pressure  and  sometimes 
there  is  a  peculiar  feeling  of  crepitation,  due  to  the  character  of  the  contents 
(hair  mixed  w'ith  grumous  material). 

Differentiation  from  ovarian  dermoids  is  seldom  diflficult,  and  is  made  by 
noting  the  bulging  downward  of  the  perineum,  and  the  immobility  and  the  dis- 
placement forward  of  the  rectum.  As  before  stated,  the  tumors  are  rarely 
recognized  until  attention  is  called  to  them  through  interference  with  childbirth 
or  by  the  occurrence  of  suppuration  in  them. 

Treatment. — Treatment  consists  in  the  removal  of  the  tumor  through  a 
perineal  incision,  the  position  and  extent  of  which  depend  largely  on  the  site, 
size,  and  degree  of  bulging  of  the  tumor.  The  choice  lies  between  a  lateral  or 
median  perineal  incision,  a  para-sacral  incision,  and  a  transverse  retro-anal 
incision. 

Removal  of  the  coccyx  may  be  of  advantage  in  obtaining  sufficient  exposure. 
Complete  enucleation  of  the  cyst  wall  should  be  done,  if  possible,  but,  if  this  is 
impracticable  on  account  of  adhesions  following  suppuration  or  for  other  reasons, 
as  much  of  the  lining  membrane  as  possible  should  be  destro^'ed  and  the  remain- 
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der  of  the  cavity  packed,  with  the  idea  of  obtaining  heaUng  by  granulation. 
Occasionally,  in  large  tumors,  the  abdominal  route,  either  extraperitoneal  or 
transperitoneal,  may  be  necessary,  or  the  abdominal  and  j^crineal  methods  may 
be  combined. 

Pilo-nidal Sinus. — Synonyms:  Fove.e  Saceales;  Sacro-coccygeal  Dimples 
OR  FovE.E,  Sinuses,  or  Cysts. 

Description. — From  twenty  percent  to  thirty  per  cent  of  all  infants  examined 
at  birth  present,  in  the  sacro-coccygeal  region,  either  a  distinct  dimple  or  depres- 
sion of  the  skin  or  an  actual  orifice  which  may  vary  in  size  from  a  pin-point  to 
an  opening  large  enough  to  be  mistaken  for  the  anus.  Of  a  large  number  of 
adults  examined,  between  four  per  cent  and  five  per  cent  presented  a  similar 
condition.     This  condition  is  always  congenital  and,  as  a  simple  fovea  or  de- 


FiG.   15. — Photograph  of  a  Sacro-Coccygeal  Fovea  of  the  Groove  Type,  in  a  child  fourteen  months 
of  age.     It  occurred  in  connection  with  spina  bifida.      (Original.) 


pression,  possesses  no  surgical  interest.  But  when  the  infolding  of  the  skin  is 
of  a  sufficient  depth  to  form  a  sinus,  or  when  the  deeper  portion  becomes  seques- 
trated and  forms  a  cyst-like  cavity  filled  with  epithelial  detritus,  hair,  etc., 
infection  is  prone  to  occur  in  it,  and  there  is  then  produced  a  condition  which 
necessitates  surgical  intervention. 

The  fovese  or  sinuses  may  be  associated  with  other  congenital  deformities 
(Figs.  15  and  16),  but,  as  a  rule,  they  occur  in  individuals  who  are  otherwise 
normal. 

Pathology. — During  the  process  of  development,  in  early  foetal  life,  the 
intestinal  and  neural  canals  are  continuous  around  the  end  of  the  notochord,  the 
U-shaped  portion  w^hich  winds  over  the  end  of  the  coccyx  being  termed  the 
neurenteric  canal.  At  about  the  end  of  the  third  month  of  foetal  life  the  struc- 
ture, beginning  at  the  apex  of  the  curve,  undergoes  a  process  of  obliteration,  the 
posterior  portion  becoming  the  filum  terminale  of  the  cord,  and  the  anterior  limb 
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of  tht'  r  being  ivprcscntcd  for  a  time  by  the  Uvtal  structuro  known  as  the  post- 
anal gut,  which  in  turn  disappears  soon  after  the  union  of  the  proctodeum  with 
the  rectum  proper, — a  change  which  completes  the  anal  portion  of  the  lower 
bowel.  Some  observers  believe  that  the  fovea>  and  sinuses  represent  unobliter- 
ated  portions  of  some  part  of  the  neurenteric  canal;  others  attribute  their  forma- 
tion to  a  simple  infolding  of  the  skin  at  the  point  where  the  filum  terminale  is 
adherent  to  its  deep  surface,  and  in  individuals  in  whom  the  mesoblastic  tissue 
is  late  in  forming  and  scanty  in  amount.  Still  others  believe  that  it  is  simply  an 
evidence  of  imperfect  closure  of  the  medullary  groove.  In  any  event,  the  struc- 
ture of  the  sinuses  and  cysts,  and  the  character  of  their  lining  membrane  and  of 
the  contents,  would  seem  to  indicate  that  an  epidermoid  infolding  is  the  basis  of 


Fig.   16 — Photograph  of   a  Sacro-Coccygeal  Dunple  or    Fovea,  Occurring,  in   Connection  with  a 
Spina  Bifida,  in  a  Male  Child  sixteen  months  of  age.      (Original.) 


the  pathological  process,  rather  than  a  development  in  the  neurenteric  canal 
or  the  deeper  structures.  Careful  examination  of  sections  made  through  the 
sinus  wall  will  almost  always  demonstrate  the  presence  of  the  pavement  epithe- 
lium of  the  cuticle  at  some  point,  though  it  is  usually  impossible  to  find  sebaceous 
or  sweat  glands.  The  contents  of  the  cysts  consist  of  a  cheesy  or  grumous 
material  which  frequently  contains  bundles  or  balls  of  hair  more  or  less  mixed 
with  the  grumous  mass.  Under  the  microscope,  epithelial  detritus,  fat  droplets, 
and  fat  crystals  are  seen.  Infection,  which  is  prone  to  occur,  converts  the  tract 
or  cyst  into  a  suppurating  sinus  or  abscess.  The  sinuses  lead  down  to  the  pos- 
terior surface  of  the  lower  part  of  the  sacrum,  and,  if  a  cj'st-like  dilatation  has 
occurred,  the  deep  portion  of  the  cyst  wall  will  be  found  intimately  adherent  to 
the  periosteum  of  the  sacrum.  The  cysts  should  not  be  confused  with  the  true 
teratomata,  as  they  never  contain  bone,  cartilage,  rudimentary  members,  or 
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organs;  they  are  of  an  entirely  different  origin.  There  is  usually  one  opening 
in  the  skin,  exactly  in  the  median  line,  and  from  one  and  a  half  to  three  inches 
posteriorly  to  the  anus — i.e.,  about  at  the  sacro-coccygeal  junction.  There 
may,  however,  be  two  openings  (Fig.  18)  or  even  several  openings  (Fig.  19),  or 

the  original  opening  may 
have  closed  and  a  new  one 
have  formed  as  a  result  of 
suppuration,  in  which  case  it 
is  often  located  to  one  side 
or  the  other  of  the  median 
line  (Figs.  20  and  21). 

One  must  distinguish 
several  degrees  of  the  proc- 
ess: namely,  the  simple 
groove  or  depression  (Figs. 
15  and  16) ;  the  deeper  tract 
or  sinus  lined  by  pavement 
epithelium  derived  from 
the  cuticle;  the  sinus  lead- 
ing into  a  dilated  sac,  simi- 
larly lined,  which  still 
communicates  with  the  sur- 
face (Figs.  17  and  18); 
and  the  completely  seques- 
trated sac,  which  does  not 
communicate  with  the  sur- 
face depression. 

Borst,  Tillmanns,  and 
others  distinguish  between 
true  dermoids,  the  lining  of 
which  shows  the  true  struc- 
ture of  the  cuticle  (i.e., 
hair  follicles,  sebaceous  and 
sweat  glands),  and  epidermoid  cysts,  the  walls  of  which  consist  simply  of  connec- 
tive tissue  lined  with  pavement  epithelium. 

Symptoms.—  There  are  no  symptoms,  except  the  presence  of  a  fovea  or  a 
sinus  opening,  until  the  retained  epithelial  detritus,  etc.,  form  a  cyst  or  tumor, 
or,  more  commonly,  become  infected  and  form  an  acute  abscess.  If  this  is 
allowed  to  burst  spontaneously,  as  is  frequently  the  case,  a  sinus  persists,  or  the 
opening  heals  and  a  secondary  abscess  forms.  This  process  may  be  repeated  a 
number  of  times  before  the  patient  seeks  surgical  relief. 

Diagnosis. — When  the  opening  of  the  suppurating  sinus  lies  to  one  side  of 
the  median  line,  and  the  site  of  the  original  fovea  is  closed  or  indistinct,  the  con- 
dition may  be  mistaken  for  necrosis  of  the  sacrum  or  coccyx ;  or,  if  the  opening 
is  situated  low  down,  it  may  even  be  mistaken  for  a  fistula  in  ano.     Tuberculosis 


Fig.  17. — Sacro-Coccygeal  Cyst  in  a  Man,  twenty-nine 
years  of  age.  (Original;  drawn  from  life.)  Note  the  shining, 
pearly,  epithelial  lining  of  the  sac,  closely  adherent  to  the 
periosteum  of  the  sacrum. 

Suppuration  occurred  in  the  third  week  of  a  severe  attack 
of  typhoid  fever.  The  swelling  was  incised  under  cocaine  an- 
sesthesia,  and  the  opening  was  allowed  to  heal  by  granulation. 
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or  syphilis  may  be  suspected,  and  in  certain  eases  of  decubitus,  with  a  small  area 
of  necrosis  in  this  region  and  a  large  infected  retrosacral  subcutaneous  bui-sa, 
one  may  confuse  the  condition  with  an  infected  congenital  sinius  or  cyst.  In  the 
case  shown  in  Figs.  17  and  IS  the  reverse  error  in  diagnosis  was  at  fii'st  made, 
the  extremely  low,  typhoidal  state  of  the  patient  suggesting  an  ordinar}'-  bedsore. 

Necrosis  of  the  sacrum  or  coccyx  is  easily  excluded  by  the  absence  of  bare 
bone,  as  well  as  by  the  usual  appearance  of  the  openings  which  are  clean  cut/ and 
into  which  the  epithelium 
of  the  skin  seems  to  dip. 
(Fig.  18.)  AMiere  the 
opening  is  an  aberrant 
one,  as  it  is  apt  to  be 
after  the  bui-sting  of  an 
abscess  (Fig.  20)  or  after 
a  previous  incision  for 
abscess  (Fig.  21).  the 
original  median  depres- 
sion or  dimple  in  the 
usual  site  may  often  be 
found. 

Tuberculosis  and  syph- 
ilis are  excluded  by  the 
usual  methods,  and  by 
the  fact  that  a  smgle 
lesion  at  this  site,  unless 
due  to  diseased  bone,  is 
rarely  obser^'ed. 

Fistula  in  ano  is  easUy 
excluded  by  the  non-fetid  character  of  the  cUscharge.  by  the  direction  followed 
by  the  smus,  and  by  the  fact  that  it  never  terminates  just  beneath  the  rectal 
wall  as  a  blind  external  fistula  does. 

In  bedsores  that  occiu-  in  this  region,  in  patients  suffering  from  some  pro- 
tracted and  exhausting  disease,  it  is  well  to  bear  in  mind  the  possibUity  of  a 
pre-existing  cyst  or  sinus  which  has  become  infected.  The  clean-cut  character 
of  the  opening  and  the  firm,  well-defined  wall  of  the  sac  or  sinus  are  features 
which  contrast  strongly  T\-ith  the  flabby,  necrotic  subcutaneous  fat  and  imder- 
mined  skin  of  a  bedsore. 

Treatmext. — Thorough  excision  of  the  wall  of  the  sinus  or  cyst  should  be 
done  to  prevent  recurrence.  Simple  as  this  treatment  is.  it  is  smprising  how 
many  cases  are  inefficiently  treated  by  incision  and  drainage,  the  pecuhar  charac- 
ter of  the  lining  membrane  of  the  sinus  or  cyst  causing  recurrence  of  abscesses 
or  a  persistent  suppurating  tract. 

An  elliptical  excision  should  be  made  aroimd  all  sinus  openings  and  the  dis- 
section should  be  carried  through  the  normal  subcutaneous  fat,  well  outside  the 
lining  membrane  of  the  sinus.     In  its  deeper  parts  this  lining  membrane  Hes  in 


Fig.  is. — Sacro-Coccygeal  Sinuses.  Xote  two  distinct  openings 
in  the  skin,  and  their  position  about  two  and  a  half  inches  above 
the  margin  of  the  anus.  (Photograph  of  the  ease  shown  in  Fig.  17. 
before  the  incision  was  made.") 
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close  contact  with,  and  is  usually  adherent  to,  the  periosteum  of  the  lower  part 
of  the  sacrum,  and  care  should  be  taken  to  make  its  removal  comjilete.  The 
wound  may  then  be  closed  by  suture,  with  or  without  a  small  rubber-tissue  drain 
inserted  at  the  lower  angle.  It  is  important  that  ample  gauze  pads  should  be 
placed  over  the  wound  and  secured  by  broad  strips  of  adhesive  plaster,  in  order 
to  obliterate  dead  spaces  and  prevent  sliding  or  lifting  of  the  flaps. 

Even  in  suppurative  cases  it  is  often  possible  to  obtain  healing  by  primary 
union,  if  the  pus  is  evacuated  and  the  cavity  thoroughly  swabbed  first  with  pure 
carbolic  acid  and  then  with  alcohol  or  peroxide  of  hydrogen,  before  the  dissection 
of  the  sac  wall  is  undertaken.     If,  for  any  reason,  complete  excision  of  the  sac 

wall  is  found  to  be  impracticable,  the 
cavity  should  be  laid  widely  open,  curetted, 
swabbed  with  pure  carbolic  acid  and  alco- 
hol to  insure  destruction  of  the  sac  wall, 
and  then  packed  with  sterile  gauze.  Re- 
currence does' not  take  place  if  the  plan  of 
completely  excising  the  sac  or  the  sinus 
wall,  or  of  destroying  it  thoroughly,  is 
strictly  followed. 

Incised  Wounds. — Incised  wounds  of 
the  pelvic  and  gluteal  regions  differ  in  no 
way,  as  regards  symptoms  and  treatment, 
from  those  of  other  parts  of  the  body, 
except  when  they  involve  viscera,  vessels, 
or  nerves — e.g.,  wounds  penetrating  into 
the  pelvis  through  the  sacro-sciatic  or  ob- 
turator foramina  or  alongside  the  rectum  in 
the  ischio-rectal  region. 

The  things  of  chief  importance  are 
these:  Examine  carefully  in  order  to  as- 
certain whether  any  injury  has  been  in- 
flicted upon  the  rectum,  the  bladder,  or 
one  of  the  important  blood-vessels  or 
nerves;  observe  strict  asepsis;  and  pro- 
vide very  free  drainage,  especially  where  there  is  danger  of  infection  in  the 
intrapelvic  connective-tissue  planes.  Injury  to  the  gluteal  artery,  with  resulting 
ha^matoma  or  a  traumatic  aneurism,  is  of  special  moment,  and  will  be  more  fully 
described. 

Injuries  and  Diseases  of  the  Iliac  Vessels. — Injuries  and  aneurisms  of  the 
common,  external,  and  internal  iliac  vessels,  although  of  great  importance,  need 
not  be  considered  here,  as  they  will  be  fully  described  in  the  special  article  on 
*' Wounds  and  Diseases  of  the  Heart  and  Blood-vessels."  We  shall  therefore  con- 
sider here  only  those  branches  which  supply  chiefly  the  pelvic  and  gluteal  regions. 
Injuries  of  the  Gluteal  Artery. — Injuries  of  the  gluteal  artery  are  of  compara- 
tively infrequent  occurrence,  owing  to  its  deep  situation,  but  they  are  of  great 


Fig.  19. —  Several  Sacro-Coccygeal  Si- 
nuses in  a  Man  tliirty-two  years  of  age. 
Tlie  drawing,  which  is  a  copy  of  a  photo- 
graph, shows  four  distinct  openings,  all  lead- 
ing to  one  suppurating  tract.  This  tract  was 
excised  in  its  entirety  under  ether  anaesthesia. 
(Original.) 
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practical  inipoitanec  on  account  of  the  serious  consequences  which  frequently 
follow.  The  aitcn-  leaves  the  pelvis  thiouuh  the  great  sacro-sciatic  foramen, 
above  the  pyriformis  niusclc,  immediately  at'tci'  its  origin  from  the  posterior 
division  of  the  internal  iliac  Sometimes  its  inferior  branch  lies  below  the 
pyriformis  in  the  foramen,  l)ut  more  frequently  its  di\'ision  occurs  after  the 
vessel  has  emerged  above  the  muscle. 

Among  the  different  causes  of  injury  may  be  mentioned:  stab  wounds,  gun- 
shot wounds,  fracture  of  the  pehis,  and  subcutaneous  rupture  from  a  severe 
fall,   from  a  l:)low.  or  from  the  kick  of  a  horse  or  man,  without  fracture. 


Fig.  20. 


Fig.  21. 


Fig.  20. — Saccro-Coccygeal  Sinus  in  a  ilan  twenty-four  years  of  age.  The  drawing,  which  is  a 
copy  of  a  photograph,  shows  the  liealed  opening  of  the  original  sinus  in  the  median  line,  and  to  the 
right,  but  somewhat  higher  up,  the  opening  of  a  still  suppvu-ating  sinus.      (Original.) 

Fig.  21. — Sacro-Coccygeal  Sinus  in  the  Case  of  a  Man  fifty-two  years  of  age.  The  drawing,  which 
is  a  copy  of  a  photograph,  shows  the  external  opening  through  which  the  abscess  cUscharged  its  con- 
tents: tiie  site  of  the  original  fovea  cannot  be  recognized.  The  entire  fistulous  tract  was  excised  imder 
cocaine  analgesia.      (Original.) 

Traumatic  Aneurism  of  the  Gluteal  Arteiy. — Of  the  cases  repoited  in  the 
literature,  about  two-thirds  have  resulted  in  late  traumatic  aneurism,  or  in  an 
immediate  false  aneurism  with,  diffuse  ha^matoma  beneath  the  gluteal  muscles. 
The  ha>matoma  may  become  very  large,  causing  swelling  of  the  thigh,  pressure 
on  the  sciatic  nenT  \\'ith  its  associated  pain,  and  interference  ^ith  locomotion. 
Pulsation  and  a  thrill  or  murmur  may  be  present.  The  patient  may  actually 
bleed  to  death  in  this  way,  if  prompt  and  effectual  ligation  of  the  wounded  vessel 
is  neglected;  or  he  may  die  from  sepsis  if  the  ha^matoma  ruptiu'es  and  the  ca\dty 
becomes  infected.  False  aneurism  has  been  mistaken  for  simple  abscess,  and 
an  incision  made  with  the  expectation  of  evacuating  pus  has  been  followed  by 
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severe  hemorrhage.  Punctured  wounds  of  the  artery  may  be  followed  by  appar- 
ent healing,  and  then,  after  weeks  or  months,  a  true  traumatic  aneurism  develops. 
Fatal  secondary  hemorrhage  may  occur  from  such  an  aneurism. 

If  both  artery  and  vein  are  wounded  an  arterio-venous  ancnirism  may 
develop. 

Erosion  of  the  artery  in  the  wall  of  a  tuberculous  abscess,  with  severe  bleeding 
on  evacuation  of  the  abscess,  has  been  observed. 

Diagnosis. — In  the  case  of  a  wound  in  the  region  of  the  great  sacro-sciatic 
foramen,  injury  of  the  gluteal  artery  should  be  suspected  whenever  there  is 
severe  bleeding,  or  when,  at  some  later  date,  secondary  hemorrhages  develop. 
Such  an  injury  should  also  be  suspected  if,  after  a  kick,  a  fall,  or  a  contusion,  a 
swelling  makes  its  appearance  in  the  buttock  and  upper  part  of  the  thigh,  whether 
pulsation,  a  thrill  or  a  murmur  can  be  detected  in  the  swelling  or  not.  If  the 
case  is  seen  for  the  first  time  after  the  swelling  has  developed  and  after  the  sus- 
picion of  an  abscess  has  already  arisen,  it  is  well  not  to  overlook  the  possibility 
of  a  hsematoma  or  a  false  aneurism,  the  result  of  an  injury  inflicted  upon  the 
gluteal  artery.  The  sudden  enlargement  of  a  cold  abscess  in  this  region  is  also 
significant  of  the  possible  erosion  of  the  artery,  or  of  one  of  its  branches,  with 
hemorrhage  into  the  abscess. 

Treatment. — When  the  injuries  are  of  recent  date  and  a  suspicion  has  arisen 
that  the  gluteal  artery  is  damaged,  the  wound  should  be  freely  enlarged  by  an 
incision  along  a  line  drawn  from  the  posterior  superior  iliac  spine  to  the  trochan- 
ter. The  fibres  of  the  gluteus  maximus  should  then  be  separated  and  strongly 
retracted,  and  the  artery  should  be  exposed  to  view  as  it  emerges  from  the  fora- 
men. A  double  ligature  of  catgut  should  be  placed  around  the  vessel  on  each 
side  of  the  bleeding  point ;  or,  if  this  is  impossible,  clamps  may  be  applied  and 
left  in  place  for  forty-eight  hours  or  longer.  The  introduction  of  a  sterile  gauze 
tampon  may  be  found  necessary  if  the  patient  is  in  poor  condition,  if  the  bleeding 
is  profuse,  and  if  the  bleeding  point  cannot  be  easily  identified.  A  short  incision, 
which  extended  into  the  peritoneal  cavity,  has  been  made  through  the  rectus 
muscle,  and  digital  compression  has  been  successfully  applied  to  the  common 
iliac  or  the  aorta  as  an  aid  to  the  ligation.  Exceptionally,  it  may  be  necessary 
to  perform  transperitoneal  ligation  of  the  internal  iliac  itself,  especially  in  cases 
where  a  large  hsematoma  or  a  false  aneurism  has  been  incised  inadvertently, 
and  when  identification  of  the  bleeding  point  in  the  wound  is  impossible.  Under 
these  circumstances  a  temporary  tamponade  is  employed  while  the  iliac  vessel 
is  being  secured. 

Spontaneous  Aneurism  of  the  Gluteal  Artery. — Spontaneous  aneurism  of  the 
gluteal  artery  is  also  of  rare  occurrence,  but  some  thirty  or  more  cases  have  been 
collected  from  the  literature.  It  is  probable  that  many  of  these  cases  are  really 
traumatic,  and  that  a  subcutaneous  injury  from  a  blow,  a  fall,  or  a  kick  is  the 
real  cause.  In  other  cases  the  cause  is  undoubtedly  disease  of  the  arterial  walls, 
as  in  spontaneous  aneurism  elsewhere. 

Symptoms. — ^The  symptoms  and  signs  of  gluteal  aneurism  are  the  appearance 
of  a  fluctuating,  pulsating  swelling  in  the  gluteal  region,  with  sometimes  a  thrill 
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or  murmur:  i)ain  localizrel  over  tlu'  swelling  or  radiating  down  the  sciatic  nerve; 
and  interfermrc  with  the  functinn  of  tlic  liml). 

Diagnosis. — Dift'erentiation  must  be  made  from  an  abscess,  a  c^'st,  or  a  soft 
l)ulsating  sarcoma.  Pulsation,  murmur,  and  thrill  may  all  be  absent  in  aneurism, 
if  it  is  of  small  size,  if  it  has  vit}-  thick  walls,  or  if  the  overlying  soft  parts  are 
very  thick:  and  fluctuation  may  be  simulated  by  the  thick  gluteal  muscles  and 
overlying  fat.  The  aneurism,  especially  if  it  be  of  the  spontaneous  form,  may 
project  some  distance  into  the  jjclvi.-.  thrcjugh  the  foramen. 

Progxosis. — As  in  aneurism  elsewhere,  a  spontaneous  cure  occasionally 
takes  place:  or  the  aneurism  may  remain  stationary  in  size  or  may  increase  very 
slowly.  Often,  however,  the  increase  in  size  continues  imtil  rupture,  with  severe 
hemorrhage,  occurs.  The  false  aneurism  or  the  haematoma  may  run  a  rapidl}- 
fatal  coui'se  in  the  absence  of  proper  surgical  interv^ention. 

Treatment. — The  treatment  of  gluteal  aneurism  consists  in  exposure  of  the 
sac  and  the  ligation  (both  proximal  and  distaL  of  the  main  artery,  if  possible, 
and  of  any  branches  that  enter  the  sac.  Or  the  sac  may  be  laid  freely  open  and 
the  clot  evacuated  imder  compression  of  the  aorta  or  the  common  iliac  through 
an  opening  in  the  peritoneum:  after  which  the  vessels  should  either  be  hgated 
or  closed  by  suture  according  to  the  method  of  Matas.  If.  for  any  reason,  it  be 
found  im|)ossible  to  expose  the  gluteal  artery,  or  if  the  examination  per  rectum 
or  per  vaginam  shows  that  the  aneurism  extends  into  the  pelvis,  it  may  be  neces- 
sar\'  to  proceed  directly  to  extra-peritoneal  or  transperitoneal  ligation  of  the 
internal  iliac.  This  operation,  however,  has  been  attended  by  a  considerable 
mortality  about  forty  per  cent  of  published  cases)  and  should  be  avoided  if 
possible. 

Technique  of  the  Operation  of  Ligating  the  Gluteal  Artery. — The  patient 
lies  on  the  face  or  well  over  on  one  side,  the  thigh  being  rotated  inward.  An 
incision,  from  12  to  15  cm.  in  length,  is  then  made  on  a  line  drawn  from 
the  posterior  superior  spine  of  the  iliimi  to  the  upper  border  of  the  trochanter 
major,  the  centre  of  the  incision  being  at  the  junction  of  the  upper  and  middle 
thirds  of  this  line.  After  the  skin  and  the  superficial  fascia  have  been  di^dded. 
the  gluteus  maximiis  is  split  in  the  line  of  its  fibres  and  strongly  retracted,  thus 
exposing  the  pyriformis  and  gluteus  medius  muscles  and  also,  in  most  cases, 
large  crural  branches  of  the  artery.  The  pyriformis  and  gluteus  medius  are 
separated,  and  the  gluteal  artery  is  thus  brought  into  view  as  it  emerges  from  the 
great  sacro-sciatic  foramen  above  the  pyiiformis.  It  is  ligated  as  near  the  fora- 
men as  possible,  as  it  sometimes  di^ddes  into  its  two  branches  (superficial  and 
deep)  close  to  the  point  of  exit  or  even  inside  the  pehis.  Care  should  be  taken 
to  avoid  including  the  supeiior  gluteal  nerve  in  the  ligature.  The  ligation  may 
be  greatly  facilitated  by  transperitoneal  compression  of  the  common  iHac. 

Injury  or  Traumatic  Aneurism  of  the  Sciatic  Artery. — Injuries  or  traitmatic 
aneurisms  of  the  sciatic  aiteiy  are  less  freciiient  than  those  of  the  gluteal.  The 
arteiy  arises  from  the  anterior  branch  of  the  internal  iliac  and  emerges  from  the 
great  sacro-sciatic  foramen  below  the  pyiiformis  muscle.  According  to  Fischer, 
aneurism  of  the  gluteal  arterv  is  three  and  a  half  times  more  frequent  than  an- 
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eurism  of  the  sciatic  artery.  In  some  cases  it  has  been  impossible  to  tell  which 
vessel  was  affected,  and  in  others  both  have  been  involved  in  the  same  aneurism. 
The  symptoms,  diagnosis,  and  prognosis  are  practically  the  same  as  for  the 
gluteal  artery. 

The  treatment  consists  in  ligation  through  a  gluteal  incision.  The  details  are 
as  follows : — 

Technique  of  Ligating  the  Sciatic  Artery. — A  line  is  drawn  from  the  posterior 
superior  spine  of  the  ilium  to  the  outer  part  of  the  tuberosity  of  the  ischium. 
The  point  of  exit  of  the  artery  is  at  the  junction  of  the  lower  and  middle  thirds 
of  this  line.  An  incision  from  10  to  12  cm.  in  length  is  made  parallel  to  the 
fibres  of  the  gluteus  maximus,  its  centre  being  at  the  above-mentioned  point. 
The  fibres  of  the  gluteus  maximus  are  strongly  retracted,  the  spine  of  the  ischium 
and  the  lower  border  of  the  pyriformis  are  identified,  and  the  artery  is  found 
lying  posteriorly  and  externally  to  the  internal  pudic,  as  it  emerges  from  the 
great  sacro-sciatic  foramen  below  the  pyriformis  muscle  in  company  with  the 
bundle  of  sciatic  nerves.  The  nerves  must  be  carefully  avoided  in  placing  the 
ligatures.     Ligation  of  the  internal  or  common  iliac  may  be  found  necessary. 

Injuries  or  Traumatic  Aneurism  of  the  Internal  Pudic  Artery. — Injuries  of 
this  artery  are  of  comparatively  rare  occurrence;  they  are  produced  by  the  same 
causes  as  those  which  are  responsible  for  the  injuries  to  the  gluteal  and  sciatic 
arteries.  Fractures  of  the  ischium  or  its  ramus  are  among  the  more  frequent 
causes.  So  far  as  the  peripheral  part  of  the  artery  is  concerned  it  is  apt  to  be 
injured  when  the  perineum  is  w^ounded. 

AATien  the  artery  is  injured  in  the  region  of  the  great  sacro-sciatic  foramen, 
the  symptoms  and  treatment  are  practically  the  same  as  when  the  sciatic  artery 
is  the  part  injured,  and  the  operation  for  the  exposure  of  the  latter  artery  is  the 
same  as  that  which  is  required  for  the  exposure  of  the  internal  pudic.  The  im- 
portant point  is  to  remember  the  course  of  this  artery  after  it  emerges  from  the 
great  sacro-sciatic  foramen.  It  passes  below  the  pyriformis  muscle,  crosses  the 
spine  of  the  ischium,  and  re-enters  the  pelvis  through  the  lesser  sacro-sciatic 
foramen. 

If  the  wound  or  the  aneurism  is  in  the  peripheral  part,  where  the  artery  passes 
forw-ard,  in  close  proximity  to  the  ramus  of  the  ischium,  to  the  perineum,  it  is 
best  approached  through  a  perineal  incision  along  the  ramus,  with  the  patient 
in  the  lithotomy  position.     (Vide  Vol.  IV.,  p.  512.) 

Injuries  or  Traumatic  Aneurism  of  the  Obturator  Artery. — The  obturator 
artery  may  be  injured  by  fractures  of  the  pelvis,  especially  those  involving  the 
horizontal  ramus  of  the  pubis  and  the  margin  of  the  obturator  foramen;  by  stab 
or  gunshot  wounds,  especially  those  which  affect  the  artery  after  its  exit  from 
the  pelvis ;  and  by  wounds  accidentally  inflicted  in  the  course  of  surgical  opera- 
tions— those,  for  example,  for  obturator  hernia. 

Aneurism  of  the  obturator  artery,  either  traumatic  or  spontaneous,  is  of  rare 
occurrence.  A  significant  symptom  is  obturator  neuralgia,  due  to  pressure  on 
the  nerve. 

The  vessel  may  be  exposed  for  ligature,  at  its  exit  from  the  pelvis,  by  an 
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incision  which  cxtcmls  from  the  inner  third  of  Poupart's  Hgament  in  a  downward 
direction,  and  divides  skin,  fascia  lata,  and  the  sheath  of  the  pectineus.  The 
operator  should  be  careful  to  avoid  wounding  the  internal  saphenous  and  femoral 
veins.  To  get  them  out  of  harm's  way  they  should  be  pulled  outward.  The 
obturator  externus  muscle  is  exposed  to  view  when  the  pectineus  is  retracted 
inward.  To  expose  to  view  the  obturator  vessels  and  nerve  in  their  groove  at 
the  upper  margin  of  the  obturator  foramen  it  is  necessary  to  divide  the  sheath 
of  the  obturator  externus  and  to  retract  its  upper  border  downward.  To 
expose  the  artery  in  its  course  in  the  pelvis,  the  extraperitoneal  or  the  trans- 
peritoneal incisions  employed  in  exposing  the  iliac  vessels,  will  have  to  be  made. 
(Vide  Vol.  IV.,  p.  507.) 

Abscess  of  the  Gluteal  Region. — Abscesses  of  the  gluteal  region  may  arise 
from  many  different  sources,  both  extrapelvic  and  intrapelvic. 

Furunculosis  is  common  in  this  region  and  particularly  distressing;  but  it 
presents  no  other  features  that  call  for  special  comment  here. 

Cellulitis  and  lymphangitis  occur  in  most  cases  as  extensions  from  ischio- 
rectal infections,  but  they  may  also  develop  from  a  variety  of  other  sources. 

Deep-seated  gluteal  abscesses  may  be  due  to  osteomyelitis,  to  sacro-iliac 
disease,  to  intrapelvic  suppuration  which  has  extended  through  one  or  the  other 
of  the  sacro-sciatic  foramina,  to  pyaemia,  etc.  Careful  rectal  or  vaginal  exami- 
nation, for  the  purpose  of  determining  the  possibility  of  intrapelvic  disease, 
should  not  be  omitted.  The  x-ray  is  of  use  in  detecting  or  excluding  disease  of 
the  bone. 

Cold  abscess  in  the  gluteal  region  is  very  common  and  is  frequently  due  to 
sacro-iliac  disease,  but  may  arise  from  disease  of  the  spine,  hip,  sacrum, 
or  ilium. 

The  treatment  is  that  of  the  cause,  if  it  can  be  located,  and  of  abscess  in 
general.  A  word  of  caution  against  the  possibility  of  mistaking  traumatic 
aneurism  of  the  gluteal  artery  for  abscess  is  perhaps  not  amiss  at  this  point. 

Diseases  of  the  Pelvic  Bursas. — The  bursEe  of  the  pelvic  and  gluteal  regions, 
especially  the  subcutaneous  group,  vary  both  as  regards  their  number  and  as 
regards  their  size;  the  occupation  of  the  individual  appearing,  in  many  instances, 
to  exert  an  influence — as  in  the  case  of  the  bursa  subcutanea  trochanterica  in 
hand-organ  players,  in  that  of  the  bursa  subcutanea  sacralis  in  chimney  sweeps, 
in  that  of  the  bursa  spinas  iliacse  in  weavers,  etc.  The  principal  sites  in  which 
these  inconstant  subcutaneous  bursae  occur,  are:^ 

(1)  Over  the  lower  sacral  and  coccygeal  region.  (According  to  Luschka,  the 
bursa  in  this  locality  has  a  diameter  of  from  1.5  cm.  to  2.5  cm.) 

(2)  Over  the  great  trochanter.     (Waldeyer.) 

(3)  Over  the  anterior  iliac  spine. 

(4)  Occasionally  subcutaneous  bursae  are  found  over  the  tuber  ischii. 

The  writer  has  seen  a  large  subcutaneous  sacral  bursa. become  infected  and 
slough  in  a  case  of  prolonged  decubitus  from  chronic  rheumatism. 

The  superficial  bursse  mentioned  above  are  of  surgical  importance  only  if, 
as  a  result  of  an  irritation  of  some  kind,  they  become  the  seat  of  an  acute  or 
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chronic  bursitis,  or  if,  in  consequence  of  a  contusion,  a  haematoma  forms  in  the 
sac. 

Of  the  deeper  bursse,  that  between  the  gluteus  maximus  and  the  trochanter 
major  is  one  of  the  largest  in  the  human  body.  The  most  common  affection  of 
this  bursa  is  a  chronic  hygroma  (e.g.,  occupation  bursitis,  as  in  organ  grinders). 
The  swelling  is  sometimes  very  large,  cases  having  been  reported  in  which  it 
reached  downward  to  the  middle  of  the  thigh,  or  upward  to  the  iliac  crest. 
(Chassaignac.)  Tuberculous  bursitis  in  this  site  is  rare,  but  has  been  ol> 
served.  (Wieting.)  Another  bursa  lies  between  the  gluteus  maximus  and  the 
tuber  ischii.  To  enumerate  by  name  all  of  the  deep  bursse  which  lie  between 
muscles,  tendons,  ligaments,  and  bony  surfaces,  would  require  much  space,  as 
the  list  is  a  formidable  one.  Special  mention,  however,  should  be  made  of  the 
bursa  subiliaca,  which  lies  between  the  ilio-psoas  tendon,  the  hip-joint,  and  the 
horizontal  ramus  of  the  pubes.  This  bursa  extends  down  as  far  as  the 
trochanter  minor,  and  usually  communicates  with  the  hip  joint.  Many  cases  of 
bursitis  subiliaca  have  been  reported.  They  vary  much  in  type:  simple  acute 
bursitis  (hygroma),  chronic  bursitis  (hygroma),  gonorrhceal  bursitis,  tubercu- 
lous bursitis,  syphilitic  bursitis,  etc.  On  account  of  the  fact  that  the  bursa 
subiliaca  frequently  communicates  with  the  hip- joint,  the  treatment  of  inflam- 
mation of  this  bursa  is  of  special  importance,  and  every  precaution  against 
secondary  infection  of  the  joint  must  be  observed.  In  general,  the  bursse 
are  liable  to  the  following  diseases : — 

Acute  bursitis,  inflammation  with  serous  effusion  (hygroma) ;  chronic  inflam- 
mation, or  chronic  hygroma;  tuberculous  inflammation;  syphilitic  inflamma- 
tion;  gonorrhcEal  inflammation;    suppurative  inflammation;  hgematoma. 

The  tuberculous,  syphilitic,  and  gonorrhoeal  forms  of  bursitis  are  quite  rare. 
Haematoma  is  caused  by  bleeding  into  the  bursal  sac,  the  result  of  a  contusion 
or  of  some  other  injury.  Suppurative  bursitis  (or  acute  abscess)  may  arise  from 
infection  of  the  sac  in  the  course  of  any  of  the  above  types  of  inflammation. 

Treatment. — Inflammation  of  the  bursa  subiliaca  may  be  effectively  treated 
in  the  following  manner : — 

A  vertical  incision  is  made  from  Poupart's  ligament  in  a  downward  direction, 
between  the  femoral  artery  and  the  anterior  crural  nerve.  Then  the  ilio-psoas 
muscle  is  pulled  to  one  side  or  its  fibres  are  split  apart  until  the  sac  is  exposed  to 
view.  The  sac  wall  should  be  completely  excised,  if  possible,  and  then  the 
wound  should  be  closed.  If  this  is  not  feasible,  the  sac  wall  should  be  destroyed 
by  other  means  {e.g.,  by  curetting,  or  by  the  use  of  carbolic  acid  and  alcohol) 
and  ample  provision  for  drainage  should  be  supplied. 

Bursitis  trochanterica  may  involve  one  or  more  of  several  different  bursse — 
e.g.,  the  subcutaneous,  subfascial,  the  anterior  or  posterior  bursae  of  the  gluteus 
medius,  etc.  The  type  is  most  often  that  of  an  acute  or  a  chronic  hygroma,  and 
many  cases  have  been  reported. 

The  treatment  of  this  form  of  bursitis,  as  wtII  as  the  bursal  inflammations  in 
the  region  of  the  tuber  ischii  and  other  sites,  is  the  same  as  that  already  described 
for  inflammation  of  the  subiliac  bursa. 
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Tumors  of  the  Gluteal  Region. — Except  for  the  congenital  forms  which  have 
already  been  described,  tumors  of  the  soft  parts  of  the  pelvic  and  gluteal 
regions  differ  very  little  from  those  found  in  other  parts  of  the  body.  Nearly 
all  of  the  various  forms  of  benign  and  malignant  growths  are  occasionally 
met  with. 

Lipomata  and  fihro-li'pomata  of  the  pendulous  type  occasionally  spring  from 
the  buttock  and  they  sometimes  attain  an  enormous  size;  but  in  other  respects 
they  have  the  same  characteristics  as  the  lipomata  encountered  elsewhere  in  the 
body. 

Lym-phangioma  and  angioma  are  occasionally  seen  in  the  gluteal  region;  they 
extend  upward  from  the  lower  limb. 

Elephantiasis  may  affect  the  gluteal  region. 

Sarcoma  rarely  originates  in  the  soft  parts  of  the  gluteal  region.  Out  of  one 
hundred  and  twenty-seven  cases  collected  by  Tillmanns  there  were  only  eleven 
in  which  this  occurred;   in  the  remainder  the  disease  originated  in  bone. 

Carcinoma  or  epithelioma  occurs  very  rarely  or  not  at  all  in  the  gluteal  region 
except  as  a  secondary  growth. 

Other  forms  of  tumor  may  occur  in  this  region,  but  they  call  for  no  detailed 
description. 

Neuralgias  of  the  Pelvic  and  Gluteal  Regions. — Pain  in  the  area  of  distribu- 
tion of  the  nerves  of  the  pelvic  and  gluteal  regions  may  be  traced  to  many  causes. 
It  may  be  due  to  a  wound  or  contusion  or  other  trauma  of  the  sacral  plexus  or 
its  branches,  or  to  pressure  exerted  by  a  tumor,  an  aneurism,  a  callus,  a  misplaced 
fragment  of  bone,  or  an  inflammatory  exudate.  It  may  be  secondary  to  an 
inflammation  of  one  of  the  pelvic  bones  or  one  of  the  joints,  or  to  some  affection 
of  the  male  or  female  generative  organs;  it  may  also  result  from  one  of  the 
various  constitutional  conditions,  as  anaemia,  malaria,  rheumatism,  syphilis, 
arteriosclerosis,  diabetes,  a  severe  cold,  habitual  constipation,  etc.  Venous 
hypersemia,  producing  pressure  on  nerves  that  pass  through  osseous  or  fibro- 
osseous  canals  or  foramina,  is  one  of  those  causes  of  neuralgia  in  general  to  which 
many  observers  attach  great  importance.  Such  venous  congestion  of  the  pelvic 
and  gluteal  regions  is  of  very  common  occ^irrence,  for  many  different  reasons, 
and  may  be  of  considerable  importance  as  an  etiological  factor  in  the  neuralgias 
of  this  region. 

Coccygodynia. — Coccygodynia  is  the  term  applied  to  a  painful  neurosis  that 
affects  the  ano-coccygeal  branches  of  the  coccygeal  plexus.  Such  a  neurosis 
may  be  caused  by  an  injury  or  by  disease  involving  the  coccyx  or  the  neighboring 
ligaments  or  soft  parts;  it  may  develop  secondarily  to  disease  of  the  rectum  or 
the  female  generative  organs;  or  it  may  occur  as  a  pure  neurosis.  It  occurs  most 
frequently  in  women,  especially  after  injuries  associated  with  child-birth.  Trauma 
— as,  for  example,  difficult  labor,  a  fall  on  the  buttocks,  an  injury  inflicted  by 
horseback  riding,  the  passage  of  hardened  faeces,  etc. — is  the  most  frequent  cause. 
The  injury  done  to  the  bone  may  be  an  actual  fracture  or  it  may  be  simply  a 
"contusion;  one  of  the  sacro-coccygeal  or  intercoccygeal  joints  may  be  dislocated; 
or  there  may  be  tearing,  laceration,  or  contusion  of  the  adjacent  ligaments  or 
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soft  parts.  In  falls  upon  the  cocc3'X  the  force  is  applied  from  behind,  and  the 
bone  is  forced  forward  or  the  posterior  ligaments  are  injured,  while  in  difficult 
labor  the  opposite  is  true.  Fracture  or  luxation  may  be  followed  by  union  of 
the  parts  while  in  a  faulty  position,  the  lower  fragment  sometimes  projecting 
forward  almost  at  right  angles  toward  the  rectum,  in  which  case  defecation  is 
especially  painful;  or  the  displacement  may  be  backward,  so  that,  when  ankylo- 
sis occurs,  the  rigid  coccyx  projects  directly  downward  from  the  sacrum,  and  the 
patient  then  feels  as  though  sitting  on  a  nail.  Again,  healing  may  be  accom- 
panied by  abnormal  mobility,  or  a  false  joint  may  be  formed;  in  which  case 
the  pain  will  be  due  to  this  rather  than  to  ankylosis . 

In  many  cases  of  traumatic  origin,  in  which  the  neuralgia  is  decidedly  severe, 
no  injury  to  the  bone  or  joints  can  be  detected.  Under  these  circumstances  we 
are  forced  to  assume  that  the  injury  was  originally  inflicted  upon  the  ligaments 
or  other  soft  parts,  and  that  these  injured  places  have  imperfectly  healed  or  are 
still  the  seats  of  painful  cicatrices. 

Pain  simulating  coccygodynia  may  be  secondary  to  an  inflammation  either 
of  the  coccyx  itself  (caries  or  necrosis)  or  of  some  neighboring  structure  (such, 
for  example,  as  a  fissure  or  an  abscess  of  the  rectum,  inflamed  hemorrhoids, 
inflammation  of  the  uterus  or  adnexa,  etc.).  In  these  cases  the  cause  can  usually 
be  discovered  by  careful  examination  and  the  symptoms  relieved  by  appropriate 
treatment  of  the  primary  condition. 

There  are  many  cases,  however,  in  which  no  history  of  trauma  or  other  cause 
can  be  found,  and  which  must  therefore  be  looked  upon  as  true  neuroses. 
Thus,  Simpson  has  reported  a  case  in  which  the  pain  followed  exposure  to  cold 
from  prolonged  sitting  on  damp  ground;  and  there  can  be  no  reasonable  doubt 
that  rheumatic  changes  in  the  coccyx  or  its  joints  is  a  possible  explanation  of 
the  pain  in  some  of  these  cases.  Again,  in  the  so-called  idiopathic  cases  the  pain 
may  be  the  result  of  slight  unnoticed  trauma,  especially  when  the  person  affected 
is  a  hypersensitive  woman  of  neurotic  tendency.  (Tillmanns.)  Cases  have 
been  reported  in  which  there  existed  an  abnormal  mobility  between  the  first  and 
the  second  coccygeal  vertebrae,  and  a  subsequent  examination  showed  that  the 
intervertebral  disc  was  thickened  and  displaced;  and  yet  the  patient  gave  no 
history  of  either  childbirth  or  trauma.  (Hirst.)  After  due  allowance  is  made 
for  all  those  possible  lesions  there  still  remain  a  considerable  number  of  cases 
which  must  be  regarded  as  pure  neuroses,  and  in  which  the  most  careful  exam- 
ination reveals  no  cause  for  the  persistent  pain. 

Symptoms. — The  chief  symptom  is  pain,  which  is  especially  felt  on  sitting 
down,  on  rising  from  the  sitting  posture,  and  on  defecation.  To  avoid  strain 
on  the  coccygeal  muscles  and  ligaments,  patients,  when  they  rise,  place  their 
hands  on  the  chair  or  seat,  and,  in  a  stooping  posture,  they  push  them- 
selves up. 

Sleep  may  be  disturbed  by  pain  caused  by  some  movement  which  thrown  a 
strain  upon  the  coccygeal  ligaments.  Defecation  may  be  painful  and  difficult 
and  the  after-pain  severe.  The  pain  may  be  increased  at  the  time  of  the  men- 
strual period  and  be  slight  or  absent  in  the  interval.     It  may  disappear  for  a 
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period  of  several  iiioiiths  and  t!u'ii  rcapiH'ai  with  increased  severity.     The  course 
is  chronic,  the  pain  olU-n  ])crsisting  in  varying  degree  for  months  or  years. 

DL\t:xosis. — The  chagnosis,  as  a  rule,  is  not  difficult.  Palpation,  with  a 
finger  in  the  rectum  and  the  thunil)  making  counter-pressure  on  the  outside, 
enables  one  thoroughly  to  examine  the  coccyx  and  to  detect  an  ununited  fracture 
or  union  in  malposition;  an  unreduced  dislocation;  abnormal  mobility;  in- 
flammatory swelling,  or  simply  tenderness  on  pressure  without  other  changes. 
Careful  examination  of  the  rectum  itself  and  of  the  pelvic  organs  must  not  be 
neglected. 

Prognosis. — The  prognosis  is  good.  The  milder  cases  often  recover  spon- 
taneously in  a  few  weeks  or  months,  while  in  other  cases  recovery  takes  place 
only  after  the  proper  treatment  has  been  employed  or  after  the  removal  of  some 
discoverable  cause.  Finally,  the  most  obstinate  cases  rarely  fail  to  be  cured 
by  extirpation  of  the  coccyx. 

Treatment. — The  fii-st  and  most  important  thing  needed  is  to  treat  properly, 
or  to  remove  radically,  any  condition  to  which  the  coccygodynia  may  be  due, 
as,  for  example:  a  fissure  in  ano,  a  perirectal  inflammatory  process,  an  existing 
disease  of  one  of  the  female  generative  organs,  etc.  Constitutional  treatment 
for  anaemia,  lues,  or  neurasthenia,  or  psychic  treatment  for  hj'steria,  may  be 
indicated. 

Local  antiphlogistics,  rectal  irrigations,  and  antineuralgic  or  sedative  medi- 
cation, if  carefully  employed,  ma}^  prove  of  benefit.  Electricity  and  massage 
applied,  l^oth  externally  and  per  rectum,  have  effected  cures.  In  the  early  stages, 
conservative  treatment  should  be  given  a  fair  trial,  unless  the  pain  is  especially 
severe  or  unless  there  is  demonstrable  injury  to  the  bone  or  the  joints. 

Excision  of  the  coccyx  was  first  performed  by  Nott,  of  ^lobile,  Ala.,  in  1832. 
Later,  it  was  taken  up  b}^  Simpson,  whose  careful  studies  of  the  disease  are  well 
known,  and  afterward  by  many  other  surgeons;  and  at  the  present  time  it  is 
recognized  as  the  best  method  of  treatment  for  all  obstinate  cases. 

Technic|ue  of  the  Operation. — A  median  incision  is  made  over  the  coccyx, 
from  tip  to  base,  and  is  carried  down  to  the  bone.  The  soft  parts  are  freed  on 
all  sides  vrith.  scalpel  or  periosteal  elevator,  especial  care  being  taken,  on  the 
anterior  aspect,  not  to  injure  the  rectum,  and  disarticulation  is  effected  at  the 
sacro-coccygeal  joint.  The  wound  is  closed  by  sutures,  with  or  -without  a  small 
drain  at  the  lower  angle;  or,  if  necrosis  or  suppuration  be  present,  it  is  allowed  to 
heal  by  granulation.  A  cure  is  practically  certain  after  this  procedure.  Either 
general  or  local  angesthesia  may  be  used. 

Subcutaneous  division  of  the  muscles  and  ligaments  attached  to  the  coccyx 
laterally  has  been  practised  by  several  surgeons,  but  the  procedure  is  neither  so 
safe  nor  so  surely  effective  as  the  open  operation.  The  formation  of  an  extensive 
hiematoma  and  failure  to  cure  the  pain  have  both  been  observed  after  this 
procedure. 

Sciatica. — The  most  common  of  the  neuralgias  of  the  branches  of  the  sacral 
or  lumbar  plexuses,  with  the  possible  exception  of  lumbago,  is  sciatica  or  pain 
in  the  great  sciatic  nerve  and  its  distribution. 
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Etiology. — Sciatic  pain  may  be  traced  to  a  great  variety  of  causes.  Among 
them  may  be  mentioned  the  following: — trauma,  with  direct  lesion  of,  or  pressure 
upon,  the  nerve  either  in  its  peripheral  distribution  or  in  its  course  through  the 
vertebral  canal,  an  inflammatoiy  process  in  some  neighboring  structure  {e.g.,  one 
of  the  pelvic  bones,  the  sacro-iliac  joint,  or  one  of  the  pelvic  organs);  pressure 
from  a  tumor,  an  aneurism,  a  callus,  the  gra\i(l  uterus,  uterine  fibnjids,  impacted 
fa'ces,  etc.;  some  constitutional  disease,  such  as  rheumatism,  syi)liilis,  diabetes, 
influenza,  etc.  As  examples  of  infrequent  etiological  conditions  there  have  been 
reported  cases  where  the  cause  proved  to  be  a  ha^matoma  which  was  located 
within  the  vertebral  canal  and  which  pressed  on  the  cauda  equina.  In  still  other 
cases  it  was  found  that  the  sciatica  was  caused  by  a  tuberculous  pachymeningitis 
in  the  region  of  the  cauda,  the  inflammation  having  developed  secondarily  to 
sacro-iliac  disease.  The  neuralgia  may  be  due  to  general  neurasthenia  or  to 
hysteria,  or  it  may  be  a  symptom  of  a  lesion  of  the  central  nen-ous  system.  The 
writer  has  observed  a  case  in  which  pain  in  the  distribution  of  both  sciatic  nerves, 
without  other  symptoms,  persisted  for  months,  finally  proving  to  be  due  to  a 
metastatic  tumor  of  the  brain,  secondary  to  carcinoma  of  the  breast.  After 
all  of  these  possible  etiological  factors  have  been  excluded,  there  still  remain  a 
considerable  percentage  of  cases  in  which  no  cause  can  be  found,  and  in  which 
the  affection  must  be  considered  a  pure  neuralgia. 

Sy-MPTo.ms. — The  chief  symptom  is  pain  in  the  distribution  of  the  sciatic 
nerve, — a  pain  which  varies  in  severity  arid  constancy,  and  which  is  sometimes 
combined  with  disturbances  of  sensation — e.g.,  para?sthesia?,  such  as  a  feeling  of 
cold,  prickhng,  numbness,  etc.  The  pain  is  usually  increased  by  moving  the 
limb.  The  characteristic  points  of  tenderness  on  pressure  are:  (1)  at  the  exit 
of  the  nerv^e  from  the  great  sacro-sciatic  foramen ;  (2)  at  the  lower  border  of  the 
gluteus  maximus;  (3)  in  the  popliteal  space;  (4)  behind  the  head  of  the  fibula; 
and  (5)  at  the  external  malleolus.  In  cases  of  long  duration,  in  which  the 
affected  limb  becomes  weakened,  various  other  changes  may  be  observed:  there 
is  usually  muscular  atrophy;  contractures  may  develop,  with  limitation  of 
motion ;  and  there  may  be  lateral  scoliosis  due  to  the  effort  to  favor  the  affected 
limb.  The  character  of  the  scoliosis  varies,  the  curvature  being  sometimes 
toward,  sometimes  away  from,  the  affected  limb. 

DiAGXosis. — The  diagnosis  is  made  from  the  localization  of  the  pain,  from 
the  characteristic  painful  pressure  points,  and  by  excluding  the  various  condi- 
tions, already  mentioned,  which  may  cause  pain  in  the  sciatic  distribution — i.e., 
by  examining  for  disease  of  the  pelvic  bones  or  joints,  for  tumors,  for  inflamma- 
tory exudates,  etc.,  which  may  cause  pressure  upon  the  nen^e,  and  also  for 
processes  within  the  vertebral  canal,  especially  those  affecting  the  cauda  equina. 
Hip  disease  and  spondylitis  must  also  be  borne  in  mind. 

A  diagnostic  sign  of  some  value  is  that  known  as  "Lascgue's  phenomenon." 
The  test  is  made  in  the  following  manner:  When  the  knee  is  flexed,  motion  in 
the  hip-joint  is  painless,  but  if  the  knee  is  extended  and  the  thigh  is  strongly 
flexed,  so  as  to  put  the  nerve  on  the  stretch,  severe  pain  is  caused  along  its  course 
and  especially  at  its  exit  from  the  great  sacro-sciatic  notch.     Another  test,  which 
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is  known  as  the  "crossed  sciatic  pheiioinrnoii."'  or  the  Fajei"sztajns  sign,  is  to 
Hft  the  sound  hnili  [i.e..  the  hnih  on  the  side  opposite  to  tliat  on  \\iiich  the  sciatica 
exists),  with  knee  extended,  high  in  the  air:  hy  wliicli  procedure  pain  is  produced 
over  the  exit  of  the  sciatic  nerve  on  the  opi)ositf  or  affected  side.  This  phe- 
nomenon is  explained  by  the  fact  that  traction  of  the  nerve  on  the  sound  side 
exerts  a  pull,  through  the  dura  of  the  cord,  on  the  roots  of  the  affected  nerve. 

A  differential  diagnosis  is  to  be  made  from  hip  disease,  from  hip-joint  neu- 
roses, from  ilio-sacral  disease,  from  spond3'litis,  from  psoas  abscess,  from  muscular 
rheumatism,  and  from  i)ain  due  to  the  pressure  of  a  tumor,  an  aneurism,  or  an 
inflammatory  exudate.  A  careful  rectal  or  vaginal  examination  should  always 
be  made,  by  digital  manipulation,  to  exclude  anything  al:)nonnal  in  the  pehds, 
either  in  the  vicinity  of  the  roots  of  the  nerve  or  in  other  parts. 

Sometimes  sciatica  is  very  accurately  simulated  by  malingerers,  even  to  the 
typical  tender  pressure-points.  A  careful  examination,  as  indicated  above, 
together  with  electric  muscle  tests  and  measurements  for  atrophy  (which  is 
almost  invariably  present  in  prolonged  cases),  will  generally  make  it  possible  to 
reach  a  correct  conclusion. 

Trk\tmext. — The  treatment  of  sciatica  is  at  first  medical.  Constitutional 
affections  such  as  rheumatism,  sypliilis,  and  malaria  must  be  relieved,  constipa- 
tion must  be  overcome,  and  general  supporting  and  hygienic  treatment  should 
be  employed.  Absolute  rest  in  bed,  combined  with  the  use  of  warm  baths,  hot 
packs,  and  the  local  application  of  heat  by  poultices,  by  hot-water  bags,  or  by 
electric  heating  pads,  is  often  beneficial,  ^lud  baths,  sun  baths,  and,  in  the 
later  stages,  electricity  and  massage  may  be  tried.  Baking  in  hot-air  apparatus 
has  sometimes  proved  very  effective.  Antineuralgic  medication,  especially  by 
means  of  the  salicylates,  aspirin,  or  the  antipyrin  group  of  coal-tar  products, 
is  sometimes  effective.  Hypodennic  injections  of  antipyrin,  and,  more  recently. 
of  alcohol  (seventy  to  eighty  per  cent),  into  the  trunk  of  the  nerve,  have  been 
tried  T\ith  varying  results. 

Bloodless  stretching  of  the  nerve  by  flexion  of  the  thigh  with  the  knee  ex- 
tended has  been  used  with  good  effect,  either  alone  or  combined  T^ith  some  of 
the  measures  already  mentioned. 

Intraspinal  injections  of  cocaine  have  been  claimed  by  several  writers  to  effect 
a  permanent  cure,  or  at  least  to  afford  temporary'  relief,  of  the  pain.  High- 
frecjuency  electrical  currents  and  the  violet  rays  may  be  used  as  in  other  neural- 
gias. The  galvanic  current,  interrupted  at  stated  intervals  by  the  method  of 
Le  Due.  is  also  ad\1sed.*  If  medical  and  non-operative  measures  fail  to  give 
rehef,  open  operation  and  nerve-stretching  should  be  resoited  to.  ^ 

The  technique  of  stretching  the  nerve  is  as  follows: — The  patient  is  turned  on 
his  face  or  well  over  on  one  side,  and  a  vertical  incision,  about  10  cm.  in  length, 
is  made  midway  between  the  tuberosity  of  the  ischium  and  the  great  trochanter, 
with  its  centre  at  the  gluteal  fold.  After  the  skin  and  fascia  have  been  incised, 
the  lower  border  of  the  gluteus  maximus  is  retracted  upward,  and  the  nerve  is 
found  hing  along  the  outer  border  of  the  biceps  and  slightly  beneath  it.     It 

*See  Le  Due's  article  in  La  Presse  Medicale,  1907,  xv.,  129. 
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^^h()ll!(l  In-  grasped  between  tl)e  tliunih  and  forefinger  and  stretched  by  pulling 
in  both  directions,  peripheral!}-  and  centrally,  until  it  drops  back  distinctly 
relaxed.  It  is  estimated  that  the  nerve  can  safely  bear  a  pull  of  thiity  pounds. 
To  the  stretching  may  be  added  direct  injection  of  various  remedial  solutions 
(from  seventy  to  eighty  per  cent  of  alcohol,  one  per  cent  cocaine  solution,  five 
per  cent  antipyrin  solution,  or  a  one-half  per  cent  to  two  per  cent  solution  of 
osmic  acid)  into  the  trunk  of  the  nerve. 

In  certain  intractable  cases  exposure  of  the  nerve  at  its  exit  from  the  great 
sacro-sciatic  foramen  is  advised.  The  steps  of  thi.s  j^rocedure  are  as  follows: — 
An  oblique  incision  is  made  from  the  posterior  inferior  iliac  spine  co  the  posterior 
margin  of  the  great  trochanter;  and  the  fibres  of  the  gluteus  maximus  are  sep- 
arated in  the  line  of  the  incision,  thus  exposing  the  pyriformis  muscle  as  it 
emerges  from  the  great  sacro-sciatic  foramen.  The  nen^e  lies  at  the  lower  border 
of  this  muscle,  resting  on  the  sacro-sciatic  ligaments.  Traction  is  made  upon  it 
at  this  point  and  the  finger  is  swept  around  it  at  its  point  of  exit  from  the  pelvis, 
to  make  sure  that  there  is  no  pressure  and  that  no  adhesions  exist  at  that  point. 
Then,  by  passing  the  finger  on  through  the  foramen,  palpation  of  the  sacral  nerve 
roots  can  be  made  nearly  or  c^uite  as  far  up  as  their  point  of  exit  from  the  anterior 
sacral  foramina.  The  more  radical  procedure  of  opening  the  sacral  portion  of 
the  vertebral  canal  for  direct  examination  of  the  sacral  nerve  roots  has  been  done, 
but  it  should  be  reserv^ed  for  cases  in  which  there  is  direct  e\'idence  of  an  intra- 
spinal lesion. 

Obturator  Neuralgia. — Neuralgia  in  the  upper  and  inner  part  of  the  thigh,  in 
the  distribution  of  the  obturator  nerv^e,  is  usually  due  to  pressure  on  the  ner\'e 
at  or  near  the  obturator  foramen.  It  is  of  especial  unportance  as  a  symptom  of 
obturator  hernia,  but  may  also  be  caused  by  a  fracture,  by  a  tumor,  by  an 
aneurism  of  the  obturator  artery,  by  an  inflammatoiy  exudate,  or  by  disease  of 
one  of  the  neighboring  bones.  It  rarely  occurs  as  a  pure  neuralgia,  and  its  treat- 
ment consists  chiefly  in  the  search  for,  and  relief  of,  the  primary  cause. 

Neuralgia  of  the  Symphysis  Pubis. — This  form  of  neuralgia,  in  which  the 
pain  radiates  out  toward  the  inguinal  regions,  is  occasionally  observed,  but  is 
usually  due  to  actual  disease,  injury,  or  abnormal  mobility  of  the  symphysis 
itself  or  of  the  adjoining  bones. 

Neuralgia  of  the  Internal  Pudic  Nerve. — ^This  variety  of  neuralgia  is  observed, 
in  women,  chiefly  in  connection  with  displacements  or  disease  of  the  generative 
organs,  while  in  men  it  is  associated  with  disease  of  the  bladder,  the  prostate,  or 
the  seminal  vesicles.  Its  treatment  is  that  of  the  exciting  cause.  Di\dsion  of 
the  internal  pudic  ner\'e  has  been  advised  in  intractable  cases. 
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Ischaemic  Myositis,  or  Volkmann's  Contracture. — This  serious  condition  is 
seen  iisualiy  following  a  fracture,  most  often  at  the  elbow  or  forearm.  Because 
of  the  use  of  too  tight  bandages  for  the  reduction  of  the  fracture,  or  l3y  reason 
of  a  rupture  or  thrombosis  of  the  blood-vessels  occurring  at  the  time  of  injury 
or  exposure  to  cold,  the  blood-supply  of  the  flexor  muscles  of  the  forearm  is 
impeded  to  such  a  degree  that  there  results  a  profound  ischsemia  of  these  struc- 
tures. This  leads  to  then-  marked  shortening,  \\ith  flexion  of  the  carpus  and 
fingers  and  '^Ith  some  h}i3erextension  at  the  metacarpo-phalangeal  joints.  In 
many  cases  the  nerves  are  involved  as  well,  either  primarily  or  secondarilv. 
This  causes  motor  and  trophic  changes,  such  as  temperature  disturbances  and 
ulcerations  on  fingers  and  hand.  A  majority  of  the  cases  have  occurred  in 
cliikh'en  or  youths. 

Once  established,  this  condition  is  extremely  hard  to  remedy.  The  methods 
of  treatment  advised  are  of  two  sorts:  (1)  mechanical,  and  (2)  operative.  In 
the  first  method  the  muscles  are  gradually  stretched  by  specially  fitted  and 
adjusted  splints  of  tin,  wliich  are  applied  first  at  the  fingers  and  are  then  grad- 
ually extended  above  the  wrist  to  the  elbow.  The  extended  position  thus 
gained  is  maintained  until  all  tendency  to  contract  has  disappeared.  This  pro- 
cedure should  be  combined  with  massage,  electricity,  and  Zander  exercises. 
The  second  method,  wiiich  calls  for  an  operation  at  tlie  seat  of  the  contracture, 
aims  at  freeing  and  separating  the  muscles,  and  pays  special  attention  to  freeing 
all  nerves  involved.  If  possible,  these  neixes  should  be  displaced  to  some 
smooth  fascial  space  or  plane.  Other  operators,  finding  it  impossible,  in  the 
more  severe  cases,  to  overcome  the  defonnity  by  these  means,  have  resected  a 
sufficient  portion  of  the  forearm  bones  to  allow  extension  of  the  wrist  and  hand. 

"WTiatever  method  be  used  the  outlook  is  onh^  relatively  good.  Function 
ma}^  be  somewhat  impro^-ed,  but  only  in  the  milder  cases  can  any  approach 
to  a  complete  restoration  of  it  lie  hoped  for.  It  is  therefore  of  the  greatest  im- 
portance to  insist  that  in  all  injuries  to  the  extremities,  especialty  fractures, 

*  The  purpose  of  the  present  article  is  not.  as  one  might  infer  from  the  title  adopted,  to 
ftimish  a  comprehensive  discussion  of  all  the  surgical  diseases  and  injuries  to  which  the  upper 
and  lower  extremities  are  liable,  but  simply  to  treat  of  those  minor  disorders  which  do  not  fall 
under  any  of  the  headings  which  hare  been  adopted  in  the  previous  volmues  of  this  series,  or  to 
which  onlv  a  casual  reference  has  been  made  bv  the  writers  of  the  different  articles. — The  Editors. 
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the  first  (Ircssinu'  sIkhiM  iu-\rr  interfere  with  the  circulation,  ('ai'cful  watch 
shouhl  he  kept,  ami,  upon  the  apjiearance  of  any  evidence  of  bluenoss  in  the 
fingei's  (for  instance,  after  the  appHcation  of  ai)ijaratus  for  a  fracture  of  the 
(>lbow).  the  (h'essings  should  immetHately  be  loosened.  After  the  first  dressing 
good  circuhition  should  l)e  maintained  by  frequent  massage  and  passive  motion. 
Ossifjdng  Myositis. — There  are  three  types  of  this  disease:  (1)  myositis 
ossificans  i)rogressiva;  (2)  ossification  due  to  constant  irritation,  such  as  the 
"cavalry-man's  thigh":   and  (3)  myositis  ossificans  traumatica. 

In  the  hrst  tv])e  the  pi'ocess  is  an  infiammator}^  one  involving  whole  mus- 
cles, and  taking  origin  in  the  connective  tissue.     The  process  may  stop  in  the 

fibrous  stage,  but,  as  a  rule,  calcifi- 
cation and  ossification  take  place. 
Apparently  the  heteroplastic  bone 
fomiation  is  a  product  of  the 
connective  tissue,  the  muscle  being 
involved  only  secondarily.  The 
etiology  is  unknown,  and  the 
disease  is  c|uite  rare. 

The  second  and  third  types  are 
of  greater  interest  to  surgeons. 
Here  the  process  is  a  localized 
one,  and  always  of  traumatic 
origin.  The  l)iceps  and  brachialis 
nnticus  of  the  arm,  and  the  c|uad- 
ricei)s  and  adductors  of  the  thigh, 
arc  the  most  common  sites  of  the 
honj  grow1;hs.  In  the  arm  the 
commonest  cause  is  a  previous 
l^ackward  dislocation  at  the  elbow. 
(Fig.  22.) 

There  is  still  considerable  dis- 
cussion as  to  the  origin  of  the 
n(>w-formed  bone.  In  a  recent 
article*  Simmons  states  that  the 
most  generally  accepted  methods 
of  origin  are:  (1)  that  a  bit  of 
periosteum  is  torn  off  at  the  time  of  the  injury,  and,  becoming  misplaced,  con- 
tinues to  form  bone;  or  (2)  that,  also  as  a  result  of  trauma,  the  fibrous 
connective  tissue,  or  even  the  muscle  fibres  themselves,  undergo  retrograde 
changes  which  result  in  Iwne-like  formation.  This  last  method  depends  on 
the  now  known  pathological  fact  that,  when  the  necrotic  tissue  of  an  inflam- 
matoiy  focus  is  not  absorbed,  it  usually  becomes  calcified,  and  this  deposit  of 
calcium  favors  the  formation  of  osteoid  tissue. 

*  Simmons,  C.  C:    "Myositis  Ossificans  of  the  Brachialis  Amicus,"  in  Boston  Med.  and 
Surg.  Jour.,  1909,  p.  548. 


Tui.  _'_'.-  liadiograj ill  of  O.ssifird  Afcii  iu  tlic  'iCiiddi) 
of  the  Brachialis  Anticiis  Mii.^ele.  Complete  recovery 
followed  operative  removal.  (Patient  of  Dr.  C.  C. 
Simmon.s.) 
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When  .syinptoins  exist  they  are  those  of  mechanical  disability,  or  of  pressure 
on  nerves. 

Knowin^i-  the  i)ossibility  of  such  a  condition,  the  surgeon  will  find  it  easy  to 
make  tiie  diagnosis  with  the  aid  of  th(>  .r-ray. 

The  treatment,  in  those  cases  which  show  disabling  symptoms,  is  excision. 
In  other  instances,  even  when  a  bone  tumor  may  be  shown  to  be  present,  delay 
should  be  the  rule,  for  such  deposits  have  been  known  subsequently  to  becoiru; 
alisorbed.  In  any  event,  operation  should  be  d(>layed  for  a  reasonable  time  or 
until  the  tumor  has  ceased  to  gro\A';  if  the  symptoms  demand  early  operation, 
a  sufficient  margin  of  healthy  tissue  should  also  be  excised  in  order  to  prevent 
recurrence  by  extension.  With  these  precautions,  operation  will  be  followed  by 
relief  of  the  condition. 

Chronic  X-Ray  Dermatitis ;  X-Ray  Burns  and  X-Ray  Carcinoma. — A  very 
important  as  well  as  unfortunate  result  of  the  use  of  the  .r-ray  is  the  occur- 
rence of  dermatitis  in  those  parts  of  the  body  which  are  exposed  to  its  action. 
This  is  not  at  all  infrequent  among  those  working  constantly  with  the  rays, 
and  in  many  instances  it  causes  great  disfigurement  of  the  hands  as  well  as 
great  discomfort.  Moreover,  this  process  may  go  on  to  the  formation  of  ulcer- 
ated areas  which  are  exceedingly  painful,  and  which,  if  allowed  to  persist,  may 
become  the  seat  of  epithelial  cancer. 

The  clinical  appearance  of  these  chronic  .x-ray  dermatoses  suggests  a  prema- 
ture and  extreme  senility  of  the  skin.  Microscopic  examination  also  shows 
the  most  extraordinary  changes,  always  of  a  degenerative  character,  unequalled 
in  their  severity  and  chronicity  by  the  effects  of  any  other  agent.  The  skin, 
usually  over  the  backs  of  the  hands,  forehead,  etc.,  becomes  dry,  eczematous, 
and  atrophic,  and  is  frequently  accompanied  by  the  formation  of  telangiectases 
and  by  atrophy  of  the  sweat  glands.  (Figs.  23  and  24.)  Among  the 
other  changes  noted  may  be  mentioned  the  appearance  of  keratoses,  warts, 
and  fissures.  The  nails  are  atrophied,  dry,  irregular,  and  striated  in  a  longi- 
tudinal direction,  or  they  are  sometimes  lost.  Sooner  or  later,  often  as  a  result 
of  some  slight  trauma,  though  not  necessarily  so,  there  occurs  an  ulcer  which 
is  exceedingly  painful.  In  some  cases  there  appears  to  be  an  almost  complete 
vasomotor  paralysis,  the  tissues  becoming  remarkably  vascular.  Frequently 
small  hemorrhages  occur  in  the  skin,  and  these  are  often  the  starting  points  of 
subsequent  ulcerations. 

Treatment. — For  the  atrophic  conditions  of  the  skin  and  the  telangiectases, 
nothing  can  be  done.  Hypertrophic,  changes,  keratoses,  and  warts  may  be  safely 
treated  in  the  usual  manner.  Quite  recently  there  have  been  several  instances 
of  the  successful  use  of  liquid  air  for  these  lesions.  If  such  treatment  fails, 
excision,  with  or  without  skin  grafting,  will  probably  relieve  the  pain  and 
result  in  a  cure. 

Too  much  emphasis  cannot  be  laid  on  the  great  danger  of  all  persistent 
x-ray  ulcerations,  especially  those  which  have  followed,  after  a  few  years' 
interval,  the  chronic  skin  lesions  of  the  early  operators.  In  a  paper  published 
in  the  Annals  of  Surgery  for  November,  1907,  attention  is  called  to  the  not 
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infrequent  occurrence  of  ej)i(lei'ni()i(l  cancel'  in  such  persistent  ulcerated  areas. 
In  a  more  recent  collectictn  *  tiiere  are  leathered  the  records  of  forty-seven 
cases  of  undoubted  carcinoma,  of  which  nine  (twenty-five  per  cent)  have  been 
already  fatal.  In  all  of  these,  except  two,  death  was  clearly  due  either  to  a 
failure  to  recognize,  sufficiently  early,  the  malignant  nature  of  the  ulceration, 
or  to  refusal  on  the  part  of  the  patient  to  jx^rmit  adequate  operation.  In  two 
of  them — multiple  epitheliomata  of  the  body — it  is  hard  to  say  whether  proper 
treatment  would  have  brought  about  a  cure.  In  view  of  these  fatal  cases,  and 
of  the  success  which  has  attended  early  operation  and  skin-grafting,  we  think 
such  treatment  should  be  unhesitatingly  employed  at  an  early  stage  of  all 
persistent  x-ray  ulcerations. 

Technique  of  Excision  and  Skin-Graf  ting. — Before  the  ulcer  is  excised  a 
tourni(juet  should  be  api)Iie(l,  if  ^jossible,  because*  much  of  the  work  must  be 


Fig.  23. — Hand  of  A'-ray  Operator  Showing  Telangiectases  and  Keratoses,  with  Marked  Senility 
of  the  Skin.  The  results  of  several  amputations  and  skin  graftings  for  areas  which  had  become  can- 
cerous are  well  illustrated.      (Original.) 


done  with  great  care,  especially  when  dealing  with  a  susj^icious  ulceration  over 
an  aponeurosis  or  tendon  sheath.  After  the  lesion  has  been  excised,  firm  press- 
ure should  be  made  for  ten  minutes  by  means  of  gauze  applied  to  the  raw 
surface,  and  the  hand  should  then  be  exposed  to  the  air  and  held  aloft.  No 
grafts  should  be  applied  until  all  bleeding  has  ceased.  So  far  as  possible,  an 
attempt  should  be  made  to  bevel  the  edges  of  the  wound,  after  the  granula- 
tions have  been  shaved  off,  in  order  to  get  a  smooth  surface.  The  base  of  the 
wound  is  next  examined  for  vascularity,  as  upon  this  depends,  in  some  measure, 
the  thickness  of  the  graft  which  should  be  used.  While  a  thick  graft,  if  it 
attaches  itself  successfully,  is  most  desirable,  healing  may  undoubtedlj''  be 
jeopardized  by  attempting  to  place  a  thick  graft  upon  a  very  small  spot  or  upon 
one  where  the  tissues  are  as  comparatively  bloodless  as  on  the  backs  of  the  fin- 
gers. Under  such  conditions,  therefore,  thinner  grafts  should  be  used.  In  oper- 
ating on  the  hand,  the  whole  forearm  should  be  fixed  by  adhesive  plaster  to  a 

*"The  Surgical  Treatment  of  A'-Ray  Carcinoma  and   Other  Severe  A'-Ray  Lesions,"  by 
C.  A.  Porter.    Journal  of  Med.  Research,  vol.  xxi.,  No.  .3,  p.  3.57;  October,  1909. 
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wcll-paddetl  palmar  splint,  before  any  of  the  grafts  are  aj^plied.  If  this  plan  is 
adopted,  it  will  not  be  possible  for  a  sudd(>n  movement  of  the  patient  or  of  the 
assistant  to  brush  off  grafts  newly  laid  on.  They  should  be  so  cut  and  arranged 
that  they  do  not  overlap  either  the  edges  of  the  wound  or  each  other.  If  the 
spot  where  the  grafts  are  applied  is  on  the  back  of  the  hand,  they  should  be 
covered  with  a  piece  of  rubber  protective  tissue  which  extends  not  more  than 
one-eighth  of  an  inch  beyond  their  edges ;  if  it  is  located  on  the  fingers,  narrow 
strips  of  this  tissue,  arranged  in  an  imbricated  fashion,  should  encircle  two- 
thirds  of  the  finger.  A  small  pad  of  absorbent  gauze  is  then  placed  over  the 
protective,  and  direct  downward  pressure  lo  applied  by  means  of  a  piece  of 
gauze  or  bandage,  tied  in  a  surgeon's  knot  on  the  palmar  side  of  the  spUnt. 


""^ 

■   ■-' 

FiCx.  24. — Later  View  of  the  Hand  Sho-rni  in  Fig.  23 ;  the  Photograph  was  Taken  a  few  Months 
Later.  Note  the  fact  that  the  area  at  the  base  of  the  middle  finger,  which  in  Fig.  23  was  suspicious, 
has  now  become  definitelj-  epithehomatous.      (Original.) 

This  obviates  the  possibility  of  carrying  the  smaller  grafts  from  left  to  right 
during  the  ordinary  application  of  a  bandage.  Owing  to  the  amount  of  exuda- 
tion which  occurs  immediately  after  operation,  the  grafts  should  not  be  exposed 
at  once  to  the  air,  as  is  customary  in  skin  grafting  under  normal  conditions.  At 
the  end  of  twenty-four  hours,  the  hand  having  been  kept  continuously  elevated 
on  a  pillow,  the  rubber  protective  should  be  carefully  removed.  Longer  delay 
than  this  will  usually  be  followed  by  maceration  of  the  grafts.  At  the  first 
dressing  any  blebs  present  should  be  snipped  open  with  the  scissors  and  their 
contents  gently  expressed.  Any  lateral  movement  of  the  grafts  must  be 
avoided.  All  the  edges  of  the  indi\ddual  graft  should  then  be  greased  ^ith  lan- 
olin or  with  the  following  ointment,  which  has  been  found  less  macerating: 

Benzoinated  lard    1"5  parts 

Lanolin     25 

Ichtliyol     4      " 

Silver  citrate 1  part 
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The  grafts  should  then  he  (MA'crcd  h}^  a  cage  made  cither  of  wire  sf-roon  or 
of  tin  and  allowed  to  dry  exjiosed  to  the  air.  ^^'henever  possible,  this  plan  of 
treatingthe  grafts  should  be  continued  during  the  ensuing  week.  Often,  however, 
the  sensitiveness  and  i)ain.  after  a  half-hour's  exposure,  become  so  great  that  the 
whole  surface  must  be  covered  with  ointment.  Almost  without  exception, 
the  pain  of  these  ulcerated  areas  has  ceased  from  the  time  of  operation. 

Treatment  of  Burns  Following  Exposure  to  the  x-Rays. — In  the  acute  and 
subacute  stage  it  is  advisable  to  delay  interference  until  the  end  result  appears 
to  have  been  attained;  the  only  indication  for  early  operation  is  extreme  pain. 
In  general,  too  early  operation — i.e.,  operation  at  the  end  of  two  or  three 
weeks — is  apt  to  result  in  the  excision  of  too  much  tissue,  whereas  delay  for 
five  or  six  weeks  may  leave  a  wound  in  the  edges  of  which  subsequent  necrosis 
may  occur.  At  the  end  of  three  months,  if  the  pain  can  be  borne  for  this 
length  of  time,  excision,  with  a  margin  of  tissue  extending  an  inch  beyond  the 
periphery  of  the  lesion,  will  be  found  satisfactory.  Immediate  grafting  may 
be  done,  or  one  may  wait  until  granulation  has  established  itself  and  then  resort 
to  the  application  of  a  Thiersch  graft. 

Splinters  and  Nails  in  the  Feet  or  Palms  of  the  Hands;  Blank-Cartridge 
Wounds. — In  deciding  upon  a  proper  course  of  treatment  for  these  common 
injuries  we  are  influenced,  first,  by  the  danger  of  tetanus,  and,  second,  by  that 
of  ordinary  pyogenic  infection.  Until  within  the  pa.st  ten  years,  the  danger  of 
tetanus  from  blank  cartridges  was  not  recognized,  but  recently,  owing  in  a 
great  measure  to  the  agitation  of  the  Journal  of  the  American  Medical  Associa- 
tion, even  the  laity  have  come  to  realize  the  extraordinary  fatality  of  such 
apparently  trivial  injuries.  For  several  years  past,  at  the  larger  hospitals,  all 
of  these  patients  have  been  etherized  and  thoroughly  operated  upon.  The 
same  holds  true,  to  a  certain  degree,  in  the  suburban  towns  in  which  there  hap- 
pen to  be  active  surgeons,  but  there  still  occur  many  accidents  the  victims  of 
w^hich  are  either  treated  at  home  or  at  an  apothecary  shop.  There  can  now 
be  no  doubt  that  the  best  established  surgical  principle  is  that,  in  blank-cart- 
ridge wounds,  the  patient  should  be  etherized,  a  tourniquet  applied,  and  all 
discolored  tissue  thoroughly  excised.  If  a  tendon  sheath  is  opened,  it  should 
be  drained,  and,  if  the  tendon  is  mangled,  the  injured  portion  should  be  ex- 
cised and  sutured.  All  of  the  crannies  of  the  wound  are  to  be  thoroughly  dis- 
infected with  pure  carbolic  acid  followed  by  alcohol,  and  packed  wide  open 
vAth  gauze  and  rubber  protective ;  the  latter  to  be  in  contact  with  the  tendon 
or  its  sheath.  Where  possible,  cultures  should  be  taken.  If  these  prove  to  be 
negative  for  tetanus  bacilli,  and  if  ordinary  infection  is  not  present,  the  wound 
may  be  allow^ed  to  close  quickly.  On  the  other  hand,  if  cultures  are  positive, 
the  wound  should  be  kept  open  and  prophylactic  injections  of  anti-tetanic 
serum  made.  Many  cases  of  this  character  have  been  treated  at  the  Massa- 
chusetts General  Hospital  within  the  last  ten  years,  and,  although  in  two  in- 
stances cultures  have  been  positive  and  no  serum  has  been  given,  not  a  single 
case  of  tetanus  has  developed  after  thorough  surgical  cleaning.  The  question 
as  to  whether  serum  should  be  given  at  the  outset  in  blank-cartridge  wounds 
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nni.'^t  be  di'tenniiu'd  hy  expi'rieiicc.  Certainly  it  would  be  safer  to  use  it  thus 
and  at  suitable  intervals  thereafter  for  a  couple  of  days. 

In  regard  to  wounds  from  rusty  nails  which  have  j^enetrated  deeph'  into  the 
hand  or  the  sole  of  the  foot,  much  the  same  treatment  ajjplies,  although,  as 
the  tissues  are  less  damaged,  the  excision  should  be  less  wide,  and  the  packing 
smaller  in  amount. 

In  relation  to  sphnters,  the  treatment  must  depend  somewhat  upon  sur- 
rounding conditions;  also  upon  one's  capacity  to  do  a  clean  operation  and  not 
divide  important  anatomical  structures.  In  view  of  the  frcfjuently  innocent 
nature  of  this  accident,  it  is  hardly  wise  to  use  anti-tetanic  serum  except  in 
special  instances  of  possible  infection,  and  probably,  if  the  sliver  is  small  and 
if  it  has  not  iK-netrated  too  deeply,  conservative  treatment,  until  infection 
has  developed,  will  be  adequate.  If,  however,  a  nail  or  splinter  has  penetrated 
deeply  into  the  foot  or  into  the  hand,  the  writers  are  convinced  that,  after 
removal  of  the  infecting  agent,  vertical  incisions  and  the  introduction  of  rubber- 
dam  drainage  down  to  the  bottom,  facilitated  b}'  retraction  of  the  borders  of  the 
wound,  will  prove  conservative  treatment  in  the  long  run.  In  no  other  wa}'  can 
the  risk  of  burrowing  infection,  with  subsequent  remedial  mutilation  of  the  hand 
or  foot,  be  avoided.  The  pads  of  fat  in  the  palm  of  the  hand  and  in  the  sole  of 
the  foot  rapidl}^  fill  up  the  wound,  and  a  puncture  through  the  palmar  or 
plantar  fascia  quickly  heals,  lea\dng  the  infection  pent-up  and  ready  to  burrow- 
in  various  directions  and  possibly  without  producing  easily  recognized  signs. 
The  number  of  bad  cases  of  infection  in  the  hand  and  foot  from  this  cause, 
which  go  rapidly  from  bad  to  worse,  is  sufficient  e^idcnce  of  oversight  and  the 
undervalued  significance  of  these  wounds. 

Ingrowing  Toe-Nail. — The  appearance  of  this  common  affection  of  the  nail 
is  so  well  known  as  hardly  to  need  description.  The  disability  brought  about 
by  it  is  great  and.  when  the  condition  is  neglected,  the  amount  of  suffering  is 
very  considerable  and  out  of  all  proportion  to  the  simple  character  of  the  lesion. 
The  treatment  is  of  a  threefold  character — protective,  palliative,  and  radical. 
On  careful  inquiry,  it  will  be  found  that,  in  general,  ingrowing  toe-nails  result 
from  the  attempt  made,  when  the  pain  is  first  felt,  to  cut  away  the  side  of  the 
nail  in  order  to  prevent  pressure.  The  cutting  is  repeated  and  each  time  it  is 
done  farther  and  farther  back,  until  the  sharp  edge  impinges  upon  the  granu- 
lation tissue-. 

In  chiropody  it  should  be  the  rule  always  to  cut  the  big  toe-nail  straight 
across.  Owing  to  tight  shoes  or  to  the  natural  formation  of  the  big  toe,  plus 
local  irritation,  there  frequently  develops  exuberant  flesh,  especially  at  its 
outer  side.  Then  follow,  in  succession,  infection,  maceration,  and,  finally, 
granulation  tissue. 

Palliative  Treatment.— The  palliative  treatment  consists  in  the  adoption  of 
suitable  foot-wear,  in  cleanliness,  and  in  antisepsis.  The  application  of  alco- 
hol and  careful  packing  of  absorbent  cotton  to  push  aside  the  tender  skin, 
until  the  nail  has  had  sufficient  time  to  grow  away  from  the  infected  part,  is 
admirable  treatment.    Exuberant  granulations  mav  be  removed  with  curette 
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Fig.  25. — Incision  through  Nail  and  Nailbed. 
The  matrix  included  between  incisions  is  to  be 
thoroughly  extirpated,  and  the  redundant  tissue  on 
the  inner  side  is  to  be  removed  by  a  wedge-shaped 
excision  carried  down  to  the  bone. 


or  by  cauterization.     Adhesive  plaster,  if  properly  applied,  will  tend  to  keep 
the  pulp  of  the  nail  on  the  plantar  side. 

Operative  Treatment. — In  the  acute  forms,  in  which  marked  infection  is 
present,  the  least  radical  operation  is  evulsion  of  the  nail,  w^hich  may  readily 
be  done  under  cocaine;  the  nail  to  be  split  in  the  middle  with  straight,  sharp 

scissors,  and  the  two  halves  sepa- 
rately evulsed.  The  raw  pulp  is  cov- 
ered with  a  piece  of  rubber  protective 
tissue,  and,  in  a  few  days,  the  patient 
will  be  able  to  walk  with  some  degree 
of  comfort;  and  if,  in  the  meantime, 
the  toe  is  firmly  bandaged,  there 
may  be  no  trouble  upon  subsequent 
growth  of  the  nail.  If,  however,  it 
is  obvious  that  there  is  excess  of 
tissue  on  the  side  of  the  nail,  the 
following  operation  can  be  highly 
recommended.  It  consists  in  carry- 
ing an  incision  ujjward  on  the 
affected  side,  through  the  skin  on 
the  dorsum,  almost  to  the  joint.  (Fig.  25.)  From  a  quarter  to  a  third  of 
the  nail  bed  is  extirpated,  the  nail  having  first  been  divided  parallel  to  its 
long  axis,  and  evulsed.  A  wedge-shaped  piece  of  tissue  is  then  removed  and 
the  lateral  flap  sutured  with  a  few  horse-hair  sutures.  A  piece  of  protective 
is  placed  between  the  flap  and  the  nail  bed.  (Fig.  26.)  This  is  done  under 
a  tourniquet,  and  a  dressing,  with  firm 
pressure,  should  be  applied  before  the 
rubber  tube  is  removed.  If  the  pa- 
tient is  confined  to  bed  or  lounge  for 
a  few  days,  healing  will  be  very  satis- 
factory and  a  recurrence  of  the  con- 
dition rare.  If  the  patient,  however, 
persists  in  walking  about,  heaHng 
may  be  slow,  occupying  from  two  to 
three  weeks. 

Bursitis  Subacromialis,  or  Peri- 
arthritis of  the  Shoulder-Joint. — 
Under  this  heading,  Codman  has 
described  *  a  most  important  lesion 
of  the  shoulder,  one  which  has  been 
but  little  considered.  It  is  from  his  admirable  papers  on  the  subject  that  the 
following  description  is  taken. 

Anatomy. — The  subdeltoid  bursa  and  the  subacromial  bursa  are  usually  one 
and  the  same  thing.     Subacromial  bursa  is  really  the  better  name,  for,  with 
*  Boston  Medical  and  Surgical  Journal,  May  3d,  1906. 


Fig.  26. — Upper  and  Lower  Incisions  loosely 
Secured  with  Horse-hair.  Shaded  portion  repre- 
sents small  piece  of  rubber  tissue  (placed  for  drain- 
age) between  nail  and  inner  flap  and  extending 
down  to  bottom. 
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the  ami  ill  alKliK'tioii,  tlio  whole  bursa  is  suhacroniial.  The  subdeltoid  por- 
tion is  that  part  which,  in  abduction,  lies  beyond  the  edge  of  the  acromion 
under  the  fibres  of  the  deltoid.  The  base  of  the  bursa  is  firmly  attached  to 
the  top  of  the  tuberosity  and  the  tendinous  expansion  of  the  sui)rasi)inatus, 
while  its  roof  is  firmly  attacli(\l  to  the  under  side  of  the  acromion  and  the 
coraco-acromial  ligament.     (Figs.  27  and  28.) 

Motions  of  the  Humerus. — External  rotation  is  tested  ].)y  rotating  the  fore- 
arm outward  while  the  elbow  is  flexed  and  held  to  the  side.  Normally,  the 
axis  of  the  forearm  will  stand  in  th{>  sagittal  i)laiie.  Internal  rotation  is  tested 
in  the  same  way,  but  with  the 
hand  placed  behind  the  l)aek. 
Alxluction  is  accomplished  l^y 
raising  the  arm  from  the  side  of 
the  body  in  the  sagittal  plane. 
Because  of  the  shape  of  the  head 
of  the  humerus,  abduction  in  in- 
ternal rotation  cannot  be  carried 
within  a  considerable  number  of 
degrees  as  high  as  it  can  in  ex- 
ternal rotation.  The  supraspi- 
natus  and  the  deltoid  act  together 
to  accomplish  abduction,  the 
power  of  the  supraspinatus  fur- 
nishing a  fulcrum  for  the  power 
of  the  deltoid.  As  the  lines  of 
force  of  the  two  muscles  ap- 
proach ope  another,  the  deltoid 
is  able  to\  obtain  a  fulcrum  on 
the  glenoids-  Jn  normal  action, 
the  glenoid  beai\  all  the  weight, 
and  the  power  o*^  the  supraspi- 
natus keeps  the- tuberosity  from 
seeking  a  fulcrum  on  the  acro- 
mion and  coraco-iicromial  liga- 
ment. The  fune|io:i  of  the  bursa 
is  to  prevent  friction  at  this  point. 
Soreness  in  the  region  of  the  bursa  or  in  that  of  the  tendinous  insertion  of  the 
supraspinatus,  throws  the  latter  out  of  action,  and  the  deltoid  alone  cannot 
perform  abduction.     (Figs.  29  and  30.) 

Pathology.— The  important  point  in  the  pathology  of  this  affection  is  that 
the  spot  on  the  greater  tuberosity  where  the  tendon  of  the  supraspinatus  is 
usually  found  damaged,  is  the  point  which  acts  as  a  fulcrum  on  the  acromion, 
when  the  supraspinatus  is  not  doing  its  work.  Partial  rupture  at  the  insertion 
of  this  tendon  may  occur  from  muscular  violence  alone,  during  the  period  of 
abduction  when  the  burden  of  overcoming  inertia  is  suddenly  thrown  on  the 


Fig.  27. — Diagram  from  a  Frozen  Section.  (Dr.  E.  A. 
Godman.)  Notice  the  deltoid  and  its  origin  from  tlie  edge 
of  the  acromion.  Notice  also  tlie  subdeltoid  or  subacro- 
mial bursa  with  its  roof  made  by  the  under  surface  of 
the  acromion  and  by  the  fascia  beneath  the  upper  portion 
of  the  deltoid.  Its  base  is  on  the  greater  tuberosity  and 
the  tendon  of  the  supraspinatus,  which  separates  it  like 
an  interarticular  fibrocartilage  from  the  true  joint.  If 
the  surfaces  of  the  bursa  between  the  points  A  and  B 
were  adherent,  it  would  be  impossible  for  the  joinl  to  pass 
into  the  position  shown  in  Fig.  28. 
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supraspinatus.  Unless  this  musclo  is  on  the  qui  vive,  the  j)o\verful  contraction 
of  the  deltoid  tends  to  force  the  tuberosity  to  gain  a  fulcrum  on  the  acromion, 
and  this  jams  the  tendinous  expansion  of  the  supraspinatus  between  the  two 
bones.     (Figs.  31,  32,  and  33.) 

Sympto?ns. — The  clinical  picture  may  fall  under  one  of  the  following  three 
types:  (1)  Acute  or  spasmodic  tyi)e;  (2)  Suljacute  or  adherent  type;  (3)  Chronic 
or  non-adherent  type. 

First  Type. — The  symptoms  of  the  lii'st  or  spasmodic  form  are: — (1)  Local- 
ized tenderness  on  the  point  of  the  shoulder,  just  below  the  acromion  process, 
and  to  the  outer  side  of  the  bicijjital  groove.  (2)  In  a  small  portion  of  the 
cases,  this  tender  jjoint  being  on  the  base  of  the  bursa,  it  will  disappear  beneath 

the  acromion  when  the  arm  is 
abducted.  "When  it  occurs,  this 
sign  is  almost  pathognomonic. 
f3j  AVhen  attempts  at  abduc- 
tion or  external  rotation  are 
made,  the  scapula  is  locked  by 
spasm  after  a  certain  point, 
and  moves  with  the  humeiTis. 
About  ten  degrees  of  motion 
can  always  be  obtained  without 
moving  the  scapula.  In  mild 
cases,  the  spasm  may  Ije  mo- 
ment ar}^  and  occur  only  just  as 
the  tender  point  disappears  be- 
neath the  acromion,  or  just  as 
it  reappears  from  beneath  it  in 
the  descent  of  the  abducted  arm. 
(4)  In  certain  mild,  early  cases 
in  which  there  is  but  little 
spasm,  the  patient  alleges  that  he 
cannot,  unaided,  raise  the  arm  to  an  abducted  position,  but  will  allow  passive 
motion.  Oftentimes  this  is  not  a  real  inability  to  abduct,  and  the  patient 
merely  means  that  he  cannot  raise  the  arm  without  pain.  This  pain  is  prob- 
ably caused  by  the  unwillingness — if  we  may  use  such  a  term — of  the  supra- 
spinatus to  start  the  pull  on  its  sensitive  tendon,  (o)  Pain  is  felt  in  the 
region  of  the  point  of  the  shoulder  or  down  the  outer  side  of  the  arm,  even  ex- 
tending into  the  hand.  Pain  at  the  insertion  of  the  deltoid  may  be  the  only 
symptom.  At  night  discomfort  and  pain  are  particularly  annoying,  and  the 
patient  cannot  sleep  on  the  side  of  the  lesion.  (6)  Occasionally  effusion  in  the 
bursa  is  demonstrable,  and  frequently  puffiness  is  felt  upon  palpation. 

Second  Type. — In  the  second  type,  adhesions  exist  between  the  roof  and 
the  floor  of  the  bursa,  and  there  is  an  absolute  mechanical  limitation  to  abduc- 
tion and  external  rotation.  There  may  or  may  not  be  active  inflammation  as 
well.     (1)  Localized  tenderness  may  or  may  not   be  present,  according  to  the 


Fig.  28.  —  Tlie  Figure  Ilkistrates  the  Condition 
Found  in  Abduction,  the  Tuberosity  haNTng  Passed 
under  the  Acromion  and  tiie  Point  B  hsLving  Passed  tlie 
Point  A.  The  elastic  deltoid  has  taken  up  the  slack  at 
one  end,  and  the  supraspinatus  at  the  otlier.  It  is  ob\'i- 
ous  that  the  floor  of  the  bursa,  as  it  lies  ou  the  tendon  of 
the  suspraspinatus  and  the  tuberosit}',  must  be  a  smooth, 
even,  rounded  surface.      (From  Dr.  E.  A.  Codman.) 
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degree  of  existing  inflaniination.  In  recent  cases  it  is  usually  present;  in 
old,  quiescent  cases  it  is  absent.  (2)  Since  the  tuberosity  cannot  be  made  to 
pass  under  the  acromion,  the  point  of  slipping  tenderness  is  not  found.  (3)  Al> 
duction  and  external  rotation  of  the  humerus  are  limited  to  a  greater  or  less 
extent,  usually  so  .much  so  that  the  tuberosity  will  not  jjass  Ijeneath  tlie 
acromion.  The  ten  degrees  of  free  motion  in  which  the  function  of  the  bursa 
is  not  called  into  play,  persist;  if  they  do  not,  the  true  joint  is  inv(j]\-ed. 
(4)  Beyond  an  arc  of  about  ten  degrees  the  scapula  accompanies  the  humerus  in 
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Fig.  29. 


Fig.  30. 


Figs.  29  and  30. — Diagrammatic  Sketch  of  a  Horizontal  Section  through  the  Head  of  the  Hu- 
meiais,  to  IncUcate  the  Lateral  Extent  of  the  Bursa,  and  the  Necessity  for  its  Existence  to  Allow  the 
Greater  Tuberosity  to  Rotate  Beneath  the  Deltoid.  Notice  also  how  (Fig.  29)  the  tendon  of  the 
infraspinatus  is  stretched  around  the  head  of  the  bone  in  the  internal  rotation,  and  how  the  tendon  of 
the  subscapularis  is  stretched  around  the  head  in  the  opposite  direction  in  external  rotation.  (Fig.  30.) 
Tliis  stretching  occurs,  not  in  the  tendons  themselves,  wliich  are  verA^  short,  but  in  the  muscles,  which 
by  their  construction  take  up  the  slack  of  the  capsule  of  the  joint.  It  can  be  easily  imagined  how  a 
simultaneous  spasm  of  these  muscles  would  lock  tlie  joint.     (From  Dr.  E.  A.  Codman.) 

all  its  motions,  whether  active  or  passive.  (5)  The  pain  is  often  in  the  same 
distribution  as  in  the  first  type,  and  frequently  occurs  in  the  neck  also.  In 
the  severe  cases  it  closely  resembles  the  pain  of  brachial  neuritis.  In  some 
cases  it  may  prevent  sleep.  In  other  cases  there  may  be  no  pain  whatever. 
(6)  In  severe  cases  there  is  sometimes  inability  completely  to  extend  the  elbow. 
Third  Type.— The  essential  characteristic  of  the  third  form  is  painful  motion, 
but  the  full  arc  of  motion  persists.     The  trouble  is  due  to  slight  irregularities 
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in  the  contour  of  the  ba^^e  of  the  bursa,  usually  at  the  external  side  of  the  bi- 
cipital groove,  so  that  the  motion,  instead  of  being  smooth  and  free,  is  interrupted 
in  its  course  as  the  irregular  point  passes  beneath  the  acromion.  (1)  Local 
tenderness  may  or  may  not  be  present;  it  is  often  absent.  (2)  If  local  tender- 
ness is  present,  the  point  of  slip})ing  tenderness  is  also  found,  for  this  can  pass 
beneath  the  acromion.  (3)  Alxluction  and  external  rotation  are  but  little 
if  at  all  limited,  but  at  some  point  in  abduction  acute  tenderness  is  experienced, 
which  disappears  as  soon  as  the  tulx'rosity  is  safely  beneath  the  acromion.  In 
lowering  the  arm,  this  sensation  is  again  exijerienced.     (4)  The  scapula  does 

not  accompany  the  motions  of 
the  humerus;  the  motions  may 
be  jerky  and  uneven.  (5)  There 
may  be  considerable  pain,  es- 
[jocially  after  use. 

Differeniial  Diagnosis.  — The 
following  are  the  onh'  patho- 
logical conditions  with  which  this 
affection  is  likely  to  be  con- 
fused: tuberculosis  of  the  head 
of  the  himieiTis ;  fractures  of  the 
tuberosity  and  of  the  anatomi- 
cal and  surgical  neck  of  this 
bone:  deep-seated  axillary  ab- 
scess; acromio-clavicular  arthri- 
tis: paralysis  of  the  circumflex 
nerve;  and  inflammation  of  the 
sheath  of  the  biceps  tendon. 
Tuberculosis  of  the  head  of  the  humerus  is  best  differentiated  by  the  use 
of  the  :r-ray.  Besides,  the  atrophy  of  the  muscles  and  the  fixation  are  more 
pronounced,  and  the  ten  degrees  throughout  which  motion  is  always  free  in 
subacromial  bursitis  are  sometimes,  though  not  always,  lost  in  tuberculosis. 
Fractures  of  the  tuberosity  and  of  the  anatomical  and  surgical  neck  might 
be  mistaken  for  this  affection,  but  here  also  the  .x-ray  gives  a  crucial  test. 

When  deep  axillary  abscesses  are  small  and  are  situated  high  up  under  the 
pectoralis  major,  their  most  marked  sjTnptom  is  fixation  of  the  shoulder-joint. 
Careful  examination  will  show,  however,  that  the  point  of  maximum  tenderness 
is  under  the  pectoralis  major  instead  of  at  the  point  of  the  shoulder,  and  an 
examination  high  up  in  the  axilla  reveals  induration. 

Acromio-cla\acular  arthritis  is  differentiated  by  a  decided  thickening  about 
the  articulation  of  the  acromion  with  the  clavicle,  and  by  localized  tenderness 
at  this  point,  but  not  at  the  point  of  the  shoulder. 

Paralysis  of  the  circumflex  nerve  is  quite  rare.  If  present  it  is  made  evident 
by  absence  of  contraction  of  the  fibres  of  the  deltoid,  when  the  effort  to  raise 
the  arm  is  made. 

Inflammation  of  the  sheath  of  the  biceps  tendon  may  be  confused  ^^■ith  a 


Fig.  .31. — Diagram  Showing  Incision  Used  for  Dem- 
onstration of  the  Bursa.  For  enlargenient  of  the  same 
see  Fig.  32.      (From  Dr.  E.  A.  Codman.) 
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subacromial  bursitis,  but  accurate  localization  of  the  pcjint  of  tendcnic's.s,  and 
the  fact  that,  when  the  tendon  sheath  is  involved,  the  ten  degrees  of  painless 
motion  are  lost,  will  usually  be  sufficient  for  the  differentiation. 

Prognosis.— In  the  first  class,  that  of  the  acute  cases,  the  prognosis  is  very 
favorable  if  the  coui-se  of  the  disorder  is  not  interfered  \Aith  by  misdirected 
treatment.  A  middle  course  between  fixation  and  exercise  will  usually  result 
in  a  cure  of  the  condition  in  a  few  weeks.  Too  long  fixation  or  too  violent  ex- 
ercise are  both  to  be  avoided.  The  prognosis  in  the  adherent  tyj)e  of  eases  is  the 
most  serious,  but  it  is  fair  to  say 
that  even  without  treatment  the  dis- 
ability seldom  lasts  over  two  3'ears. 
The  prognosis  in  the  chronic  type  of 
cases  is,  on  the  whole,  good.  The 
symptoms  may  abate  or  may  chsap- 
pear  at  intervals,  to  return  again  after 
several  months.  Some  cases  have  the 
same  elusive  quality  that  is  exhibited 
by  cases  of  fringes  in  the  knee-joint. 
At  times  there  is  no  trouble,  and  again 
a  syno^^tis  of  a  subacute  character 
starts  up  and  the  symptoms  reappear. 

Treatment. — In  treating  the  acute 
cases  there  are  two  incUcations:  the 
patient's  comfort  and  the  prevention 
of  adhesions.  The  position  of  the 
arm  is  of  importance.  The  patient 
may  be  seated  beside  a  table  and  the 
arm  laid  in  abduction  on  a  pillow  on 
the  table.  This  position  relaxes  the 
short  rotators  and  deltoid,  and  allows 
the  tender  point  at  the  base  of  the 
bursa  to  avoid  contact  "^ith  the  tip 
of  the  acromion.  At  night  the  arm 
is  supported  on  a  piUow  placed  with 
its  long  axis  at  right  angles  to  the 
patient's  body  as  he  Hes  on  his  back. 
TMien  the  patient  has  to  be  about,  a 
shng  may  be  used  -^A-ith  the  utmost 
caution.  He  should  be  instructed  occasionally  to  take  his  arm  out  of  the 
shng,  and  let  it  s'^lng  by  his  side,  or,  when  possible,  to  let  it  rest  on  the  table 
or  on  the  arm  of  his  chair.  A  ^'elpeau  bandage  should  never  be  used  for  more 
than  a  day  or  two.  Massage,  apphed  not  to  the  region  of  the  bursa,  but  to  the 
surrounding  muscles,  is  of  value.     Counter-irritants  are  of  little  avail. 

What  has  been  said  in  regard  to  the  treatment  of  the  first  class  of  cases  ap- 
phes  also  to  the  more  acute  cases  of  the  second  class— so  long,  at  least,  as  the 


Fig.  32. — This  Figure  Shows  the  Appearance 
of  an  Incision  into  the  Normal  Bursa.  The  ex- 
tremely thin  superior  layer  of  the  biu-sa  is  caught 
with  sutures  and  the  smooth  shining  base  is 
seen  in  the  middle.  The  base  can  be  moved 
by  rotation  of  the  arm  without  mo\ing  the 
superior  layer.  In  the  lower  portion  of  the 
woimd  is  seen  one  of  the  •'nictitating  folds." 
(From  Dr.  E.  A.  Codman.) 
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adhesions  are  still  more  or  less  plastic.  AMien  they  have  become  organized 
and  firm  we  have  to  deal  with  an  actual  mechanical  impediment  to  motion, 
instead  of  spasm  of  the  neighboring  muscles.  Frequently  both  factors  are  met; 
sometimes  one  predominating,  sometimes  the  other.  In  the  severe  cases  treat- 
ment falls  under  one  of  the  following  three  general  ijlans : — 

A.  Gradual  stretching. 

(1)  Leaving  improvement  to  natural  use. 

(2)  Massage,  passive  and  active  exercises. 

(3)  Manipulations  by  physician  without  ansesthetic. 

(4)  Zander  exercises. 

(5)  Baking,  electric-light  baths,  etc. 

B.  Rupture  under  an  anaesthetic. 

(1)  Manipulation  under  an  anaesthetic  without  incision. 

(2)  Manipulation  followed  by  fixation  in  abduction. 

C.  Division. 

(1)  Incision  into  the  bursa  and  direct  division  of  adhesions. 

(2)  Excision  of  the  subdeltoid  portion  of  the  bursa. 

The  first  group  of  methods,  while  sometimes  adequate,  more  often  is  only 
palliative  and  at  best  merely  shortens  somewhat  the  duration  of  the  disability. 


^  S  u.^Yu.stol'naXvi.s 


n&cTvo^^'xseYS 


Fig.  33. — The  Figure  Illustrates  tlie  Condition  Found  when  the  Tendon  of  the  Supraspinatus 
is  Torn.  The  head  of  the  humerus  is  seen  from  the  outer  side  with  the  tendons  and  portions  of  the 
muscular  beUies  of  the  short  rotators  still  attached  to  it.  There  is  a  small  tear  in  the  tendon  of  the 
supraspinatus  near  its  insertion  on  the  greater  tuberosity.  The  rupture  is  not  complete  because  the 
Y-shaped  expansion  of  the  tendon  still  holds  it  in  fair  position.  As  explained  in  the  text,  this  lesion 
is  at  the  point  where  the  shoulder  is  most  prominent. 

In  the  outline  drawings  (on  the  right)  are  shown,  above,  the  smooth  contour  made  b>'  the  tuberosity 
and  the  overlying  tendon  when  the  condition  is  normal,  and,  below,  the  irregular  contour  found  where 
the  tendon  has  been  ruptured.     (From  Dr.  E.  A.  Codman.) 

In  some  cases  rupture  of  the  adhesions  under  an  anaesthetic  undoubtedly 
shortens  the  period  of  convalescence  by  many  months.  There  are  two  main 
objections  to  it:  it  may  tear  the  normal  joint  structures  more  easily  than  the 
dense  adhesions  in  the  bursa,  and  thus  rupture  the  atrophied  and  stiffened 
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supraspinatiis  or  the  other  ^hort  rotators;  or,  in  those  cases  in  which  the  adhe- 
sions alone  are  ruiiturcMl,  there  is  a  tendency  for  them  to  form  again,  since  the 
soreness  incident  to  manipulation  starts  scapulo-humeral  spasm  once  more 
and  leaves  the  raw  surfaces  in  contact. 

The  third  form  of  treatment — that  of  open  division  of  the  adhesions — is 
carried  out  as  follows: — A\itli  the  elbow  flexed  to  a  right  angle,  and  the  humerus 
at  the  side  in  a  position  midway  between  internal  and  external  rotation,  a  ver- 
tical incision  two  or  three  inches  in  length  is  made  over  the  external  lip  of  the 
bicipital  groove.  Separate  the  fibres  of  the  deltoid  till  the  underlying  cellular 
tissue  is  clearly  exposed.  Lift  up  this  tissue  and  incise  between  forceps,  in  the 
same  manner  as  on  entering  the  peritoneal  ca\dty.  Enlarge  the  incision  and 
clamp  the  edges  of  the  serous  lining  on  each  side.  Holding  these  clamps  as 
retractors,  have  the  assistant  rotate  the  humerus  so  as  to  make  the  base  of  the 
bursa  pass  to  and  fro  beneath  the  incision.  Then  pull  down  hard  on  the  arm 
so  that  air  may  fill  the  subacromial  portion.  A  finger  may  then  be  introduced 
into  the  ca^'ity  of  the  bursa  between  the  tuberosity  and  the  acromion.  All 
adhesions  should  be  freed  either  with  the  finger  or  with  scissors  and  forceps. 
Exostoses  and  roughened  projections  should  be  removed  with  rongeurs.  Drain- 
age should  be  provided  for  by  suturing  the  skin  incision  only.  The  patient 
should  then  be  placed  in  bed  with  the  arm  held  in  abduction  by  strapping  a 
foreami  splint  to  the  head  of  the  bed.     Passive  motions  should  be  begun  early. 

Codman  feels  that,  w^hen  the  pain  is  great,  such  an  operation  will  afford 
decided  relief:  but  that,  where  there  is  no  pain  and  W'here  the  disability  does  not 
interfere  with  the  patient's  occupation,  the  cure  may  be  left  to  time,  assisted 
by  massage,  exercises,  and  manipulations  by  the  physician.  He  sums  up  the 
subject  as  follows: — 

(1)  The  subacromial  bursa  and  the  supraspinatus  muscle  are  of  essential 
value  in  abduction  of  the  aiTii. 

(2)  Lesions  of  the  subacromial  bursa  and  of  the  tendon  of  the  supraspinatus 
are  the  common  causes  of  stiff  and  painful  shoulders. 

(3)  Many  cases  wiiich  pass  under  the  chagnosis  of  contusion  of  the  shoulder, 
neuritis,  periarthritis,  circmnflex  paralysis,  and  muscular  rhemiiatism,  are  in 
reality  due  to  lesions  of  these  structures. 

(4)  The  final  prognosis  of  these  cases  is  good,  but  when  pain  is  severe 
or  disability  is  great,  relief  may  be  obtained  l^y  a  simple  operation  of 
little  danger. 

Ilio-Psoas  or  Subiliac  Bursitis. — The  ilio-psoas  bursa  is  situated  beneath 
the  combined  tendon  of  the  psoas  magnus  and  iliacus  muscles,  and  in  close 
proximity  to  the  anterior  crural  nerve  and  femoral  arteiy  and  vein.  (Fig.  34.) 
It  often  extends  a  short  but  variable  cUstance  above  the  pehic  brim  superi- 
orly, while  inferiorly  it  not  infrequently  communicates  with  the  hip-joint. 
Inflammation  of  this  bursa  is  therefore  of  special  surgical  importance. 

It  may  be  involved  in  osteoarthritic  processes  and  in  suppurative  or  gonor- 
rhoea! infections.    It  may  become  secondarily  involved  in  diseases  of  the  hip-joint. 

Syjnptoms  and  Diagnosis. — A  single  or  double  swelling  may  be  present  at  the 
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top  of  the  thigh  anteriorly,  ^^'h('n  (l()ul)l('  it  is  due  to  an  ciilargeniont  on 
both  sides  of  the  psoas  tendon,  and  fluid  ean  be  pressed  from  one  side  to 
the  other.      Fluctuation  is  usually  jjresent,  but  this  may  not  ai)pear  when  the 

walls  are  too  thick  or  the  tension  within 
the  ])ursal  sac  is  too  great.  Pain,  radi- 
ating to  the  knee,  is  often  severe,  the 
close  relationship  of  the  bursa  to  the  an- 
terior crural  nerve  explaining  how  this 
can  occur  with  only  a  moderate  amount 
of  swelling.  The  thigh  is  held  in  a  posi- 
tion in  which  there  is  the  least  pressure 
on  the  tumor.  This  is  usually  that  of 
moderate  flexion,  abduction,  and  external 
rotation.  The  corresponding  muscles  are 
in  contraction,  so  that  movements  of  the 
hip  are  possible  only  to  a  limited  extent. 
By  keeping  in  mind  the  accurate  loca- 
tion of  the  bursa  as  well  as  the  relations 
of  the  greater  trochanter  to  Nekton's  line, 
one  may  usually  exclude  such  conditions 
as  "femoral  hernia  and  hip  disease,  with 
dislocation.  Since  the  bursa  often  com- 
numicateswith  the  joint  cavity  (in  about 
sixteen  per  cent  of  the  cases,  according 
to  Lund),  the  possibility  of  coincident 
involvement  of  bursa  and  joint  in  dis- 
ease of  either  should  be  borne  in  mind. 
Treatment. — In  a  valuable  paper  on 
this  subject  Lund  *  has  described  his 
experience  in  three  cases.  In  all  in- 
stances incision  and  drainage  gave  im- 
mediate relief.  He  advises  a  vertical 
incision  just  below  Poupart's  ligament, 
the  point  of  the  knife  passing  between 
the  anterior  crural  nerve  and  the  fem- 
oral artery.  The  ilio-psoas  muscle 
may  be  drawn  inwaid,  or  its  fibres 
may  be  separated  by  blunt  dissection 
in  the  line  of  incision. 
Post-operative  Treatment.— Such  simple  drainage  of  the  bursa  until  its  cav- 
ity has  become  obliterated  will  suffice  for  a  cure  in  uncomplicated  cases.  In 
cases  where  the  infection  involves  the  hip- joint  as  well,  extension  of  the  leg 
and  other  well-recognized  orthopedic  measures  should  supplement  the  drainage. 

*  F.  B.  Lund:    "The  Ilio-Psoas  Bursa.     Its  Surgical  Importance,  and  the  Treatment  of  Its 
Infiammatory  Conditions,"  in  the  Boston  Med.  and  Surg.  Jour.,  Sept.  25th,  1902. 


Fig.  34. — Tlie  Anatomy  of  tlie  Ilio-Psoas 
Bursa.  (From  Dr.  F.  B.  Fund.)  A,  Poupart's 
ligament;  B,  anterior  crural  nerve;  C,  ilio- 
psoas bursa;  D,  femoral  artery;  E,  femoral 
vein;  F,  sartorius  muscle. 
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Infections  of  the  Fingers  and  Hands. — Though  the  inoitulity  due  to  infec- 
tious processes  starting'  in  the  hand — more  coninioiily  I'cl'crrcd  to  as  septic  hands 
— is  not  \'crv  ij;rcat,  the  iiiorhitHty  (Uic  to  ci'ipiihnu-  of  lliiuci's  oi'  hands,  cv  to  th(^ 
loss  of  either,  is,  howeve-r,  c  xcccihngly  large.  Such  infections  occur  most  fre- 
ciuently  among  the  middle 
classes — that  is.  in  those  who 
ar(^  dc^pcndent  in  the  largest 
measure  for  their  livehhood 
upon  the  use  of  their  hands. 
This  high  morbidity  is  not 
by  any  means  ahva}'s  due  to 
the  fact  that  the  patient  goes 
to  the  surgeon  too  late  in 
the  disease  to  get  the  best 
result  of  his  treatment,  for 
bad  results  are  also  seeii 
with  imfortunate  frequency 
in  those  who  apply  early  for 
treatment.  Could  the  harm 
resulting  from  ignorance,  nr 
from  the  present  general  use 
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Fig.  35.  —  Diagrammatic  Mew  of  the  Anatomical  Rela- 
tions at  the  End  of  the  Finger.  (From  Tillaux.)  Note  the 
close  relationship  between  the  matrix  of  the  nail  and  the  ter- 
minal phalanx ;  also  the  relative  proximitj^  of  the  joint  cavity, 
the  capsule  of  which  is  derived  from  the  extensor  and  flexor 
tendons. 


of  poultices,  ointments,  antiphlogistine,  and  the  like,  be  done  away  with,  and 
the  rule  generally  adopted  that  all  hand  infections  demand  immediate  opera- 
tion, with  the  exception  of  some  mild  forms  of  pustules,  etc.,  the  hands  thus 

annually  saved  from  partial  or 
complete  disabilit}'  would  do 
the  work  of  a  city.  In  no 
domain  of  surgery  is  the  inter- 
dependence of  operation  and 
after-treatment  more  marked 
than  in  the  instance  of  septic 
hands.  No  amount  of  subse- 
quent care  can  overcome  the  ill 
effects  of  an  improper  or  an  inad- 
equate operation,  and  a  good 
operation  may  easily  be  rendered 
useless  by  careless  and  poor  after- 
treatment. 

Anatomy. — In  addition  to  the 
general  anatomy  of  the  hand,  there  are  several  important  features  which  have 
so  direct  an  influence  on  the  outcome  of  septic  processes,  that  they  must  be 
reviewed  here. 

The  bones  and  joints  of  the  wrist  and  hand  offer  nothing  of  special  note 
with  the  exception  of  the  terminal  phalanges.     These  differ  markedly  from  the  ■ 
others  in  being  intimatelj^  associated  with  the  finger  nail  on  the  dorsum,  while 


Fig.  36. — Longitudinal  Section  of  Terminal  Phalanx. 
(From  Kanavel.)  Note  the  direction  of  the  fibres  in  the 
pulp  and  the  intimatenianner  in  which  tills  .is  connected 
with  the  bone. 
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the  bony  structure  on  theii-  palmar  aspect  is  rough  and  spongy,  and  closely 
united  by  Sharpey  fibres  with  the  periosteum  and  connective  tissue  of  the  pulp 
of  the  finger.  (Figs.  35  and  36.)  As  will  be  shown  later,  these  two  charac- 
teristics have  an  important  bearing  on  infections  of  the  ends  of  the  digits. 

Tendons. — The  tendons  of  the  flexor  muscles  of  the  forearm,  after  passing 
under  the  annular  ligament,  are  inserted  into  the  fingers  in  the  following  man- 
ner: the  tendons  of  the  superficial  flexor  split  at  the  beginning  of  the  proximal 
phalanx  and  are  finally  inserted,  in  the  fomi  of  an  aponeurosis,  along  the  sides 
of  the  second  phalanx.     The  tendons  of  the  deep  flexor  pierce  the  superficial 

one,  and  pass  on  to  be  inserted  at 
the  base  of  the  terminal  phalanx. 
The  vascularity  of  these  tendons  is 
notably  slight,  the  blood-supply  re- 
quired for  their  nourishment  being 
minimal,  and,  if  this  be  de.stroyed, 
the  tendon  inevitably  sloughs.  From 
the  muscles  at  the  proxunal  end, 
the  tendons  receive  some  few  blood- 
vessels, as  also  from  the  tissues  about 
their  insertion.  In  their  course 
through  the  hand  and  fingers,  how- 
ever, the  sole  blood-supply  is  through 
small  irregular  vessels  running  in 
the  delicate  meso-tendon  —  the  so- 
called  vinculse.  These  are  prolonga- 
tions of  the  parietal  synovial  sheaths 
of  the  tendon  over  it  as  a  visceral  layer.  These  small  vessels  enter  the  ten- 
don on  its  dorsal  surface,  and  if,  by  oedema,  thrombosis,  or  operation,  they  are 
destroyed,  the  tendon  over  the  area  supplied  by  them  must  perish.  (Fig.  39.) 
Tendon  Sheaths. — The  flexor  tendons  are  surrounded  by  synovial  sheaths 
in  two  places  on  their  way  to  the  phalanges :  a,  in  the  lower  part  of  the  forearm 
and  hand;  h,  over  the  fingers.  At  the  fingers,  each  pair  of  tendons  is  enclosed 
in  a  sheath  which  begins  1  to  1.5  cm.  proximal  to  the  corresponding  metacarpo- 
phalangeal joint,  and  ends  at  the  base  of  the  terminal  phalanx.  In  the  palm 
and  at  the  wrist,  the  tendons  of  the  long  flexors  lie  in  two  large  synovial  sheaths 
— a  radial  and  an  ulnar,  often  called  carpal  or  palmar  bursa?.  The  radial  burea 
encloses  the  long  flexor  of  the  thumb  and  begins  2  to  3  cm.  above  a  line  uniting 
radial  and  ulnar  styloid  processes.  At  its  lower  end  this  bursa  is  continuous, 
in  the  large  majority  of  cases,  with  the  sheath  of  the  thumb  tendon  by  a  more  or 
less  narrow  portion,  just  above  the  metacarpo-phalangeal  joint.  The  ulnar  bursa 
covering  the  flexor  tendons  of  the  fingers  corresponds  to  the  cubital  portion 
of  the  palm  and  wrist,  and,  like  the  radial,  extends  a  greater  or  less  distance 
up  the  forearm.  In  many  instances,  it  communicates  with  the  tendon  sheath 
of  the  little  finger.  Corresponding  to  the  movements  of  a  larger  number  of 
tendons  this  bursa  has  a  larger  extent  than  the  radial  bursa,  which  has  but  one 


Fig.  .37.  —  Diagram  Showing  the  Meso-tendon 
Carrying  the  Arteries  to  the  Tendon  Proper. 
1,  Flexor  tendon;  2,  meso-tendon  or  vineula; 
3,  tendon  sheath  opened  on  its  dorsal  aspect. 
(From  Tillaux.) 
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tendon.  In  the  ulnar  bursa  the  tendons  he  in  two  layei-s — a  superficial  and  a 
deep;  so  the  synovial  sheath  sends  a  process  between  these  layere.  The  bui"sa 
is  thus  unilocular  in  the  ulnar  portion,  while  in  its  radial  portion  it  forms  thi'ee 
chambers.  In  a  large  number  of  cases  these  two  bursse,  the  radial  and  the  ulnar, 
comnumicate  definitely,  or  at  least  potentially,  at  a  point  where  the  flexor 
tendon  of  the  thumb  closely  ai:)proximates  the  deep  flexor  tendon  of  the  index 
finger,  just  distal  to  the  lower  border  of  the  annular  ligament.     (Figs.  35  and  3().) 


Fig.  3S. 


Fig.  39. 


Fig.  3S. — Diagram  Showing  the  Usual  Arrangement  of  the  Sheatlis  of  the  Flexor  Tendons  in  the 
Fingers  and  Palm.  Xotice  the  commimication  between  the  sheatlis  of  the  thumb  and  little  finger  at 
the  wnst;also  the  distance  to  which  these  sheaths  extend  above  the  annular  Ugament.  (From  Tillaux.) 

Fig.  39. — Diagram  Showing  a  Rather  Less  Usual  Arraneement  than  that  Pictured  in  Fig.  3S. 
(From  TillaiLx.) 

No  detailed  description  of  the  numerous  anatomical  variations  of  these  bursse 
need  be  made.  It  is  sufficient  for  our  purpose  to  remember  that  pus  starting 
in  the  sheath  of  the  litt'e  finger  can  spread  to  the  tip  of  the  thumb,  or  \dce 
versa ;  and  that  pus  starting  in  either  the  little  finger  or  the  thimib  sheath  can 
easily  infect  the  palmar  bursae,  and  thus  extend  into  the  forearm. 

Palmar  Fascia.- — The  importance  of  this  dense  fascia  is  marked  in  that  it 
prevents  the  occurrence  of  the  usual  signs  of  infection,  such  as  swelling  and 
redness,  from  appearing  on  the  palm,  though  the  infection  be  located  there. 
Instead,  swelling  of  the  back  of  the  hand  occurs  very  quickly  after  the  onset 
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of  deep  suppuration,  the  oedema  spreading  diffusely  over  the  whole  dorsum. 
This  is  a  very  common  occurrence  in  all  acute  infections  which  lie  bcjneath 
this  fascia,  and  should  lead  to  no  mistake  in  diagnosis,  because  this  dorsal 
oedema  is  nowhere  sensitive  to  pressure. 

Fascial  Spaces. — The  excellent  work  of  Kanavel  has  called  attention  to  the 
importance  of  these  loose  connective-tissue  spaces  in  influencing  the  spread  of 
infection  in  the  hand,  when  it  lies  outside  of  the  synovial  sheaths.  They  are 
described  by  him  as  follows: — 1.  The  dorsal  subcutaneous  space,  which  repre- 
sents an  extensive  area  of 
loose  tissue  without  definite 
boundaries,  allowing  pus  to 
spread  over  the  entire  dor- 
sum of  the  hand.  2.  The 
dorsal  subaponeurotic  space, 
vrhich  is  limited  on  its  sub- 
cutaneous side  by  the  dense 
t /ndinous  aponeurosis  of  the 
extensor  tendons,  and  upon 
the  deep  side  by  the  meta- 
carpal bones.  It  has  the 
shape  of  a  truncated  cone, 
with  the  smaller  end  at  the 
wrist  and  the  broader  at  the 
knuckle.  Laterally,  the  apo- 
neurotic sheet  shades  off  into 
the  subcutaneous  tissue.  3. 
The  hypothenar  space,  which 
is  a  distinctly  localized  one, 
lying  in  front  of  the  hand  be- 
neath these  muscles.  4.  The 
thenar  space,  which  occupies 
a}3proximately  the  area  of  the  thenar  eminence,  as  far  as  to  the  flexion  and  ad- 
duction crease  of  the  thumb,  but  not  extending  to  the  ulnar  side  of  the  middle 
metacarpal.  It  lies  deep  in  the  palm  just  above  the  adductor  transversus  muscle. 
5.  The  middle  palmar  space,  which,  with  its  three  diverticula  below,  extends 
along  the  lumbrical  muscles.  It  is  limited  by  the  middle  metacarpal  bone  upon 
the  radial  side,  is  overlapped  by  the  ulnar  bursa  upon  the  ulnar  side,  and  is 
separated  from  the  thenar  space  by  a  partition  which  is  very  firm  everywhere  ex- 
cept at  the  proximal  end,  where  it  is  rather  thin.  A  small  isthmus  can  be  found 
leading  from  the  proximal  end  of  this  space  under  the  tendons  and  ulnar  bursa  at 
the  wrist,  up  into  the  forearm.  Infection  of  these  spaces,  though  important,  is 
not  nearly  so  grave  an  event  as  when  it  involves  the  tendon  sheaths  and.  bursae. 
Nerves. — It  is  always  important  to  remember  the  position  of  the  lateral 
digital  nerves,  in  order  that  cocaine  may  be  properly  applied  to  them  in  opera- 
tions on  the  ends  of  the  fingers  done  under  local  anaesthesia. 
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Fig.  40. — Photograph  Showing  Exuberant  Granulations  and 
Septic  BUster  Following  Paronychia  in  which  Nail  has  not 
been  Removed.      (Original.) 


SURGICAL   DISEASES  OF  THE  EXTRExMITIES. 


.yi 


The  motor  branch  of  the  niediaii  nerxc,  which  sup] )H('s  the  muscles  of  the 
thenar  eminence,  should  also  be  borne  in  iiiiiuL  This  branch  supplies  the 
abductor,  opponcMis,  and  ihc  outci'  h(>ud  of  the  licxor  brcvis  ])ollicis,  and  is  given 
off  from  the  main  trunk -just  after  this  has  passed  the  annular  ligament.  It 
should  always  be  avoided  in  opening  the  palmar  bursa3. 


Etiolocsy   and   Types   of   Ixfection. 

The  infecting  organism  is  usually  a  staphylococcus  or  occasionally  a  strep- 
tococcus. One  should  always  bear  in  mind,  however,  the  possibility  of  such 
rare  infections  as  anthrax,  glanders,  chancre,  chancroid,  and  diphtheria.  In- 
fection of  the  hand  may  develop  subsequently  to  trauma  (cuts,  slivers,  punc- 
tured wounds),  and  on  the  back  of  the  hand  it  may  find  an  entrance  by  way 
of  the  hair  follicles.  The  largest  number  of  cases,  how^ever,  occur  without  any 
external  evidence  of  infection. 

Infections  of  the  Ends  of  Fingers  and  Dorsum  of  Fingers  and  Hand. 

Since  any  infection  spreading  through  delay  and  neglect  may  cause  an  acute 
phlegmon  of  the  hand  or  arm,  we  naturally  find  all  grades  of  extension  and  of 
severity;  one  form  gradually  merging  into  another  of  a  more  severe  type. 
The  classification  of  the  different  forms  is  therefore  somewhat  difficult.  Such 
terms  as  "whitlow,"  ''paronychia,"  and  "felon"  can  scarcely  be  defined  with 
absolute  accuracy.  In  general,  the  terms  whitlow  and  paronychia  are  used  to 
describe  an  infection  about  the  side  or  base  of  the  nail,  while  felon  designates 
an  infection  located 
deeper  in  the  pulp  of  the 
finger.  The  first  form  is 
called  a  "run  around." 
This  may  start  just  under 
the  nail  fold  of  the  skin, 
and  the  pus  held  by  the 
adhesion  of  the  nail  is 
pent  up  and  burrows  lat- 
erally to  the  sides  or  round 
the  base  of  the  nail,  under 
the  lunule.  Such  infec- 
tions are  prone  to  become  ^ /ig.  41.-Pl.otograph  showing  Paronychia  Tv-ith  ^f^^-^^^^'^^^^, 
^  The  proximal  portion  of  the  nail  over  the  lunula  has  been  renio\ecl 

chronic  under  faulty  treat-      by    a    transverse    incision,     thus     affording    adequate    drainage. 

ment,  with  the  formation     (Original.) 

of  exuberant  granulation  tissue  and  subsequent  loss  of  the  nail.  (Figs.  40  and 
41.)  Usually  the  nail  grows  again,  unless  the  matrix  has  been  destroyed.  In  a 
felon,  the  infection  may  be  either  in  the  fatty  pad  of  the  finger  tip,  in  the 
tendon  sheath,  or  under  the  periosteum,  or  it  may  take  the  form  of  an  osteo- 
myelitis of  the  terminal  phalanx.  Ovicasionally  the  process  appears  to  start 
primarily  as  an  arthritis.     The  tendon  sheath  is  frequently  involved,  either 
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IM-imarily  or  secondarily,  and,  the  infection  spreading  upward,  there  develops 
one  form  of  deep  palmar  abscess. 

Infection  of  the  hair  follicles  on  the  back  of  the  hands  or  first  phalanx  is  com- 
mon. Here,  with  the  usual  signs  and  symptoms  of  a  furuncle,  there  occurs  a 
small  or  large  greenish-yellow  slough,  very  painful  and  frequently  accompanied 

by  definite  lines  of  lymphangitis  running  up  the 
arm.     (Fig.  42.) 

Subcutaneous  infections  caused  by  trauma 
or  arising  idiopathically  may  develop  anywhere 
upon  the  dorsum  of  the  hand  or  fingers,  but, 
owing  to  the  absence  of  definite  tendon  sheaths, 
they  are  not  so  liable  to  extend  as  are  infec- 
tions in  the  palm.     (Fig.  43.) 

Particular  attention  is  called  to  a  not  un- 
common lesion  caused  by  a  blow  of  the  closed 
fist  against  a  man's  teeth.  This  naturally  occurs 
over  the  knuckles  and  almost  always  results  in 
infection  of  the  joints  with  a  complete  or  partial 
severing  of  the  extensor  tendon.  Spread  of 
the  infection  to  the  palmar  side  of  the  joint 
is  not  rare.  As  the  majority  of  these  acci- 
dents occur  on  Saturday  night,  and  are  not 
seen  until  Monday  morning,  infection  is  well 
under  way  at  the  time  of  the  first  observation. 
The  whole  hand  is  puffed  and  extremely  sore,  the 
finger  cannot  be  extended,  and  the  w^ound  is 
usually  gangrenous. 

Treatment. — After  considerable  experience  we 
have  come  to  consider  these  cases  as  most 
serious.  They  should  be  radically  treated  at 
once.  The  gangrenous  area  should  be  excised, 
the  wound  well  laid  open,  and  thorough  drainage 
of  the  joint  instituted  on  both  sides  of  the  ten- 
don, with  rubber  dam  inserted  into  either  side 
of  the  joint.  Only  by  thorough  drainage  can 
palmar  infection  be  prevented.  With  the  hand 
immobilized  on  a  palmar  splint,  the  joint  may 
be  washed  out  once  or  twice  daily,  and  occasion- 
ally healing  will  thus  occur  without  necrosis  of  the  cartilage.  If  divided,  the 
tendon  can  only  be  united  by  secondary  suture.  In  these  cases,  when  seen 
immediately,  no  attempt  should  be  made  to  secure  primary  union.  It  should 
always  be  borne  in  mind  that  an  occasional  complication  of  such  an  injury  is 
the  development  of  a  chancre. 

The  treatment  of  a  paronychia  in  its  early  stages  should  be  by  passing,  on 
the  flat,  a  thin-bladed  knife  between  the  nail  fold  and  the  nail  proper.     This 


'  Fig.  42. — Photograpli  Showing 
Line  of  Lymphangitis  Running  from 
Furuncle  on  Dorsum  of  Thumb 
to  Epitrochlear  Lymph  Node. 
(Original.) 
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will  usually  rvacualc  a  (Iro))  oi-  two  of  pus,  and,  under  a  moist  dressing  or  the 
application  of  some  hlaiul  ointment  to  favor  discharge,  healing  rapidly  occurs. 
U  {\\viv  is  any  tendency  to  hacking  ujt  of  pus.  a  nai-i-o\v  strip  of  gutta-percha 
tissue,  inserted  into  the  cavity,  will  allow  five  drainage  and  prevent  all  pain. 
These  infections,  if  unti'eated  for  two  or  three  days,  involve  the  matrix  of  the 
nail,  and  extend  under  the  n;\il  itself,  as  can  he  seen  by  the  yellow  discoloration 
of  the  lunule  and  by  the  fluctuation  elicited  by  pressure  on  the  base  of  the  nail. 
In  such  cases  the  treatment  consists  in  freeing  the  nail  from  the  nail  fold  entirely, 
by  evulsion:  or,  in  some  cases,  a  transverse  incision,  separating  and  remo\-ing 
the  proximal  fn^m  the  distal  portions  of  the  nail,  may  be  made.  (Fig.  41.) 
When  once  the  nail  has  been  separated  from  its  bed  by  infection,  another  nail 
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Fig.  4.3. — Pliotogra]Dh  Showing  Sejosis  of  ^Middle  Finger  Resulting  in  Infection  of  the  Sheath  of 
its  Flexor  Tendon  and  Subsequent  Palmar  Abscess.  The  photograph  also  shows  well  the  characteristic 
flexion  of  the  fingers  and  oedema  of  the  dorsum  of  the  hand.      (Original.) 


must  form,  and  palliation  is  usually  unsatisfactory,  most  often  resulting  in 
prolonged  suppuration  and  the  formation  of  exuberant  granulations.  The  only 
objection  to  complete  removal  of  the  nail  is  that  the  matrix  thus  exposed  is 
rather  sensitive  to  pressure.  Pain  can  be  prevented,  however,  in  a  large  part, 
by  covering  the  nail  bed  with  a  piece  of  rubber  tissue.  Where  a  portion  of 
the  old  nail  has  been  left,  the  new  nail  appears  to  grow  less  well,  having  to 
push  the  former  nail  downward. 

In  the  treatment  of  hair-follicle  infections,  the  skin  should  first  be  disin- 
fected and  a  longitudinal  incision  made,  under  cocaine,  through  the  base  of  the 
slough.  This  ma}'  then  be  removed  with  a  curette  or  with  forceps  and  scissors. 
The  resulting  cavity  should  be  cauterized  with  carbolic  acid.  If  this  latter 
precaution  is  not  taken,  there  will  not  infrequently  follow  an  ascending  infec- 
tion through  the  lymphatics  to  the  epitrochlear  or  axillary  lymph  nodes,  from 
a  lesion  w^hich  before  operation  was  entirely  local.     Occasionally  abscesses  of 
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these  nodes  are  seen  developing  a  suiprisingly  long  time  after  the  primary 
infection. 

Septic  blisters  occurring  on  the  dorsum  or  under  the  thickened  skin  of  the 
palm,  should  have  their  covering  comi)letely  removed,  when  they  may  be 
dressed  with  ointment  or  dry  gauze.  Careful  examination  should  always  be 
made  for  a  possible  pin-point  communication  with  a  dee]oer  process. 

il/ore  Severe  Hand  Infections;   Deep  Palmar  Abscess. 

A  characteristic  picture  of  finger  or  hand  infection  is  the  following: — The 
finger  is  swollen  and  tense  and  shows  reddening  of  varying  intensity.  Though 
the  swelling  occurs  throughout  its  whole  circumference,  it  is  more  marked  on 
the  dorsum;  the  finger  is  held  in  a  markedly  flexed  position  in  both  the  pha- 
langeal and  metacarpo-phalangeal  joints;  both  active  and  passive  motions  are 
painful,  and  along  the  anterior  surface  of  the  finger  sensitiveness  to  pressure  is 
very  marked.  Further  than  this,  there  are  the  usual  general  symptoms  of  in- 
fection, such  as  fever  and  increase  of  pain  when  the  hand  is  in  a  dependent 
position.  (Fig.  43.)  In  general,  redness  and  swelling  arc  of  little  significance 
in  localizing  the  infection.  The  most  important  sign  is  pain  on  palpation. 
The  flexed  position  of  the  finger  does  not  necessarily  mean  involvement  of  the 
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Fig.   44. — Case   of   Palmar   AVjscpss.     The   photograpli   shows  incisions  necessary  for  adequate 
drainage.      I'lie  annular  ligament  has  not  been  cut  through.      (Original.) 

tendon  sheath,  for  it  also  occurs  when  infection  is  only  around  this.  Such  a 
process  is  often  seen  to  have  started  as  a  felon,  or  it  may  be  at  times  rather 
difficult  to  detect  the  central  focus  of  infection.  The  most  reliable  method  of 
determining  this  is  by  touching  the  finger  with  a  probe  in  various  places,  care 
being  taken  to  keep  in  mind  always  the  anatomical  points  which  have  been 
mentioned  above.  In  such  cases  as  this,  operation  should  be  resorted  to 
immediately.     (Fig.  44.) 

Occasionally,  however,  the  story  is  somewhat  different.  Starting  with  a 
prick  or  small  wound,  or  possibly  without  evidence  of  such,  there  may  develop 
a  superficial  streptococcus  lymphangitis,  which  involves  the  hand,  or  possibly 
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the  hand  and  arm.  Such  an  infection  may  tiTminatc  in  rccoveiy,  or  it  mav 
chang;e  to  the  phleginonous  varioty  with  the  formation  of  pus.  Such  cases 
shoukl  be  troat(>d  for  from  twenty-four  to  thirty-six  hours  by  the  ai)i)lication 
of  hot  pouhiees  antl  by  immobilization  and  elevation  of  the  hand.  A  most 
successful  form  of  treating-  thcnn  is  that  devised  by  Gamgee,  which  depends  for 
its  success  on  graduatetl  tight  pressure  beginning  at  the  finger  tips,  and  extend- 
ing as  far  as  the  elbow.  The  dressing  is  applied  over  a  palmar  splint,  and  is 
most  satisfactorily  made  of  oakum  laid  over  diy  gauze.  After  several  layei"s 
of  oakum  ha\-e  been  applied,  tight  pressure,  greatest  over  the  fingers  and 
graduall}-  diminishing  upward,  is  made  by  bandaging.  The  arm  is  put  in  a 
sling,  r.nd  the  patient  kept  quiet.  It  is  often  surprising  to  see  what  such  a  dress- 
ing as  this  will  accomplish  in  twenty-four  hours,  both  in  the  relief  of  jjain  and 
in  the  removal  of  clinical  evidences  of  infection.  However,  should  the  condi- 
tion persist  longer  than  thirty-six  hours  at  the  most,  operation  (consisting  of 
incisions  over  the  most  suspicious  areas)  should  be  undertaken. 

The  treatment  of  all  other,  conditions  than  those  already  mentioned  should 
always  be  by  operation,  imdcr  general  aucPsthesia.  It  is  impossible  to  over- 
emphasize the  importance  of  a  tourniquet  in  such  operations.  This  apparatus 
should  always  be  used,  so  that  the  field  may  be  free  from  capillary  oozing,  which, 
when  ])resent,  makes  an  intelligent  dissection  absolutely  impossible.  In  operat- 
ing on  a  felon,  for  instance,  with  the  patient  under  ether  and  a  tourniquet  ap- 
plif^d.  the  surgeon  should  make  an  incision  over  the  distal  phalanx,  on  its  side, 
^ledian  incisions  are  objectionable,  and  should  not  be  used  unless  unavoidable. 
If  the  infection  is  found  to  be  in  the  fat  only,  the  slough  should  be  removed, 
and  the  wound  treated  with  carbolic  acid  and  a  rubber-tissue  drain.  If  there  be 
a  question  as  to  whether  the  infection  is  subperiosteal  or  within  the  tendon 
sheath,  these  membranes  should  be  opened,  provided  adequate  cause  for  the 
symptoms  has  not  already  been  discovered.  If  adequate  cause  has  been  dis- 
covered, however,  and  there  be  no  tenderness  at  all  in  the  palm  or  over  the  ten- 
don sheath,  the  wound  should  be  loosely  packed  and  its  behavior  observed  until 
the  following  day;  because  more  harm  would  probably  result  from  incising  an 
uninfected  sheath  through  this  septic  area,  than  from  mere  delay.  If,  how- 
ever, the  sheath  appears  distended  mth  fluid,  it  should  be  opened  up  to  the 
interphalangeal  joint,  either  laterally  or  in  the  micldle  line.  Its  edges  should 
then  be  retracted  gentl}'  by  an  assistant,  and  downward  pressure  made  on  the 
palm  of  the  hand  and  over  the  proximal  phalanx  in  order  to  determine  the  pres- 
ence or  absence  of  turbid  serum.  In  cases  where  the  serum  is  merely  turbid 
— i.e..  in  the  early  stages  of  an  infection, — a  second  incision  should  be  made 
over  and  through  the  upper  part  of  the  sheath  in  the  palm  of  the  hand.  Through 
this  opening  in  the  sheath  salt  solution  should  be  injected  downward,  and  a 
rubber-tissue  drain  should  be  inserted  at  either  end  of  the  wound.  But  if  the 
infection  has  persisted  for  two  days  or  more,  or  if  the  contents  of  the  sheath  be 
found  definitely  purulent,  drainage  should  be  more  free — either  by  two  lateral 
incisions  along  the  finger  and  one  in  the  palm,  or,  less  preferably,  by  three  me- 
dian incisions  made  in  such  a  manner  as  to  avoid  the  points  of  flexure.     Since, 
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as  mentioned  in  the  anatomical  remarks,  the  inte^rit}-  of  the  tendon  depends 
upon  its  rather  precarious  blood-supply,  great  care  should  be  taken  during 
operation  that  no  instruments  or  drains  be  passed  between  the  tendon  and  its 
posterior  sheath.  In  like  manner  a  single  long  median  incision,  with  the  finger 
in  a  flexed  position,  allows  the  tendons  gradually  to  draw  away  from  their  pos- 
terior attachment  and  to  assume  the  position  which  the  string  bears  to  a  bow. 
This  point  is  of  vital  importance  in  the  management  of  these  tendon-sheath 
infections;  in  other  words,  never  interfere  with  the  blood-supply. 

The  next  process  to  be  considered  is  where  the  infection  has  reached  an 
advanced  stage,  one  in  which  pus  has  reached  either  or  both  deep  palmar  bursas, 
or  in  which,  as  in  cases  that  have  been  still  more  neglected,  it  may  have  passed 
upward  above  the  annular  ligament  and  then,  after  rupturing  the  bursa,  have 
forced  its  way  among  the  muscle  planes  of  the  forearm.  In  operating  upon  such 
extensive  infections  as  this,  the  point  of  attack  is  best  made  in  the  region  last, 
and  therefore  least,  infected.  In  the  presence  of  sw^elling,  redness,  and  tenderness 
above  the  wrist,  an  incision  should  be  first  made  just  above  the  annular  ligament. 
This  should  open  the  bursa,  which  should  then  be  washed  out  from  this  point 
as  thoroughly  as  possible.  Next,  the  palm  of  the  hand  should  be  opened ;  and 
here,  in  accordance  with  the  evidence  already  gained,  the  incision  should  be 
made  either  along  the  inner  side  of  the  thenar  eminence,  or,  if  the  infection 
has  spread  from  the  little  finger,  just  beyond  the  median  side  of  the  hypo- 
thenar  eminence.  (Fig.  44.)  It  has  never  seemed  necessary  to  the  writers  to 
spHt  the  annular  ligament,  as  is  advocated  by  Forssell;  sufficient  drainage  can 
usually  be  obtained  by  the  use  of  a  small  fenestrated  rubber  tube.  In  such 
severe  cases  as  the  one  under  consideration,  all  possible  pockets  should  be 
thoroughly  cleaned  by  washing,  and  then  drained  with  gutta-percha  tissue. 
The  length  or  multiplicity  of  incisions  is  of  small  importance  as  compared  with 
the  crippling  after-effects  of  sloughing  tendons.  Of  course,  in  making  these 
incisions,  the  surgeon  should  keep  constantly  in  mind  the  anatomical  points 
already  mentioned.  In  such  operations  as  these,  particular  stress  should 
be  laid  upon  the  importance  of  following  the  infection  as  far  as,  or  even  a  little 
beyond,  the  infected  area,  as  the  tendency  is  widespread  to  stop  somewhat  short 
of  the  necessary  point,  thereby  not  only  allowing,  but  inviting,  an  extension  of 
the  infective  process.  Cases  are  constantly  seen  in  which  a  neglected  finger 
or  hand  has  been  incised  several  times,  the  operator  each  time  failing  to  grasp 
the  real  extent  of  the  infection,  or  in  some  respects  falling  short  of  the  necessary 
radical  operation.     (See  Plate  C.) 

The  use  of  the  hypersemia  method  of  Bier  has  been  of  value  in  the  hands  of 
the  writers  only  in  partially  preventing  the  general  absorption  (with  high  fever 
and  chills)  which  occurs  in  the  severe  type  of  cases.  Its  effect  on  the  area  below 
the  bandage  is  bad,  since  it  makes  the  tissues  oedematous  and  boggy,  thereby 
obscuring  the  picture,  so  that  new  foci  may  be  overlooked,  and  lowers  local 
resistance.  Under  no  circumstances  should  this  treatment  take  the  place  of 
operation,  and  in  general,  except  in  the  intermittent  use  for  the  purpose  men- 
tioned above,  it  is  to  be  condemned. 
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SUPPURATIVE    TENOSYNOVITIS 

Operation-  Delayed   uxtil  Texdox  had  become  Gangrenous 
(Case  of  Dr.    Charles  A.   Porter) 
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After-treatment. — In  the  aftcr-treatniont  of  these  extensive  infections  it  is 
very  important  that  the  general  health  should  receive  attention.  Further, 
since  in  the  beginning  the  parts  must  be  dressed  at  least  once  daily,  if  not  twice 
daily,  pain  should  be  avoided  in  every  way  possible.  Drainage  by  rubber  dam, 
with  the  copious  use  of  some  ointment  such  as  boracic  ointment,  is  much  pref- 
erable to  the  use  of  gauze,  which  should  be  reserved  until  the  woimds  have 
begun  to  granulate,  or  used  only  in  the  more  superficial  parts  of  fresh  wounds. 
Following  an  adequate  operation,  prolonged  hot  soaks  in  antiseptic  solutions  are 
unnecessary,  or  even  bad,  because  they  obscure  the  field.  Each  dressing  should 
be  undertaken  only  in  the  most  methodical  manner  and  with  the  aid  of  an 
assistant.  Instruments  and  hands  should  be  sterile.  The  patient's  hand  should 
lie  on  a  table,  beside  the  bed,  and,  after  removal  of  the  previously  moistened 
dressings,  the  wounds  should  be  washed  out  with  salt  solution,  or  wiped  very 
gently  with  dry  gauze  pledgets,  while  their  edges  are  carefully  retracted  by  the 
assistant.  Pressure  from  the  peripher}^  toward  the  centre  will  demonstrate  the 
presence  or  absence  of  any  extension  of  the  process.  Fresh  rubber  tissue  and 
dr}^  gauze  should  supplant  the  old.  Continuous  immobilization  on  the  splint  is 
important,  and  care  should  be  taken,  as  soon  as  possible,  to  extend  the  fingers 
and  oppose  the  thumb,  as  one  not  infrequently  sees  cases  of  prolonged  suppura- 
tion in  which  the  fingers  are  permanently  flexed,  the  hand  flattened,  and  the 
thumb  approximated  to  the  forefinger  in  the  same  plane.  Since  the  flexors  are 
much  stronger  than  the  extensors,  adhesions  in  extension  are  much  more 
readily  overcome  later,  than  are  those  which  occur  in  flexion.  After  three  or 
four  days,  it  is  wise  to  bend  the  fingers  passively  at  each  dressing,  as  adhesions 
rapidly  form,  not  only  in  the  tendon  sheaths,  but  in  the  joints  as  well.  Wounds 
at  the  wrist,  owing  to  the  swelling  of  the  tissues,  will  be  found  to  separate 
widely.  These  may  be  closed  by  secondary  suture  during  the  granulating 
stage. 

TVTien  such  a  hand  is  healed,  the  after-treatment  is  by  no  means  completed. 
Neglect  at  this  point  not  infrequently  leads  to  peraianent  disabihty.  Active 
and  passive  motions,  massage,  hot  and  cold  douches,  must  be  pushed;  tenden- 
cies to  contract  must  be  corrected  by  the  use  of  extension  apparatus.  Pains- 
taking thoroughness  in  this  respect  often  makes  the  difference  between  an 
impaired  and  a  perfectly  useful  hand. 

Sloughing  Tendon  and  Bone  Necrosis. 

Two  prime  causes  of  failure  of  these  wounds  to  heal  kindly  are  sloughing 
tendon  and  bone  necrosis,  the  latter  being  quite  frequently  overlooked.  The 
length  of  time  required  for  the  complete  disintegration  of  a  tendon  once  thor- 
oughly infected  is  often  surprising,  and,  if  the  process  is  left  to  nature,  many 
weeks  may  elapse  before  the  wound  becomes  finally  clean.  The  practice 
of  conservatism  in  dealing  with  these  tendons,  in  the  hope  that  some  portion  of 
them  will  remain  functional,  has  probably  been  carried  to  an  extreme.  As  a 
rule,  little  is  to  be  expected  of  a  tendon  once  thoroughly  infected.  The  dead, 
yellowish-white  appearance  of  a  sloughing  tendon  is  sufficiently  characteristic 
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to  be  promptly  recognized.  When  this  condition  has  resulted,  nothing  is  to 
be  expected  as  regards  future  usefulness  of  the  part.  It  is  then  a  great  saving 
of  time  to  t]ie  i)atient  to  remove  the  dead  portion  of  the  tendon  in  toto,  care 


Fig.  45. — Photograph    Sliowing  Suppurative   Arthritis    Following  Neglected   Felon.       The  joint 
cartilage  was  found  free,  surrounded  by  fungous  granulations.      (Original.) 

being  taken  not  to  encroach  on  the  uninfected  portion,  which  can  usually  be 
distinguished  by  a  fairly  sharp  line  of  demarcation.  Even  when  this  has  been 
done,  a  sinus  will  frequently  persist  at  the  two  ends  of  the  wound,  •  where  the 


Fig.   46. — Bone  Sinus  after  Old  Infection  of  .Joint  of  Middle  Fijiger,  the  Persistency  being  Due 
to  the  Sloughing  Articular  Cartilage.      (Original.) 

remains  of  the  tendon  are  still  present  and  the  sloughing  is  going  on.  Some- 
thing may  here  be  done  by  cautious  paring  of  the  end  to  hasten  the  process  of 
permanent  healing. 
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Where  bone  necrosis  has  taken  place,  the  conditions  are  somewhat  yiniilar. 
The  necrosis  is  commonly  observed  in  the  terminal  phalanx  after  the  typical 
more  or  less  neglected  felon.  If  the  periosteum  has  been  destroyed,  perma- 
nent repair  is  impossible. .  When,  therefore,  a  doubt  exists  as  to  the  extent  of 
the  damage  to  the  bone,  it  is  generally  wise  to  cocainize  the  part  and  explore  the 
region  carefully.  The  phalanx  will  often  be  found  quite  detached,  as  a  seques- 
trum, when  it  should  of  course  be  removed.  Where  only  a  portion  of  the  bone 
is  bare  of  periosteum,  radical  measures  should  not  be  taken,  as  these  portions 
may  heal  either  by  the  separation  of  a  thin  sequestrum  from  the  surface  or  by 
the  ingro^^■th  of  a  new  periosteum  generated  from  the  edges.  These  pieces  of 
necrotic  bone  are  frequently  covered  by  a  mass  of  easily  bleeding,  exuberant 


Fig.  47. — X-ray  Photograph  Showino;  Re^formation  of  Terminal  I'halanx  in  Thumb  after  Sub- 
periosteal Resection  for  Osteomyelitis  Folloxs-ing  a  Neglected  Felon.      (Original.) 

This  patient  had  an  osteomyelitis  following  a  felon  of  the  terminal  phalanx  of  the  thumb.  As 
he  was  to  be  a  dentist,  the  wound  was  thoroughly  drained  for  six  weeks,  then  the  whole  of  the  necrotic 
terminal  phalanx  was  removed  subperiosteally,  and  the  tluimb  was  placed  in  a  position  of  sUght 
flexion.  Ankylosis  of  the  adjacent  joint  took  place,  but  there  was  sufficient  reproduction  of  bone  to 
make  a  useful  thumb  tip.  As  operation  was  performed  through  lateral  incisions,  there  was  no  painful 
skin  over  the  ball  of  the  thumb. 

granulations  which  may  appear  sufficiently  healed  on  the  surface  to  give  rise 
to  the  belief  that  the  parts  beneath  have  healed.  Investigation  with  a  probe, 
however,  will  reveal  the  real  condition.  In  many  cases,  especially  among  the 
lower  classes,  the  element  of  time  is  of  considerable  importance  to  the  patient, 
and  over-prolonged  delay  in  remo^dng  these  causes  of  chronic  suppuration  is 
a  distinct  waste  of  time.  The  tendency,  on  the  whole,  has  been  to  delay  too 
long,  and  we  are  inclined  to  ad\Tse  careful  watching  of  these  wounds  for  the 
occurrence  of  these  complications,  so  that,  by  the  early  removal  of  necrotic 
bone  and  sloughing  tendon,  convalescence  may  be  greatly  shortened.  If  the 
temiinal  phalanx  be  at  fault,  and  its  entire  removal  becomes  necessaiy,  a  very 
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useful  and  not  very  unsightly  finger  may  be  obtained  without  doing  an  ampu- 
tation. If  the  sequestrum  be  removed  on  the  palmar  surface  or  by  a  lateral 
incision  without  disturbing  the  nail,  the  shape  of  the  finger  will  be  partially 
preserved,  though  the  tendency  to  the  formation  of  a  "parrot-nail"  is  marked. 
An  amputation  should  not  be  done  immediately  for  necrosis  of  the  terminal 
phalanx,  but  healing  should  be  allowed  to  occur,  and,  if  then  the  deformity  is 
great  or  the  scar  sensitive,  a  subsequent  amputation  can  be  done  at  any  time. 
True  conservatism  in  dealing  with  infected  fingers  lies  in  the  prompt  and  com- 
plete treatment  of  the  infection  without  removing  any  uninvolved  tissue. 

The  points  of  special  importance,  in  the  treatment  of  hand  infections,  may 
be  briefly  summed  up  as  follows: — A  thorough  knowledge  of  anatomy;  complete 
operation  as  early  as  possible;  care  in  avoiding  injury  to  the  blood-supply  of 
the  tendons;  adequate  drainage  by  rubber  tissue;  complete  immobilization; 
the  use  of  retractors  in  dressing  the  wound  and  gentle  manipulation ;  avoidance 
of  all  possible  pain;  active  and  passive  motion  persisted  in  most  faithfully; 
and,  finally,  observance  of  the  maxim  that,  in  hand  infection,  palliative  treat- 
ment with  antiphlogistine  and  poultices  should  always  be  condemned. 

Infections  in  the  Wrist-joint. — Pyogenic  infections  (gonococcus  excluded) 
of  the  wrist-joint  are  always  serious,  from  a  point  of  view  of  future  disability, 
and  they  are  sometimes  dangerous  to  life.  Judgment  as  to  the  proper  treat- 
ment is  extremely  difficult,  owdng  to  the  number  of  compartments  into  which 
the  wi'ist- joint  is  divided  and  to  the  danger  of  bringing  about  a  secondary 
infection  of  either  the  dorsal  or  the  palmar  tendon  in  making  drainage.  This 
matter  is,  of  course,  less  difficult  to  decide  upon  when  the  wrist-joint  infection 
is  secondary  to  that  of  tendon  sheaths  or  to  a  deep  palmar  abscess.  By  search- 
ing with  care  for  points  of  greatest  tenderness,  an  attempt  should  be  made  to 
decide  whether  the  infection  is  located  between  the  ulna  and  the  carpus,  be- 
tween the  radius  and  the  carpus,  or  among  the  intercarpal  bones.  Ulnar 
infection  is  best  drained  toward  the  outer  side  of  the  forearm ;  infection  between 
the  radius  and  the  carpus,  posteriorly,  a  little  to  the  ulnar  side  of  the  extensors 
of  the  thumb,  or,  in  deep  palmar  abscess,  in  the  median  line,  on  the  radial  side 
of  the  median  nerve.  If  disorganization  of  the  joint  is  sufficient  to  require 
through-and-through  drainage,  rubber  dam  wdU  be  found  to  be  far  superior  to 
tubes  or  gauze.  The  wrist  should  be  slightly  flexed  and  immobilized  upon  a 
splint  which  extends  up  over  the  shoulder. 

Axillary  Adenitis;  Axillary  Abscess  (from  sepitc  hands). — Pyogenic  in- 
fections of  the  axilla  are  either  primaiy,  or  secondaiy  to  suppuration  in  the 
breast,  the  thoracic  parietes,  or  any  part  of  the  upper  extremity.  Primary 
infections  are  superficial,  starting  about  the  hair  follicles  and  leading  to  a  super- 
ficial abscess.  Unless  they  are  properly  treated,  there  are  apt  to  be,  in  the 
proximity  of  the  primary  infection,  multiple  foci  similar  to  a  crop  of  furuncles. 

The  axilla  should  be  shaved  and  then  washed  several  times  a  day  with  cor- 
rosive sublimate  and  alcohol  (1 :  3,000),  the  frequency  depending  upon  the 
severity  of  the  furuncle  or  abscess,  which  should  be  opened  and  drained  and 
then  covered  with  dry  dressings.     The  deeper  variety  of  infections  underneath 
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the  axillary  fascia  arc  often  overlooked  in  their  early  stages,  and  may  result  in 
large  and  even  dangerous  abscesses.  The  patient  often  complains  of  simple 
stiffness  in  the  shoulder,  and  if,  as  frequently  happens,  the  original  source  of 
infection  upon  the  fingers,  has  healed,  little  attention  is  paid  to  the  axilla. 
There  may  be  in  the  beginning  palpably  tender  lymph  nodes,  or,  owing  to  the 
stiffness  of  the  shoulder,  all  that  can  be  felt  is  a  vague  sense  of  resistance  with 
slight  tenderness  on  deep  pressure.  There  may  be  fever  and  leucocytosis,  or 
both  may  be  absent.  If  the  disease  is  allowed  to  progress,  the  arm-pit  becomes 
tense  and  swollen,  motion  at  the  shoulder  in  any  direction  is  painful,  the  pec- 
toral fossa  is  distended,  and,  if  the  collection  of  pus  is  large,  it  may  burrow 
between  the  pectoral  muscles,  and  even  upward  into  the  supraclavicular  fossa. 
The  pain  may  be  severe,  depending  upon  the  purulent  infiltration  about  the 
brachial  plexus.  When  a  brawny  condition  exists,  early  operation  is  clearly 
indicated,  even  long  before  fluctuation  can  be  made  out.  The  arm  being  placed 
in  a  position  at  right  angles  with  the  body  the  axilla  should  be  opened  either 
by  a  vertical  incision  or  by  one  carried  along  the  posterior  border  of  the  pec- 
toralis  major  muscle.  A  regular  dissection,  with  a  broad  base  above,  should 
be  made  downward,  and,  as  soon  as  pus  is  found,  an  effort  should  be  made  to 
break  up  all  of  the  lateral  openings,  the  finger  being  used  for  this  purpose  with 
care,  in  order  to  avoid  tearing  the  vessels.  If  the  abscess  is  chronic,  bleeding 
from  the  granulating  surface  may  be  free,  even  alarming  if  a  vein  is  torn. 
Thorough  antiseptic  douching,  and,  for  the  first  day  or  two,  light  gauze  pack- 
ing are  the  measures  required.  If  the  inexperienced  surgeon  is  tempted  to 
make  a  small  opening  into  which  he  inserts  a  drainage  tube,  convalescence 
will  probably  be  slow ;  the  better  plan  is  to  make  a  triangular  opening  with  the 
apex  at  the  top  of  the  axilla. 

Axillary  adenitis  secondary  to  severe  infections  of  the  arm  or  forearm. — 
Under  these  conditions,  if  no  enlarged  and  tender  lymph  nodes  are  discoverable, 
and  particularly  if  the  infective  agent  is  the  streptococcus,  some  surgeons  advo- 
cate a  clean  dissection  of  the  axilla.  With  this  teaching  I  am  not  in  accord, 
for  I  feel  that  the  lymph  nodes  are  valuable,  not  only  as  sieves,  but  as  germicidal 
agents;  and  it  seems  to  me  that  it  is  especially  in  streptococcus  infections  that 
the  opening  up  of  large  lymph  spaces  is  inadvisable.  Such  infections  in  the 
axillary  Ijnnph  nodes,  before  pus  has  formed,  should  be  treated  conservatively, 
with  rest  in  bed  and  quiet,  the  chief  attention  being  paid  to  the  source  of  the 
infection. 

Carcinoma  of  the  Ends  of  Stumps. — As  a  result  of  continuous  irritation 
by  the  artificial  leg,  or  more  frequently  as  a  result  of  irritation  from  too  tight 
a  cicatrix,  carcinoma  occasionally  develops  in  amputation  stumps.  This  may 
show  itself  as  a  continuous  open,  granulating  wound,  with  or  without  pain, 
and  clinically  the  condition  can  be  determined  only  by  the  chronicity  of  the 
sore  or  by  the  unusual  induration  of  the  edges.  Occasionally  the  ulceration 
may  be  seen  to  progress,  involving  parts  w^here  there  is  no  tension.  In  such 
instances  the  diagnosis  is  easier.  The  two  illustrations  (Figs.  48  and  49) 
show,  in  one,  the  first  type,  in  which  the  diagnosis  except  by  microscopical 
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examination  would  be  difficult;  in  the  other,  the  second  type,  in  which  it 
would  be  easy.  Microscopically,  the  characteristic  squamous-cell  epithelioma 
is  found,  and,  in  general,  this  type  of  carcinoma,  like  that  in  Marjolie's  ulcera- 
tion, is  relatively  benign.  In  this  development  of  malignant  disease  we  have  an 
additional  argument  for  amputation  or  a  plastic  opc^ration  at  a  sufficiently  high 
level  to  remove  any  tension  of  the  soft  parts  over  the  bone. 

Brachial  Paralyses. — In  si)ite  of  all  warnings,  the  temptation  to  place  a 
rubber  tourniquet  about  the  middle  of  the  arm,  in  operations  on  the  forearm 
or  hand,  seems  insurmountable.  In  many  clinics  there  occur,  every  year,  a  few 
examples  of  this  easily  avoided  accident.  One  finds  frequently  that  an  attempt 
to  avoid  injury  is  made  by  covering  the  arm  with  a  towel  or  sheet  wadding 
before  the  tourniquet  is  applied.    The  real  cause  is  not  to  be  found  on  the  out- 
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-Epithelioma  Developing  in  Unhealed  Amputation  Stump  Three  Years  after  Operation 

(Original.) 


side,  but  should  be  attributed  to  pressure  of  the  musculospiral  nerve  against 
the  bone,  for  it  is  the  musculospiral  nerve  which  is  far  more  frequently  involved 
than  the  others.  In  a  case  in  which  the  tourniquet  had  remained  in  position 
for  an  hour,  there  was  complete  paralysis  of  all  nerves  (musculospiral,  median, 
and  ulnar),  which  persisted  for  a  year.  Inasmuch  as  the  operation  was  an 
excision  of  the  elbow,  the  flail-joint,  plus  the  absolute  paralysis,  was  nothing 
less  than  a  calamity.  In  another  instance  in  which  a  tourniquet  had  re- 
mained in  position  for  only  three-quarters  of  an  hour,  in  an  operation  for 
Dupuytren's  contraction  of  the  ring  finger,  it  was  six  months  before  the  paraly- 
sis had  disappeared.  Some  surgeons,  for  this  reason,  have  refused  to  use  a 
tourniquet  on  the  upper  arm.  The  rule  should  be,  never  to  apply  a  tourniquet 
about  the  middle  of  the  arm,  but  always  to  place  it  in  the  axilla,  with  a  pad 
over  the  clavicle,  and  then  to  carry  the  tube  in  figure-of-8  fashion  around  the 
opposite  axilla.  If  the  tourniquet  is  held  away  from  the  root  of  the  neck  by 
the  hand  of  an  assistant,  no  paralysis  will  ever  occur.  In  operations  upon  the 
hand,  a  tourniquet  may  be  placed  at  the  junction  of  the  lower  and  middle  thirds 
of  the  forearm,  without  danger,  if  it  is  not  tied  too  tightly. 
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Injuries  to  the  Brachial  Plexus.— Injuries  to  the  brachial  plexus  may  result 
from  direct  or  indirect  violence  and  from  pressure  and  traction,  or  such  definite 
crushing  or  severing  trauma  as  occurs  in  gunshot  wounds,  fractures  of  the 
clavicle,  and  knife  wounds.  There  are  several  varieties  of  post-anaesthetic 
paralyses  or  pareses  which  develop  as  a  result  of  pressure  of  either  the  clavicle 
or  the  head  of  the  humerus  upon  the  plexus.  As  these  almost  invariably  re- 
cover, without  operation,  they  are  merely  mentioned  here.  Although  birth 
paralyses  in  their  etiology  are  the  same  as  those  which  result  from  traction  in 
adults,  they  will  be  considered  later.     (See  page  71.) 


Fig.   49. — Amputation;    Sloughing  of  Flaps;    Healing  by  Epidermization ;  Subsequent  Develop- 
ment of  Epithelial  Carcinoma.      (Original.) 


For  the  pareses  or  sensory  disturbances,  which  may  be  produced  by  a  cervi- 
cal rib,  the  reader  is  referred  to  the  article  on  "Surgical  Diseases  and  Wounds 
of  the  Neck,"  in  Vol.  VI. 

According  to  Sherren,  lesions  of  the  brachial  plexus  may  be  divided  into 
supraclavicular  and  infraclavicular,  the  causation  and  prognosis  differing  in 
each  variety.  The  supraclavicular  injuries,  for  example,  come  from  indirect 
violence — that  is,  traction, — while  the  infraclavicular  are  almost  always  pro- 
duced by  direct  violence  or  by  pressure  of  the  dislocated  head  of  the  humerus. 

Traction  injuries  may  affect  either  the  roots,  the  cords,  or  the  trunks  of  the 
anterior  divisions  of  the  lower  cervical  and  upper  dorsal  nerves.  The  commonest 
injury  is  due  to  extreme  lateral  extension  of  the  head,  with  the  shoulder  fixed, 
or  more  commonly  to  violent  depression  of  the  upper  extremity — as  may  hap- 
pen, for  example,  from  a  fall  on  the  shoulder  while  coasting.  In  these  cases, 
the  brunt  of  the  violence  falls  first  upon  the  upper  cords  or  trunks  of  the  fifth 
or  sixth  cervical,  or  upon  the  whole  plexus.  In  a  rarer  form,  illustrated  by  a 
case  of  my  own,  in  which  the  upper  extremity  was  caught  in  a  revolving  shaft, 
the  traction  was  applied  upward,  and  the  lower  two  trunks  only  were  torn, 
though  the  upper  ones  were  intrinsically  injured.    While  an  actual  tearing 
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asunder  of  the  nerves  can  be  demonstrated  in  some  cases,  the  lesion,  in  the 
majority  of  instances,  consists  of  over-stretching  and  laceration  of  certain  parts 
of  the  nerves,  with  hemorrhage  into  their  substance.  The  subsequent  develop- 
ment of  scar  tissue  fomis  a  knot  of  fusiform  enlargement  and  destroys  the  con- 
tinuity of  the  axis  cylinders.  Rarely,  one  finds  that  the  whole  plexus  consists 
of  a  mass  of  cicatricial  tissue  in  which  the  separate  trunks  and  cords  are  indis- 
tinguishable. Occasionally  the  lesion  is  found  entirely  within  the  nerve  sheaths, 
but  usually  there  is  marked  perineuritis  binding  the  surrounding  tissues  to 
the  plexus.  In  many  cases,  there  is  immediate  total  paralysis  of  the  whole 
plexus.  In  the  course  of  time  the  functional  power  returns  to  a  greater  or  less 
degree;  complete  recovery  taking  place  in  some  cases,  while  in  others  there  is 
persistence  of  the  motor,  and,  to  a  less  extent,  of  the  sensory  paralysis.  In 
traction  injuries,  especially,  there  is  found  involvement  of  the  sympathetic  cord 
in  the  neck,  as  show^n  by  slight  pseudo-ptosis  and  enophthalmos.  The  pupil 
is  smaller  and  does  not  dilate  when  shaded,  and  the  cilio-spinal  reflex  is  absent. 
The  affected  side  of  the  face  and  of  the  upper  extremity  often  does  not  sweat. 
If  the  sympathetic  is  injured,  the  result  is  almost  always  permanent  and  irreme- 
diable. In  general,  coexisting  sympathetic  changes  mean  injury  of  or  near  the 
nerve  roots,  and  give  an  unfavorable  prognosis  for  operative  repair.  Sympto- 
matically,  the  commoner  traction  injuries  result  in  complete  paralysis  of  the 
whole  plexus,  of  the  Erb-Duchenne  or"  upper-arm  type,  or  of  the  Klempke 
lower-arm  type.  The  muscles  involved  and  the  sensory  anaesthesia  may  be 
determined  by  the  usual  methods.  Especial  attention,  however,  should  be 
directed  to  the  presence  or  absence  of  paralysis  in  the  muscles  supphed  by  the 
supraclavicular  nerve. 

Non-operative  Treaimeni.— Immediately  after  the  injury  a  careful  neuro- 
logical examination  should  be  made,  tests  being  applied  to  the  muscles  and 
areas  of  epicritic  and  protopathic  sensibihty.  The  paralyzed  ami  should  be 
placed  in  a  sling,  and,  as  soon  as  pain  and  tenderness  have  disappeared,  massage, 
douching,  etc.,  should  be  employed.  At  the  end  of  two  or  three  weeks  the  mus- 
cles should  be  carefully  tested  for  the  reaction  of  degeneration. 

Operative  Treatment.— ^Yhi\e  it  is  true  that  the  earlier  the  operation,  the 
better  the  prognosis,  the  exact  time  at  which  to  interfere  is  difficult  to  decide. 
Sherren  advises  operation  if  the  reaction  of  degeneration  is  present  at  the  end 
of  fourteen  days.  He  states  that  no  case  of  perfect  recovery,  after  late  suture  of 
the  whole  plexus,  has  been  recorded,  nor  do  I  know  of  a  completely  successful 
case,  even  after  early  suture.  In  gunshot  and  cutting  injuries,  immediate 
operation  is  clearly  indicated,  and  an  endeavor  should  be  made  to  restore 
the  plexus  to  its  original  condition. 

Exploration  at  an  early  date  after  the  injury  is  not  dangerous,  and  if,  at 
operation,  an  actual  tearing  apart  of  trunks,  cords,  or  roots  can  be  demon- 
strated, immediate  suture  is  cleariy  demanded;  but  if  no  definite  solution  of 
continuity  of  the  nerves  can  be  made  out,  it  would  seem  more  conservative 
surgery  to  close  the  wound  and  wait  until  time  has  determined  what  portions 
of  the  plexus  are  peraianently  damaged.     Excision  of  one  or  two  inches  of  trunks 
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or  eorcls  of  the  brachial  plexus,  with  the  usually  resulting  tension,  seems  unjus- 
tifiable, unless  it  is  certain  that  no  natural  repair  can  take  place.  In  a  number 
of  the  cases  which  have  been  operated  upon  at  periods  varying  from  four  months 
to  two  years  after  injury,  absolute  jiaralysis  existed  from  the  beginning,  and 
the  whole  plexus  was  found  to  be  so  inextricably  fused  with  the  surrounding 
structures,  through  the  medium  of  tough  connective  tissue,  that  amputation 
at  the  shoulder  seemed  the  only  proper  course  to  pursue,  and  this  operation  was 
accordingly  perfomied.  If  only  a  part  of  the  cords  or  trunks  are  injured,  the 
decision  in  favor  of  excision  or  lateral  anastomosis  to  sound  nerves  must  depend 
upon  the  conditions  found  in  the  individual  case.  From  the  time  of  the  acci- 
dent to  that  of  operation,  and  for  years  afterward,  it  is  of  vital  importance  that 
the  nutrition  of  the  muscles  should  be  maintained  by  regular  treatment  with 
massage  and  electricity.  In  a  case  of  my  own,  improvement  is  still  taking 
place  three  and  a  half  years  after  operation;  none  could  be  demonstrated  until 
after  a  year  had  elapsed. 

I  wish  to  advocate  exploratory  operation  and  suture  of  obviously  torn 
nerves,  at  the  end  of  three  weeks.  In  case  nerve  stretching,  with  hemorrhagic 
infiltration,  is  the  only  demonstrable  lesion,  the  wound  should  be  closed  and 
operation  postponed  till  a  future  date. 

Brachial  Birth-palsy. — ^Miile  for  many  years  the  exact  explanation  of  this 
not  uncommon  condition  remained  in  doubt,  it  now  seems  quite  clear  that  in 
the  great  majority  of  these  cases  the  paralysis  is  due  to  tension  and  laceration 
or  rupture  of  the  nerves,  exactly  as  happens  in  the  traction  paralyses  which 
have  just  been  considered.  This  subject  has  been  exhaustively  discussed  in  a 
very  valuable  paper  by  Clark,  Taylor,  and  Prout,  published  in  the  American 
Journal  of  the  Medical  Sciences,  1905,  page  670.  Obstetrical  paralysis  seems  to 
be  due,  in  brief,  to  two  causes:  the  damage  done  by  direct  pressure  upon  the 
brachial  plexus  by  the  forceps  or  fingers,  and  that  produced  by  traction.  The 
former  occurs  less  often  and  is  much  less  severe  than  the  latter.  Traction  in- 
juries occur  in  both  breech  and  vertex  presentations,  in  W'hich,  during  confine- 
ment, the  shoulder  is  depressed  when  the  head  is  hyperextended  to  the  other 
side.  Rotation  of  the  chin  away  from  the  lesion  increases  the  tension.  In  the 
paper  quoted  above,  w^hich  has  a  complete  bibliography,  the  various  questions 
in  etiology  are  thoroughly  discussed,  and  the  authors  seem  to  prove  comnncingly 
that  tension  is  the  cause  of  almost  all  of  the  severe  and  permanent  obstetrical 
paralyses.  In  their  anatomical  investigations,  and  in  seven  cases  operated 
upon,  the  authors  found  that  the  lesions  consisted  of  two  sorts:  actual  rupture 
of  trunks  or  cords  (infrequent),  and  rupture  of  the  perineurium,  with  hem- 
orrhage into  and  beneath  the  perineural  sheaths  and  infiltration  of  blood  be- 
tween the  strands  of  nerve  fibres.  The  results  of  actual  rupture  are  self-evident, 
but  organization  of  these  hemorrhages  and  partial  disruption  of  the  nerves 
result  in  subsequent  cicatricial  contraction  and  the  development  of  neurofibro- 
mata  which  permanently  interfere  with  the  function  of  the  nerves.  These 
birth-palsies  differ  in  one  important  respect  from  those  which,  in  adults,  are 
caused  by  injuries  inflicted  upon  the  brachial  plexus:    if  untreated,  they  are 
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followed  by  more  or  less  lack  of  development  of  the  limb,  with  contractures  in 
after  years.  Unless  proper  treatment  is  carried  out,  so  much  degeneration  of 
the  nerves  and  muscles  takes  place  that  a  cure  becomes  impossible.  Under 
proper  orthopedic  treatment,  however,  and  by  the  breaking  up  of  adhesions, 
the  reduction  of  the  frequent  backward  dislocation,  and  the  employment  of 
electricity  and  massage,  considerable  and  even  great  improvement  may  now 
and  then  be  brought  about.  Almost  always,  the  chief  injury  is  located  at  the 
junction  of  the  fifth  and  sixth  roots,  though  lower  nerves  may  be  involved. 
There  may  be  temporary  complete  paralysis  of  the  upper  arm,  which  sooner  or 
later  improves,  or  entirely  recovers,  but  in  the  severer  cases  there  are  left  per- 
manent lesions  in  the  muscles  supplied  from  these  two  roots. 

The  question  of  treatment  is  partly  dependent  upon  the  danger  of  operating 
in  young  infants.  Clark,  Taylor,  and  Prout  do  not  advise  operation  earlier 
than  at  the  age  of  one  year;  others  ad\T.se  it  as  early  as  at  the  end  of  three 
or  four  months.  The  danger  of  operating  naturally  depends  upon  the  extent 
of  the  lesion.  If  only  the  upper  two  cords  are  injured,  the  operation  is  less 
severe  than  when,  in  order  to  gain  proper  exposure  of  the  whole  plexus,  the 
clavicle  must  be  di\1ded.  So  long  as  tenderness  over  the  plexus  shows  the 
existence  of  a  traumatic  neuritis,  all  treatment  should  be  limited  to  passive 
motions,  slight  massage,  and  the  protection  afforded  by  a  sling.  ^Yhen  this 
tenderness  subsides,  more  active  treatment,  of  which  electricity  forms  the  most 
important  part,  may  be  instituted.  The  muscles  may  be  satisfactorily  exam- 
ined after  three  months  for  their  electrical  responsiveness.  If,  at  the  end  of 
ten  months  or  a  year,  there  is  evidence  of  a  persistent  lesion,  an  exploratory 
operation  should  unquestionably  be  done.  Actual  mpture  of  nerve  trunks 
requires  excision  of  both  ends  and  nerve  suturing.  If  a  definite  knot  of  fibrous 
tissue  is  felt  anywhere  in  the  plexus,  this  must  be  excised  until  normal  nerve 
bundles  appear  at  both  ends  of  the  excised  part.  Suturing  should  be  done, 
if  possible,  with  fine  catgut,  which  should  be  passed  only  through  the  sheaths. 
If  the  extent  of  the  damage  is  so  great  that  end-to-end  suturing  is  not  possible, 
either  lateral  anastomosis  or  suture  a  distance  is  necessar5^  The  nerves  should 
be  wrapped  with  Cargile  membrane ;  or  some  form  of  temporaiy  splint,  such  as 
decalcified  bone,  should  be  employed;  or  a  nerve  graft  may  be  used.  The 
suprascapular  nerve,  which  supplies  the  external  rotators  of  the  shoulder, 
must  be  sought  for  with  great  care  and  connected  by  suture  with  the  main 
trunks.  Sherren  states  that  spontaneous  recovery  has  taken  place  at  the  end 
of  three  months  in  about  seventy  per  cent  of  the  cases  under  his  observation. 

All  that  has  been  said  about  persistent  and  thorough  after-treatment  of 
brachial-plexus  injuries  applies  with  even  more  force  to  brachial  birth-paralysis. 

Baseball  Fingers. — Owing  to  the  frequency  with  which  the  game  of  base- 
ball is  played  in  America,  the  resulting  injuries  to  the  fingers  are  extremely 
common,  and,  as  a  rule,  they  end  in  a  pennanent  deformity,  which  sometimes 
amounts  almost  to  a  distortion.  The  reason  for  this  is  obvious:  treatment  is 
carried  out  for  only  a  few  days,  and  then,  as  soon  as  the  early  tenderness  has 
ceased,  the  patient  resumes  ball-playing.     The  injuries  are  of  two  sorts:  a  back- 
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ward  blow  on  the  palmar  surface  of  the  finger  which  results  in  a  dislocation 
with  some  laceration  of  the  ligaments;  or,  more  commonly,  a  blow  on  the  end 
of  the  finger,  the  force  being  transmitted  to  one  of  the  three  joints,  usually  the 
second  or  fii^st  interphalangeal.  A'-rays  have  shown  that  fissures  in  the  bone 
are  much  more  common  than  would  be  expected.  There  result  swelling,  tender- 
ness on  flexion,  and  pain,  and  in  a  few  days  a  fusifonn  enlargement  develops 
about  the  joint,  \\ith.  occasionally,  lateral  displacement  or  rotation  from  lacera- 
tion of  the  ligaments.  If  the  force  has  caused  flexion,  not  infrequently  the 
entensor  of  the  finger  is  mptured  at  its  inseition  into  the  terminal  phalanx.* 

Aside  from  the  question  of  the  ad^'isability  of  stopping  play,  the  surgical 
treatment  of  the  injurs'  consists  in  reducing  the  deformity,  in  making  slight 
dorsal  hy]X"'rextension.  and  in  applying  a  grooved  palmar  splint,  which  reaches 
up  to  the  -^Tist.  The  finger  should  be  immobilized  for  a  week  or  ten  days, 
when  soaking  it  in  hot  water  -uill  be  found  valuable.  Massage  tends  to  irritate 
the  periostemn.  and  results  in  increased  bone  formation.  After  a  couple  of 
weeks,  a  piece  of  nibber  dam  about  one  inch  •\Aide  is  woimd  around  the  finger. 
from  the  tip  to  the  knuckle.  The  moderate  pressure  thus  continuously  exerted 
causes  absorption  of  the  exudate.  After  a  certain  length  of  time,  motion  may 
be  allowed. — first  passive,  then  active. — and,  when  all  tenderness  has  disap- 
peared, massage  will  be  found  invaluable.  In  all  baseball  fingei's  an  .r-ra}- 
photograph  should  be  taken  for  the  purpose  of  determining  to  what  extent  the 
bone  has  been  injured.  But.  even  if  a  negative  result  be  thus  obtained,  the 
surgeon  should  never  forget  that  the  deformity  results  more  from  periosteal 
bone  formation  than  from  even  a  fissured  fracture. 

Hsematoma  of  Quadriceps  Extensor  Femoris  v"Poop"i. — AMiile  tliis  very 
characteristic  mjuiy  may  result  from  other  causes,  it  occurs  most  frequently 
in  the  modem  game  of  football;  much  more  frecjuently  m  the  past,  when  the 
thighs  were  improtected  by  guards,  than  at  present. 

The  rupture  of  portions  of  this  muscle  may  occasionally  be  due  to  tension, 
such  as  kicking  the  ball,  but  most  commonly  it  results  from  direct  ^iolence 
applied  to  the  front  of  the  thigh,  either  from  a  kick  or  from  a  low  tackle  in  which 
the  shoulder  is  forced  against  the  thigh.  Only  the  second  variety  -^-iU  be  con- 
sidered. XaturaUy,  there  are  all  grades  of  severity,  from  a  sUght  bruising  of 
the  muscle  to  almost  complete  laceration  of  its  fibres,  or  even  tearing  of  the 
fascia  lata.  In  the  severer  cases  there  is  at  once  marked  extravasation  of  blood, 
which  sometimes  may  fill  and  make  tense  the  whole  fascia,  the  circumference 
of  the  leg  being  from  three  to  three  and  a  half  inches  larger  than  that  of  its 
fellow.  As  a  iiile.  there  is  little  pain  when  the  muscle  is  at  rest,  but  there  are 
great  stiffness  and  disability.  Running  faster  than  a  "dog  trot''  is  impossible. 
Within  two  or  three  days,  there  is  almost  invariably  some  effusion  into  the  knee- 
joint. 

The  pathological  condition  is  a  cnish  of  the  muscle  and  fascia  between  the 

*  Baseball  players  are  subject  to  two  other  lesions  which  are  designated  by  them  as  "'Glass- 
arm"  (an  overstrain  of  the  arm  experienced  by  pitchers)  and  "Charley-horse"'  or  "Charley- 
bone"  (knee-joint  trouble). 
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femur  and  the  striking  body.  Now  and  then,  nnmediately  after  the  injury,  a 
definite  hollow  can  be  felt  where  the  muscle  strands  have  been  parted.  This  is 
soon  filled  up  with  blood  clot.  Occasionally  hemorrhage  takes  place  under- 
neath the  periosteum  and  causes  extreme  pain  for  a  few  days.  A  football 
player  who  receives  such  an  injury  early  in  the  season  should  be  considered 
unfit  to  take  part  in  the  game  for  the  rest  of  that  season,  or  for  at  least  a 
month. 

Treatment. — In  my  experience,  massage  is  injurious.  The  patient  should 
be  kept  at  rest  in  bed  for  the  first  few  days,  and  baking  and  moderate  bandag- 
ing should  be  employed.  Both  active  and  passive  motion  may  do  some  good, 
but  not  until  the  acute  soreness  has  disappeared  should  massage  be  used,  and 
then  it  should  be  begun  with  care  and  gentleness.  The  effusion  in  the  knee  is  a 
secondary  phenomenon  and  is  due  either  to  settling  of  blood  or  to  lymphstasis, 
and  does  not  require  active  treatment.  As  the  swelling  subsides,  there  can  be 
felt  more  and  more  clearly  a  muscle  callus,  which  may  or  may  not  be  attached 
to  the  bone.  One  or  two  cases  have  been  operated  upon  in  the  fear  that  a 
sarcoma  had  developed,  and  at  operation  it  was  found  that  there  had  been  some 
proliferation  in  the  bone  from  the  irritated  periosteum,  and  that  a  small  cyst 
had  formed.  The  swelling  requires  months  for  its  subsidence  and  not  infre- 
quently leaves  behind  a  permanent  callus,  with  some  atrophy  of  the  surround- 
ing muscles. 


SURGICAL  DISEASES  AND  WOUNDS  OF  THE 
ABDOMINAL  WALL. 

By  J.  D.  GRIFFITH,  M.D.,  Kansas  City,  Missouri. 


I.  ANATOMICAL  AND  EMBRYOLOGICAL  CONSIDERATIONS. 

Ix  the  transformation  of  the  primitive  into  the  completed  abdominal  wall 
the  protovertebral  masses  or  segments,  situated  on  both  sides  of  the  dorsal  cord, 
give  rise  to  the  two  muscular  plaques  which  penetrate  forward  toward  the 
central  line  of  the  abdominal  wall  and  eventually  unite  to  form  the  linea  alba. 
Thus,  it  may  be  said  that  the  contents  of  the  abdomen  are  completely  enveloped 
by  a  muscular  pouch,  in  which  at  first  there  is  normally  only  one  point  where 
the  wall  of  the  pouch  remains  open,  viz.,  the  iraibilicus,  through  which  pass 
the  miibilical  vessels — ^the  hypogastric  arteries  and  the  large  umbilical  vein. 
After  birth  this  space  between  the  recti  muscles  is  closed  by  a  sphincter-hke 
band  of  circular  fibres  the  contraction  of  which  causes  the  integimient  to  be 
drawn  inward.  At  a  still  later  period  the  ring  becomes  obliterated,  partly 
through  cicatrization. 

The  large  umbilical  vein,  which  occupies  the  upper  segment  of  the  umbilical 
opening,  afterward  becomes  the  round  hepatic  ligament;  it  is  feebly  united  to 
the  scar  and  frequently  adipose  tissue  intervenes.  At  this  point  the  peritoneum, 
which  rests  upon  a  layer  of  fibrous  tissue  (Richet's  umbilical  fascia),  not  unlike 
the  transversalis  fascia  of  the  inguinal  region,  is  doubled  upon  itself.  Between 
the  fascia  just  mentioned  and  the  posterior  surface  of  the  linea  alba  there  exists 
a  space.  The  cutaneous  investment  of  the  umbilical  scar  is  attenuated;  it 
contains  no  hair  follicles.  From  an  anatomical  standpoint  the  navel  must  be 
regarded  as  a  defectively  organized  area  in  the  abdominal  wall — one  which  is 
more  liable  than  any  other  part  of  this  wall  to  give  way  under  a  strain.  Fortu- 
nately, its  position  is  such  that  it  is  measurably  protected  against  the  effects 
of  the  force  of  gravity. 

Dr.  W.  J.  Mayo  advises  strongly  against  removal  of  the  umbilicus  in 
abdominal  operations.  The  importance  of  adopting  this  practice,  it  may  be 
stated,  was  learned  through  the  serious  objections  which  the  Scandinavians, 
Bohemians,  and  Poles  made  to  the  removal  of  this  structure. 

Lymphatics.^ — The  lymphatics  are  divided  naturally  into  superficial  and 
deep,  or  cutaneous  and  muscular.  The  superficial  are  divided  into  anterior  and 
posterior.  The  anterior  vessels  of  the  superficial  group  converge,  as  a  rule, 
toward   the    inguinal    lymph    nodes.     Those,  however,  which    arise  from  the 
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costal  margins  and  upper  epigastric  space  discharge  into  the  axillary  nodes. 
The  posterior  vessels  take  their  rise  in  the  lumbar  regions,  converge  to  a  line  just 
above  the  crest  of  the  ilium,  and,  uniting  with  the  anterior  ones,  empty  into  the 
superficial  inguinal  nodes.     (See  Plate  XVIII,  in  Vol.  II.) 

The  deep  lymphatic.^,  which  arise  principally  from  the  fleshy  portion  of  the 
muscles  of  the  abdominal  wall  and  from  the  aponeuroses,  are  arranged  in  several 
distinct  groups.  One  of  these  groups  accompanies  the  deep  epigastric  artery 
and  terminates  in  the  retrocrural  lymph  nodes;  another  accompanies  the  deep 
circumflex  iliac  and  terminates  in  much  the  same  manner  as  do  those  which 
accompany  the  deep  epigastric  artery;  a  third  group,  known  as  the  lumbar 
lymph  channels,  follows  the  lumbar  arteries  and  empties  into  the  juxta-aortic 
lymph  nodes;  and,  finally,  a  fourth  group  terminates  in  the  inteiTial  mammary 
lymph  nodes. 

The  Ijanphatics  of  the  umbilical  region  possess  considerable  practical  im- 
portance. According  to  Poirier  and  Cuneo  they  are  divided  into  the  cutaneous 
lymphatics,  the  lymphatics  of  the  fibrous  nucleus,  and  those  of  the  aponeurotic 
ring. 

The  cutaneous  lymphatics  in  the  adult  come  from  the  skin  which  covers  the 
fibrous  nucleus  of  the  umbilicus.  From  this  rather  close  network,  as  a  starting- 
point,  four  or  five  trunks  pass  outward  and  downward  toward  the  inguinal 
region.  These  lymphatics  lie  in  a  more  superficial  plane  than  the  cutaneous 
lymphatics  of  the  abdominal  wall  and  terminate  in  the  superficial  inguinal  nodes. 
It  is  well  to  remember  that  none  of  the  lymphatics  at  the  level  of  the  umbilicus 
terminate  in  the  axillary  nodes. 

The  lymphatics  of  the  fibrous  nucleus  of  the  umbilicus,  three  or  four  of  which 
are  found  on  each  side,  penetrate  directly  the  sheath  of  the  rectus,  following 
the  ramifications  of  the  deep  epigastric  artery,  and  appear  under  the  fold  of 
Douglas,  where  they  are  united  with  the  Ijnnphatics  which  arise  from  the  deeper 
wall  of  the  sheath  of  the  recti  muscles. 

The  lymphatics  of  the  aponeurotic  ring  are  in  two  sets — anterior  and  posterior. 
Those  of  the  anterior  set  originate  from  the  entire  circumference  of  the  umbilicus 
and  pass  over  the  sheath  of  the  recti  muscles.  Some  of  these  traverse  the  sheath 
of  the  recti  muscles  and  unite  with  the  lymphatics  of  the  fibrous  nucleus,  while 
others  penetrate  the  internal  and  external  oblique  muscles  and  terminate  in 
the  external  iliac  and  retrocrural  nodes.  The  lymphatics  of  the  posterior  set 
seem  to  have  their  origin  in  a  peri-umbilical  network  on  the  posterior  surface  of 
the  sheath  of  the  recti  muscles.  Some  of  these  perforate  the  trans versalis  and 
follow  the  course  of  the  deep  circumflex  iliac  artery,  or  they  accompany  the 
lumbar  artery^,  passing  into  the  juxta-aortic  lymph  nodes;  while  others  run 
downward  with  the  ramifications  of  the  deep  epigastric  artery  and  terminate 
in  the  retrocrural  internal  nodes.  A  certain  number  of  small  lymph  nodes  are 
found  in  the  abdominal  wall,  scattered  along  the  course  of  these  posterior  lym- 
phatics. 

Gerota  has  found,  in  two  cases,  that  a  small  lymph  node  is  located  in  the 
subperitoneal  retro-umbilical  cellular  tissue,  at  a  distance  of  from  2  to  4  cm. 
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from  the  umbilicus.  He  calls  att(>ntion  to  this  anatomical  fact  because  this 
little  node  may  serve  as  a  focus  from  which  suppurative  processes  in  this  region 
spread  and  ultimately  give  rise  to  a  condition  to  which  the  term  "phlegmon 
of  Heurtaux  "  has  been  ap]ilied.  It  must  be  remembered  that  the  lymphatics 
of  the  umbilicus  communicate  in  early  life  with  those  of  the  bladder  by  way  of 
a  network  which  surrounds  the  urachus ;  and  that  they  also  communicate  with 
those  cf  the  liver  by  the  network  which  surrounds  the  umbilical  vesick.  A 
knowledge  of  these  facts  enables  us  to  understand  how,  in  a  case  of  a  malignant 
growth  of  one  of  the  abdominal  organs,  secondary  deposits  of  this  gro\\'th  may 
be  found  in  the  umbilicus  or  abdominal  wall. 

General  Nerve  Supply. — The  abdominal  wall  is  supplied  by  the  thoracic 
nerves,  from  the  sixth  to  the  twelfth,  and  by  the  first  lumbar.  The  sixth  and 
seventh  thoracic  supply  the  epigastric  region ;  the  eighth  the  tract  between  the 
epigastric  and  the  umbilical  regions;  the  ninth  and  tenth  the  umbilical  region 
proper;  and  the  eleventh  and  twelfth  thoracic  and  the  first  lumbar  the  inguinal 
region.  When  there  is  rigidity  of  some  of  the  abdominal  muscles  the  lower 
intercostal  muscles  are  also  often  similarly  affected,  owing  to  the  fact  that 
both  sets  of  muscles  have  the  same  nerve  supply.  The  splanchnic  nerves,  w'hich 
supply  the  abdominal  viscera,  take  their  origin  from  the  sympathetic  ganglia 
opposite  to,  and  in  connection  with,  the  sixth  spinal  nerve.  These  pierce  the 
diaphragm  and  join  the  semilunar  ganglia  of  the  solar  plexus.  On  accoimt  of 
the  internal  anastomosis  it  is  easily  seen  how  grave  symptoms  may  follow  any 
injury  of  the  abdominal  wall.  (See  also  Dr.  Mastin's  statement  [p.  112]  with 
regard  to  the  nerve  supply  of  the  anterior  abdominal  wall.) 


11.  SURGICAL  DISEASES. 

Phlegmon. — Phlegmons  of  the  abdominal  wall  may  naturally  be  divided 
into  two  groups — antero-lateral  phlegmons  and  posterior  phlegmons.  Those - 
belonging  to  the  first  group — phlegmons  of  the  antero-lat^ml  abdominal  wall — 
may  have  either  an  internal  or  an  external  origin,  and  they  may  be  located  just 
beneath  the  skin,  in  the  substance  of  the  muscular  tissue,  or  immediately  beneath 
the  peritoneum.  The  superficial  phlegmons  owe  their  origin  to  an  external 
wound  which  affords  entrance  to  infection  and  from  which  develops  a  lym- 
phangitis. Such  a  wound  may  be  inflicted  by  a  cutting  or  piercing  instrument 
(as,  for  example,  a  needle),  or  by  the  chafing  of  a  bandage,  and  the  impurities 
collected  in  the  folds  of  the  skin  and  especially  in  the  navel  furnish  a  prolific 
source  of  infectious  material.  Superficial  phlegmons  may  also  owe  their  origin 
to  an  infection  which  has  come  from  within,  as  from  a  diseased  abdominal  viscus 
(the  intestine  and  the  uterus,  for  example)  in  the  immediate  vicinity,  or  even 
to  an  infection  of  more  remote  origin — a  local  manifestation  of  a  general  infection. 
The  same  etiology  holds  good  for  the  intramuscular  phlegmons;  and  in  this 
connection  it  is  well  to  call  special  attention  to  the  great  danger  attending  the 
" through-and-through "  abdominal  wall  stitch  in  certain  instances. 
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There  have  been  reported  cases  of  subperitoneal  abscess,  of  typhoid  origin, 
with  no  premonitory  local  lesion.  More  common  and  more  interesting  are 
cases  dependent  on  diseases  of  the  abdominal  viscera,  especially  the  intestines. 

Such  a  thing  as  an  idiopathic  phlegmon  of  the  abdominal  wall  does  not 
exist,  although  it  is  often  impossible  to  ascertain  the  cause  or  causes  which  have 
given  rise  to  such  an  abscess.  Aime  Guniard,  in  his  treatise  on  surgery,  has 
shown  that,  in  typhoid  fever,  for  example,  the  absence  of  the  deep  layer  of  the 
rectal  fascia,  in  its  lower  part  below  the  fold  of  Douglas,  may  open  the  way  for 
the  development  of  an  abscess  in  the  substance  of  the  rectus  abdominis  muscle. 

Among  the  circumstances  which,  in  certain  cases,  favor  the  development 
of  an  abscess  or  phlegmon  in  the  rectus  muscle,  may  be  mentioned  the  fact  that 
this  muscle  is  liable  to  undergo  fatty  degeneration  and  that  consequently,  under 
the  provocation  of  a  slight  strain  or  injury,  the  muscle  fibres  rupture,  blood 
escapes  from  the  torn  vessels,  and  there  is  produced  a  haematoma — i.e.,  a  con- 
dition favorable  for  the  development  of  an  abscess. 

The  intestine  and  uterus  have  already  been  mentioned  as  neighboring  abdom- 
inal organs  from  which  may  come  the  infective  material  that  gives  rise  to  the 
abscess  in  the  abdominal  wall.  To  these  should  be  added  the  stomach,  the 
liver,  the  gall-bladder,  the  prostate  and  the  seminal  vesicles,  all  of  which 
organs  may,  when  diseased,  furnish  the  infective  material  necessary  for  the 
development  of  an  abscess  in  the  abdominal  wall.  Instances  corroborative  of 
the  correctness  of  this  statement  have  come  under  the  writer's  observation. 

Abscesses  in  the  periumbilical  region  or  in  the  umbilical  cicatrix  have  their 
peculiarities.  For  example,  the  pus  of  which  they  are  composed  usually  con- 
tains sebaceous  material  of  a  cheesy  consistence  and  sometimes  debris  consisting 
of  shreds  of  linen  or  flannel,  hair,  etc.  These  abscesses,  as  a  rule,  show  no 
tendency  to  spread  to  the  peritoneum;  occasionally,  however,  there  is  danger 
that  secondary  abscesses  may  develop  in  the  liver,  the  infection  spreading  by 
way  of  the  lymphatics  in  the  round  ligament  of  that  organ,  or  that,  from  involve- 
ment of  the  lymph  node  of  Gerota,  a  deep-seated  abscess  may  form,  as  in  the 
case  of  the  phlegmon  of  Heurtaux  referred  to  on  a  previous  page. 

Abscesses  of  the  recti  muscles  occur  both  to  the  right  and  to  the  left  of  the 
median  line  and,  on  account  of  the  linea3  transversa?,  they  appear  in  pouches. 
Like  what  is  observed  in  abscesses  of  any  other  part  of  the  abdominal  wall,  they 
may  contain  typhoid  bacilli,  these  organisms  having  found  their  way  from  some 
broken-down  Peyer's  patch,  the  ulceration  of  which  has  caused  the  correspond- 
ing part  of  the  intestine  to  become  adherent  to  the  abdominal  wall. 

In  abscesses  of  the  space  of  Retzius  the  contents  vary  with  the  cause  to 
which  they  owe  their  origin.  In  a  general  way  we  may  say :  all  of  these  abscesses, 
when  they  are  of  internal  origin,  contain  a  fetid  pus  characteristic  of  para- 
intestinal  suppuration. 

Phlegmons  of  the  posterior  ahdominal  wall  owe  their  origin  to  superficial  pos- 
terior lesions,  such  as  skin  erosions,  the  abrasions  caused  by  the  wearing  of  a  truss, 
subcutaneous  bursse  produced  by  pressure,  etc.,  all  of  which  lesions  may  serve 
as  starting  points  for  infection,  lymphangitis,  and  suppuration.    Fortunately,  all 
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such  cases  possess  one  characteristic  in  common :  the  abscess  is  separated  from 
the  abdominal  cavity  b}^  the  transvcrsalis  fascia,  which  almost  invariably 
compels  it  to  open  outwardly  upon  the  surface  of  the  body. 

As  the  deep-seated  posterior  phlegmons  owe  their  origin  to  some  disease  of 
the  kidney,  the  psoas  muscle,  or  the  spinal  colimm,  we  will  refer  the  reader  for 
information  regarding  them  to  the  appropriate  articles  in  other  parts  of  the  work. 

A  few  words  with  regard  to  the  symptomatology  will  find  a  suitable  place 
here.  In  acute  phlegmon  we  have  three  stages:  first,  that  of  the  onset  of  the 
disease;  second,  the  stage  of  phlegmonous  inflammation;  and,  third,  the  abscess 
period. 

In  the  first  stage  the  symptoms  are  those  of  the  primary  disease,  i.e.,  the 
disease  of  the  liver,  the  intestinal  canal  (typhoid  fever),  the  stomach,  etc. 

The  second  stage  is  the  period  of  phlegmon.  Induration  appears  after  the 
seventh  or  eighth  day;  it  is  saucer-like  in  form,  smooth,  and  resistant.  If  the 
mass  is  located  in  the  subiunbilical  region,  invohdng  the  recti,  it  ^\'ill  terminate 
below  in  a  curve  the  concavity  of  which  is  directed  upward;  this  characteristic 
being  caused  by  the  fold  of  Douglas.  If  the  phlegmon  involves  the  space  of 
Retzius  the  characteristic  just  noted  will  be  lacking;  the  inflammation  will 
appear  to  be  continuous  with  the  pubis.  The  general  symptoms  will  be  at 
their  maximum  at  this  period,  i.e.,  there  will  be  a  marked  chill,  a  sharp  rise  of 
temperature,  an  accelerated  pulse,  marked  thirst,  and  a  diy  tongue — in  brief,  the 
evidences  of  acute  septic  infection,  with  marked  leucoc^losis.  With  the  foraia- 
tion  of  pus  an  abatement,  more  or  less  marked,  of  these  symptoms  takes  place. 

In  the  third  or  abscess  period  spontaneous  openings  may  occur  in  the  skin. 
The  umbilical  abscess  may  open  internally.  AMien  the  abscess  is  located  in 
the  space  of  Retzius  there  is  danger  that  the  pus  wiU  break  through  into  the 
peritoneal  cavity,  into  the  large  intestine,  into  the  bladder,  or  into  the  rectum. 
Thus,  in  the  latter  instances,  a  most  intractable  fistula  may  be  formed,  espe- 
cially if  the  skin  is  perforated  at  the  same  time. 

In  the  chronic  form  the  symptoms  are  frequently  very  slight,  so  much  so 
that  the  patient  may  go  on  indefinitely  \\ithout  consulting  a  surgeon.  Laider  these 
circimistances  the  abscess  wall  and  the  contained  pus  seem  to  be  innocuous. 

So  far  as  the  diagnosis  is  concerned,  no  difficulty  is  presented;  the  nature 
of  the  trouble  is  in  most  cases  apparent.  In  the  case  of  a  deep  abscess  or  phleg- 
mon, however,  it  is  easily  possible,  upon  a  mere  physical  examination,  to  con- 
found the  condition  with  an  intra-abdominal  tmnor.  But,  if  the  preceding 
history  is  taken  into  consideration,  there  should  be  no  difl&culty  in  clearing  up 
the  diagnosis. 

A  free  incision,  combined  with  the  usual  cleansing  measures  and  dressings, 
constitutes  the  only  rational  plan  of  treatment.  After  the  abscess  ca^dty  has 
been  thoroughly  cleansed  it  should  be  packed  lightly  with  antiseptic  gauze, 
which  should  be  changed  as  often  as  circumstances  may  require.  If  the 
abscess  be  deep-seated,  care  should  be  taken  in  cleansing  it  not  to  perforate  the 
peritoneum.  Should  there  be  a  communication  wdth  the  intestinal  canal,  it  is 
always  advisable  to  allow  the  condition  to  become  chronic  before  attempting  the 
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necessary  means  of  repair.  (Consult  also  the  article  on  Abscesses,  in 
Volume  II.) 

Ulceration. — Ulceration  of  the  abdominal  wall  usually  results  from  infection 
introduced  by  scratching  with  dirty  finger  nails  or  by  an  abrasion  caused  by  the 
clothing  in  an  individual  who  neglects  to  keep  the  skin  or  clothing  properly  clean, 
especially  in  the  region  of  the  umbilicus.  It  is  apt  to  develop  in  rum-drinkers, 
who  are  affected  with  cirrhosis  of  the  liver,  whose  veins  are  enlarged  and  tortuous, 
and  whose  skin  and  subcutaneous  tissues  are  overcharged  \Wth  blood.  The 
scratching  of  a  pimple  under  these  circumstances- — i.e.,  in  a  person  whose 
powers  of  resistance  are  below  par — may  give  rise  not  only  to  a  simple  ulcer, 
but  eventually  to  one  of  a  phagedenic  character.  Under  ordinan,-  circum- 
stances, however,  the  ulceration,  in  this  part  of  the  body,  is  usually  of  an  indo- 
lent character,  -^ith  thickened  edges.  Ulcers  of  the  abdominal  wall  may  be 
the  result  of  venereal  infection — chancre,  chancroid,  or  gonorrhoea. 

In  general,  the  diagnosis  presents  no  special  difficulties. 

So  far  as  the  treatment  is  concerned,  cleanliness  constitutes  the  most  important 
element.  "\Mien  the  ulcer  and  the  surrounding  parts  have  been  thoroughly 
cleansed,  antiseptic  dressings  should  be  applied.  In  ordinaiy  cases  this  is  all 
that  is  required;  but  in  a  case  of  chancroidal  ulcer  or  in  one  of  a  phagedenic 
character  it  will  be  necessary  first  to  cauterize  it  thoroughly  with  nitric  acid 
and  then  to  apply  an  aqueous  solution  of"  sodium  bicarbonate,  or  else  to  apply 
first  pure  carbolic  acid,  for  from  two  to  five  minutes,  and  afterward  alcohol. 

Cysts  of  the  Urachus. — These  tumors,  which  represent  a  collection  of  fluid 
in  a  patent  urachus,  are  found  in  the  anterior  abdominal  wall.  The  urachus, 
which  represents  what  remains  of  the  allantois  after  the  embrs^o  has  reached  a 
certain  stage  of  development,  is  stOl  patent  at  the  second  month  of  intra-uterine 
life.  It  stretches  from  the  bladder  to  the  umbilicus.  As  pointed  out  by  Dr.  J.  F. 
Binnie  in  his  article  on  "Formation  of  the  Urachus,"  this  strip  of  tubular  tissue, 
in  the  early  stages  of  development,  is,  like  the  bladder,  completely  surrounded 
by  peritoneum  except  where  a  meson  attaches  it  to  the  ventral  wall.  This 
meson,  as  Binnie  mentions,  sometimes  becomes  lengthened  at  points,  thus 
gi\ang  rise  to  a  sacculated  condition  of  the  tube;  and,  as  a  further  result  of  this 
normal  obliteration  in  certain  parts  of  the  tube,  there  are  produced  cysts  which 
are  provided  each  one  with  a  long  meson  pedicle  and  are  surrounded  by  peri- 
toneum. Should  this  cord  continue  to  remain  perv'ious  in  even  a  verv'  slight 
degree,  permitting  communication  with  the  bladder,  it  becomes  possible  for 
a  urachal  cyst  to  develop,  and  this  is  especially  likely  to  occur  if  any  interference 
with  the  expulsive  function  of  the  bladder  should  arise.  The  urachus  is  well 
supplied  ^^ith  blood-vessels. 

There  are  two  general  forms  of  cysts  of  the  urachus;  first,  the  pedunculated 
variety;  ■  and,  second,  those  which  are  more  or  less  embedded  in  the  anterior 
abdominal  wall,  but  which  have  their  posterior  surface  covered  by  peritoneum. 

Urachal  cysts  usually  appear  in  middle  life,  and  they  are  more  common  in 
females.     Vesico-umbilical  fistulse,  on  the  other  hand,  are  more  frequent  in  males. 

The  symptomatology  of  cysts  of  the  urachus  varies  considerably.     In  the 
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form  in  which  the  iirachiis  is  described  as  ''presentmg  the  appearance  as  if  it 
were  knotted  or  had  excrescences''  there  may  be  no  subjective  signs  whatever: 
the  abdominal  condition  is  discovered  accidentally,  as  in  making  an  examination 
for  some  intra-abdominal  trouble.  But,  under  the  influence  of  a  traumatism, 
these  small  cysts  may  become  inflamed  and  may  cause  not  a  little  trouble.  In 
the  majority  of  these  cases  the  history  is  that  of  an  acute  illness,  \\-ith  the  rather 
sudden  development  of  an  abdominal  tumor.  (^Douglas.)  Generally,  the  attack 
is  preceded  by  an  acute  or  chronic  form  of  disease  of  the  bladder  or  urethra,  in 
the  coui'se  of  which  there  is  likely  to  have  been  retention  of  urine.  The  patient 
runs  dovm.  rather  rapidly:  there  is  marked  pain,  usually  dull  and  heaAy,  and 
accompanied,  as  a  rule,  by  pressure  downward  in  the  lower  abdomen:  there  are 
nausea  and  vomiting,  with  decided  prostration:  constipation  is  present:  and 
the  urine,  which  is  passed  vnxh.  some  difficulty,  is  diminished  in  quantity  and  is 
usually  loaded  vdth.  mucus  and  pus.  Examination  reveals  the  presence  of  a 
tumor  below  the  imibilicus.  If  the  abdominal  walls  are  relaxed,  it  is  very  easy 
to  demonstrate  that  this  is  a  mm'al  tumor,  asymmetrical  in  shape,  inunovable, 
soft,  and  fluctuating;  and  if  it  be  of  considerable  size  it  will  be  foimd  that  its 
upper  surface  is  flat  and  that  it  bulges  laterally.  Douglas  speaks  of  the  per- 
cussion sound  as  being  of  a  dull  character,  fading  gradually  from  below  upward 
to  the  hmit  of  the  tumor.  He  attributes  this  to  the  fact  that  the  expansion  of 
the  tumor  forces  the  intestines  out  of  the  pehis.  Should  the  tumor  push  do-^-n- 
ward  into  the  pehis.  distention  of  the  bladder  can  be  demonstrated  by  the 
catheter  or  by  the  cystoscope.  A  microscopic  examination  of  the  fluid  "^ith- 
drawTi  from  the  cyst  ^"ill.  as  a  nile.  settle  the  cUagnosis.  by  demonstrating  the 
presence  of  polygonal  epitheliimi.  Stones  have  been  found  in  these  cysts.  The 
pathological  conditions  for  which  the  latter  may  be  mistaken  are  the  following: 
intra-abdominal  gro"^l:hs.  parovarian  timiors.  encysted  tuberculous  peritonitis, 
and  hydronephrosis. 

Dr.  W.  J.  Mayo  reports  two  cases  of  cysts  of  the  urachus.  m  one  of  which  the 
cyst  was  as  large  as  a  fcetus  at  nine  months.  Death  from  gangrene  of  the 
peritoneimi  followed  operation.  Tate  reports  two  cases  of  death  from  opera- 
tion on  a  cyst  of  the  urachus  in  which  the  sac  was  dissected  out. 

Treatment. — Incision  of  the  tmnor  and  evacuation  of  its  contents  are  the 
measures  first  required.  After\\-ard,  the  cyst  canity  should  be  washed  out  with 
normal  salt  solution,  and  then  a  weak  solution  of  iodine,  of  about  the  color  of 
sherr}'  wine,  should  be  applied,  due  care  being  taken  to  provide  thoroughly  for 
drainage. 

Endothelioma  of  the  Urachus. — Dr.  W.  J.  Mayo  reports  a  single  instance  of 
this  disease,  which  is  of  rare  occurrence.  Removal  of  the  growth  was  soon 
followed  by  a  recurrence  which  caused  the  patient's  death.  The  diagnosis  of 
such  an  endothelioma  rests  upon  the  results  of  an  examination  with  the  micro- 
scope and  upon  the  rapidity  of  gro's^'th  of  the  tumor. 

Patent  Urachus. — This  condition  has  been  found  in  four  different  forms: — 
(1)  It  may  remain  open  throughout  its  entire  length,  the  urine  escaping  from 
the  imibilicus  (as  in  the  author's  case) :  (2)  it  may  tenninate  in  a  blind  extremity 
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at  the  navel,  the  bladder  end  of  the  duct  remaining  open  in  vaiying  degrees; 
(3)  it  may  be  closed  at  the  navel  and  for  some  distance  from  this  point  in  the 
direction  of  the  bladder,  but  after  that  the  duct  is  patent  and  communicates 
with  the  bladder;  (4)  it  may  be  closed  at  both  navel  and  bladder  ends,  the 
intermediate  portion  forming  an  elongated  cyst.  Several  cases  have  been 
reported  in  which  there  was  no  constriction  between  the  bladder  and  the  urachus; 
instead,  the  bladder  presented  a  funnel-shaped  extension  which  terminated 
in  a  blind  cul-de-sac  at  the  navel.  According  to  Vaughan  there  are  on  record 
ciuite  a  number  of  instances  of  patent  urachus  of  the  blind  internal  variety  which 
later  became  converted  into  the  complete  variety  by  a  rupture  through  the 
navel  or  by  the  opening  of  an  abscess  at  or  near  the  umbilicus.  In  the  great  ma- 
jority of  cases,  in  which  the  diagnosis  was  correctly  made,  the  condition  was 
that  of  a  completely  patent  urachus  that  had  existed  from  the  time  of  birth. 
Walter  and  Wutz,  as  the  result  of  a  large  number  of  autopsies,  have  arrived  at 
the  conclusion  that  the  majority  of  persons  have  a  urachus  which  is  patent 
throughout  a  varying  length  of  its  course,  but  which  at  the  navel  is  closed 
permanently,  while  at  the  bladder  the  communication  is  shut  off  by  means  of  a 
valve  O^^utz)  located  in  the  dome  of  that  organ.  Any  obstruction  to  the  egress 
of  urine  from  the  bladder  may  be  the  cause  of  an  acquired  patent  urachus  and 
possibly  also  of  the  extension  of  infection  from  the  bladder  to  the  duct.  There 
are  on  record  cases  in  which,  after  prolonged  retention,  urine  has,  suddenly 
burst  forth  from  the  umbilicus.     The  majority  of  cases  occur  in  males. 

Symptoms. — If  the. case  should  be  one  in  which  the  urachus  has  a  concealed 
outlet  externally,  there  will  be  a  constant  discharge  of  muco-pus  from  the  navel, 
and  the  careful  introduction  of  a  sterile  probe  through  the  small  opening,  con- 
cealed more  or  less  by  the  folds  of  the  umbilicus,  will  demonstrate  the  existence 
of  a  fistulous  tract  that  extends  downward  in  the  linea  alba  toward  the  bladder. 
Not  infrequently  a  plugging  of  the  small  opening  in  the  umbilicus  by  foreign 
matters  gives  rise  to  the  fomiation,  in  the  navel,  of  a  small  abscess,  and  the 
patient,  w^hen  he  appHes  to  the  surgeon  for  relief,  is  in  complete  ignorance  that 
he  has  a  congenital  defomiity.  On  two  occasions  the  author  has  found  con- 
cretions— the  so-called  umbilical  stones — in  this  blind  external  fistula;  the 
nucleus  being  formed,  in  each  instance,  of  some  extraneous  material. 

In  those  cases  in  which  the  navel  end  of  the  urachus  is  closed,  or  in  those 
in  which  the  bladder  end  of  the  duct  is  represented  only  by  a  diverticulum  from 
half  an  inch  to  an  inch  in  depth  (as  was  demonstrated  to  be  the  case  in  the  majority 
of  cadavers  examined  by  Binnie),  there  is  no  apparent  reason  why  the  individual 
in  whom  either  of  these  conditions  exists  might  not  easily  pass  through  life 
without  a  subjective  symptom.  But  if,  on  the  other  hand,  the  bladder  end  of 
the  urachus  is  patent  for  a  distance  of  two  inches  or  more,  and  if,  at  the  same 
time,  the  Wutz  valve  maintains  only  partially  its  function,  the  development  of 
any  obstruction  of  the  outlet  of  the  bladder  will  be  hkely  to  cause  the  formation 
of  a  mural  tumor  representing  a  dilatation  of  the  lower  part  of  the  urachus. 
Furthermore,  the  contents  of  this  tumor,  being  composed,  as  they  are,  of  retained 
urine,  may  undergo  decomposition;   in  other  words,  an  abscess  may  fomi,  and 
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this  abscess  may  either  empty  itself  into  the  bladder,  or  may  dissect  a  way  for 
itself  in  one  of  two  directions — outward  to  the  surface  of  the  body  by  way  of 
the  space  of  Rctzius,  or  downward  and  backward  behind  the  bladder.  In  cases 
where  the  urachus  is  patent  throughout  its  entire  length  the  constant  escape  of 
urine  from  the  urachus,  by  way  of  the  navel,  makes  the  diagnosis  self-evident; 
but,  where  both  the  navel  and  the  bladder  ends  of  this  duct  are  closed,  the 
development  of  a  cystic  tumor  will  result. 

Treatment. — The  first  step  recjuired  is  to  search  for  and  remove  anything 
that  may  interfere  with  the  free  nomial  egress  of  urine  from  the  bladder;  and 
in  male  children  one  should  look  especially  for  phimosis. 

AV.  J.  Alayo's  operation  for  the  radical  relief  of  this  condition  consists  in 
thoroughly  dissecting  out  the  tube  from  the  umbilicus  to  within  half  an  inch 
of  the  bladder.  At  this  point  the  duct  and  attached  tissues  are  di\dded,  and 
the  remaining  stump  is  turned  in  toward  the  bladder;  a  purse-string  suture 
being  applied  to  the  region  and  a  small  drain  being  left  in  situ.  Even  when  all 
these  precautions  have  been  taken,  a  discharging  sinus  is  likely  to  persist  for 
a  long  time. 

Among  the  other  measures  which  have  proved  more  or  less  successful  in  the 
treatment  of  this  condition  may  be  mentioned  the  use  of  caustics  and  the  act- 
ual cautery,  the  employment  of  ligatures  and  sutures,  the  slitting  open  of  the 
entire  tube,  followed  by  a  thorough  curetting,  and  the  application  of  pure 
carbolic  acid  and  alcohol.  It  is  well  to  remember  that  all  operative  procedures 
on  this  vestige  of  an  embryonic  condition  are  attended  with  danger  to  life. 

Desmoid  Tumors. — Desmoid  tumors  are  comparatively  rare  growi;hs.  Out  of 
nearly  five  thousand  abdominal  tumors  Cabot,  of  Boston,  found  only  three  which 
were  of  this  nature.  At  the  clinic  at  Tuebingen,  Germany,  Pfeiffer  saw  forty 
cases  during  a  period  of  forty-six  years.  Three  cases  are  reported  in  Powers' 
excellent  paper  on  this  subject.  These  growiihs  are  more  frequent  in  women  than 
in  men,  the  proportion  being  7  to  1 ;  they  occur  most  frequently  in  the  child- 
bearing  period — i.e.,  between  the  ages  of  twenty-five  and  thirty-five  years. 

Etiology  and  Characteristics  of  the  Disease. — Heredity  does  not  figure  as  a 
causal  factor.  No  entirely  satisfactory  explanation  of  the  etiology  of  these 
tumors  has  yet  been  brought  forward.  According  to  the  theory  of  Powers  the 
tumor  represents  an  active  proliferation  of  superfluous  embryonal  elements 
and  of  the  adjacent  normal  connective  tissue. 

The  most  common  site  is  below  the  imibilicus.  The  tumor,  which  varies 
in  size  from  a  hen's  egg  to  a  mass  several  times  as  large,  usually  springs  from 
muscle  or  fascia  by  a  more  or  less  broad  pecUcle.  In  the  majority  of  cases  it 
develops  in  one  of  the  recti  muscles,  and  hence  is  usually  located  on  one  side, 
rarely  in  the  median  line.  Its  shape  is  generally  rounded  or  oval;  the  long  axis 
of  the  tumor  corresponding  to  the  length  of  the  muscle,  and  the  direction  of  the 
growth  which  takes  place  being  determined  by  the  resistance  of  the  overlying 
stmctures.  In  multiparous  women  the  tmiior  pouches  toward  the  anterior 
surface.  In  women  who  have  never  bome  children  the  location  of  the  tumor 
has  been  diagnosed  as  intra-abdominal.     Should  strong  tendinous  or  muscular 
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bands  develop  in  the  line  of  growth  of  the  tumor,  the  mass  assumes  a  lobular 
or  nodulated  shape  or  at  times  the  so-called  cuff- button  form.  These  tumors 
are  usually  surrounded  by  a  distinct  capsule,  from  which  the  tumor  may  readily 
be  shelled  out,  but  when  they  attain  a  large  size  it  will  be  found  necessary  to 
separate  them  from  their  surroundings  by  dissection,  the  sac  having  largely 
been  obliterated  by  pressure.  In  about  sixty- five  of  Pfeiffer's  four  hundred 
collected  cases  he  found  bony  attachments  or  pedicles  connecting  the  tumor 
with  the  ilium,  the  pubic  bones,  or  the  false  ribs. 

Course  and  Symptomatology. — Desmoids  of  the  abdominal  wall  are  usually 
of  slow  gro^\1ih.  Under  certain  circumstances,  however,  they  may  grow  rather 
rapidly,  as,  for  instance,  during  pregnancy;  but,  after  delivery  has  taken  place, 
the  growth  seemingly  ceases. 

Subjective  symptoms  may  be  altogether  absent,  even  until  the  growth  attains 
the  size  of  an  English  walnut;  and  even  then  it  is  painful  simply  because 
it  exerts  mechanical  pressure  on  sensitive  nerve  filaments.  But,  when  the 
tumor  grows  more  rapidly  than  usual,  the  symptom  of  pain  is  likely  to  be  more 
prominent.  Tenderness  on  pressure  is  not  generall}^  in  evidence.  Adhesions 
to  the  skin  are  rare. 

Pathology. —  (By  Dr.  Frank  J.  Hall,  of  Kansas  City,  Mo.,  Pathologist  of  the 
University  of  Kansas.) — "Desmoids  of  the  abdominal  w^all  were  first  described 
by  Lisfranc  in  1837.  Sanger  is  the  author  who  limited  the  term  Desmoid  to  the 
particular  tumors  that  are  here  described.  Mueller  had  previously  employed 
the  term  to  designate  the  entire  group  of  fibromata.  There  has  always  been 
more  or  less  confusion  in  the  classification  of  these  tumors  because  of  the  injection 
of  the  sarcomata  into  the  discussion.  The  writer  wishes  to  exclude  the  sar- 
comata in  this  relation. 

"Taking  all  reported  cases  one  finds,  as  did  Ledderhose,  that  ninety  per  cent 
occurred  in  women,  and  that  about  seventy-five  per  cent  appeared  in  women 
who  had  borne  children.  This  clinical  fact  makes  it  apparent  that  the  condi- 
tions of  the  muscular  and  fascial  wall  of  the  abdomen  in  pregnancy  are  such  as  to 
predispose  to  the  formation  of  these  special  fibromas  in  this  part  of  the  body. 
The  idea  has  been  many  times  advanced  that  the  stretching  and  trauma  asso- 
ciated wdth  pregnancy  and  the  act  of  delivery  so  tear  the  fibres  of  the  fascial 
planes  that  these  tumors  arise  much  as  does  a  keloid  of  the  skin  after  a  burn  or 
other  abrasion  of  the  skin.  This  view  would  place  these  growths  among  the 
reparative  hyperplasias  and  remove  them  from  the  group  of  true  neoplasms. 
With  this  view  the  writer  concurs.  The  close  analogy  which  these  gro^^i;hs  bear 
to  known  traumatic  conditions  of  the  intramuscular  structures — as,  for  example, 
the  muscle  callus  or  interstitial  myositis  and  myositis  ossificans  traumatica — 
makes  this  view  tenable.  Indeed,  there  are  on  record  several  cases  of  calcifica- 
tion of  desmoids.  Pfeiffer  has  recently  reported  forty  cases  from  von  Bruns'  clinic, 
and  he  has  collected  three  hundred  and  sixty  from  literature,  making  it  evident 
that  the  condition  is  not  rare. 

"Most  of  the  tumors  of  this  class  arise  from  the  tendinous  structures  in  con- 
nection with  the  recti  and  follow  in  their  growth  the  direction  of  the  fibres  of 
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the  muscle.  The  shape  of  the  mass  is  usually  that  of  a  compressed  ovoid; 
exceptionally,  it  is  spherical  or  bossated.  The  size  and  rapidity  of  growth  are 
variable.  Cases  of  desmoids  as  big  as  a  child's  head  have  been  reported,  but 
the  usual  size  is  about  that  of  an  egg  or  of  the  palm  of  the  hand,  ^^llen  a  sus- 
pected desmoid  grows  rapidly,  or  is  not  associated  with  the  female  sex  of  the 
childbearing  period  of  life,  sarcoma  should  be  regarded  as  the  probable  condition. 
The  growth  is  usually  slow  but  progressive.  The  patient  experiences  occasional 
tearing  pains  which  are  likely  to  be  more  severe  at  the  time  of  menstruation. 
One  patient  who  came  under  the  observation  of  the  writer,  said  that  at  the 
menstrual  period  the  tumor  throbbed  at  each  cardiac  impulse  and  that  when 
the  finger-nail  was  drawn  hghtly  across  it  the  sensation  was  that  of  a  keen,  deep 
incision. 

"The  form  of  this  class  of  tumors  seems  to  depend  upon  the  point  from  which 
they  originate.  If  the  growth  springs  from  the  fascia,  it  is  usually  encapsulated 
and,  pushing  the  muscle  aside,  it  produces  a  pressure  atrophy  and  thinning  of 
the  opposing  structure.  Such  specimens  are  purely  fibrous  in  structure,  feel  gritty 
under  the  knife,  and  present  the  appearance  of  an  ordinary  fibroid.  If  the 
timior  begins  in  the  sheath  of  the  muscle  it  is  likely  to  project  its  proliferating 
connective  tissue  between  the  indi\adual  muscle  fibres  which  surround  it,  and 
to  cause  various  degenerative  changes  in  them.  Some  undergo  simple  atrophy, 
with  a  proliferation  of  the  sarcolemma  nuclei,  while  other  fibres  are,  for  a  time 
at  least,  hypertrophic.  (See  Plate  XLVIII,  the  figures  of  which  show  a  prolifer- 
ative interstitial  myositis.)  The  surgical  removal  of  this  variety  of  desmoid  is 
diflficult  on  account  of  the  lack  of  limitation  and  the  danger  of  recurrent  gro\\1;h 
if  a  bit  of  the  original  tumor  is  left. 

"In  desmoids,  the  blood-vessels  are  nimierous  and  are  usually  intimately 
connected  with  the  fibrous  tissue  of  the  growth,  so  that  they  gape  widely  when, 
cut.  Their  walls  are  poorly  formed,  and  the  impression  is  left  that  they  are 
dilated  granulation-tissue  vessels  surrounded  by  scar  tissue.  This  defective 
structure  in  the  vessels  leads  to  interstitial  hemorrhages  that  may  later  give 
rise  to  cysts  filled  with,  a  grimious  fluid.  Nutrient  difficulties  may  also 
result  in  a  sort  of  sero-mucoid  degeneration  in  certain  areas — changes  which  have 
led  to  the  appHcation  of  the  term  ''myxo-fibroma"  to  some  specimens  of  this 
variety  of  tumor. 

"WTien  all  the  features  of  these  growths  are  considered  it  is  difficult  to  re- 
sist the  belief  that  they  are  essentially  inflammatory  new  gro\\ths  and  should 
be  so  treated." 

Diagnosis. — The  tumor,  especially  when  small,  is  sharply  defined,  and, 
when  it  springs  from  the  rectus  muscle,  it  is  movable  from  side  to  side.  During 
active  contraction  of  the  muscles  involved  mobility  of  the  timior  disappears. 
Should  the  growth  have  its  origin  from  the  superficial  layer  of  muscle  it  soon 
becomes  prominent.  Those  gro\\1:hs  which  project  into  the  abdominal  ca\ity 
are  apt  to  change  their  position  when  that  of  the  body  is  changed.  Except 
when  they  have  formed  adhesions  with  one  of  the  abdominal  organs  they  are 
not  influenced  by  the  respiratory  movements.     In  some  cases  a  positive  diagnosis 


86  AMERICAN  PRACTICE  OF  SURGERY. 

can  be  made  only  after  an  exploratory  incision,  as  in  the  author's  case,  where 
the  trouble  was  mistaken  for  appendicitis  with  adhesions.  The  growth,  in  this 
instance,  sprang  from  the  internal  oblique  muscle.  It  is  a  good  plan,  in  investi- 
gating a  suspected  desmoid  tumor  of  the  abdominal  wall,  to  seat  the  nude  patient 
on  a  stool,  with  the  back  toward  the  examiner  and  the  body  bent  forward,  so 
as  to  relax  the  abdominal  muscles  as  much  as  possible.  When  the  patient  is 
thus  placed,  it  is  easily  possible,  if  the  tumor  is  located  in  the  abdominal  wall, 
and  even  if  it  should  be  connected  anteriorly  by  adhesive  bands  to  the  neighboring 
bone,  to  insinuate  the  fingers  beneath  the  growth.  Bimanual  manipulation  by 
way  of  the  vagina  and  the  rectum  assists  materially  in  differentiating  such  a  tumor 
from  a  growth  of  the  uterus  or  of  one  of  the  adnexa.  Growths  of  the  stomach, 
liver,  or  pancreas  give  a  history  of  defective  alimentation  preceding  the  discovery 
of  the  tumor.     Omental  tumors  change  position  whenever  the  body  is  moved. 

Treatment. — There  can  be  no  medical  treatment  for  desmoids.  Rubbing 
and  the  application  of  irritating  liniments  will  do  harm  by  causing  a  determina- 
tion of  blood  to  the  tumor  and  thus  increasing  its  growth,  or  by  changing  an 
already  perverted  cell  to  one  of  a  more  dangerous  character.  Extirpation  at 
as  early  a  date  as  possible  should  be  advised,  and  it  should  also  be  remembered 
that,  in  taking  away  a  portion  of  the  muscular  structure  of  the  abdominal  wall, 
there  will  be  left  a  weak  place  which  may  very  easily  become  the  seat  of  a  ventral 
hernia.  Desmoids  arising  from  the  posterior  aspect  of  one  of  the  recti  or  from  the 
transversalis  usually  involve  the  peritoneum,  and  consequently  this  must  be 
excised  with  the  tumor.  The  line  of  incision  should  be  made  in  the  direction 
of  the  long  axis  of  the  growth.  If  it  be  found  surrounded  by  a  capsule,  there 
will  be  no  difficulty  in  shelling  it  out  whole ;  but,  unless  this  be  the  case,  the  only 
safe  course  is  to  carry  the  incisions  wide  of  the  growth,  even  should  it  be  necessary 
afterward  to  transplant  muscular  tissue  to  fill  in  the  space.  Never  sacrifice  any 
skin,  as,  after  suturing  separately  each  plane  of  subcutaneous  tissue,  the  opposite 
edges  of  skin  may  be  brought  together  and  sutured  in  the  cox-comb  fashion 
suggested  by  Koenig — a  method  which  gives  additional  strength  to  the  line  of 
stitches  in  the  skin.  It  is  advisable  for  the  patient  to  wear  an  abdominal  bandage 
for  several  months  after  recovery.  Recurrences  take  place  in  about  forty  per 
cent  of  all  cases.     The  earlier  the  extirpation,  the  less  is  the  liability  to  recurrence. 

Angioma. — This  species  of  tumor,  in  one  of  its  various  forms,  is  observed 
only  rarely  in  the  wall  of  the  abdomen.  It  is  usually  of  congenital  origin,  and 
does  not  involve  the  deeper  tissues.     Early  excision  is  the  proper  treatment. 

Adenoma  of  the  Sebaceous  Glands. — Tumors  of  this  nature  are  very  rarely 
found  in  the  abdominal  wall.  They  may  readily,  as  stated  by  Dr.  W.  C.  Clarke, 
be  confused  with  tumors  that  arise  (1)  from  the  glands  of  the  wall  of  a  desmoid 
cyst,  (2)  from  the  epithelium  of  an  inclusion  cyst,  (3)  from  a  supernumerary 
mammary  gland,  or  (4)  from  a  sweat  gland.  A  microscopical  examination, 
however,  soon  dispels  all  doubt  as  to  the  nature  of  the  tumor.  The  epithelial 
eleHientvS  may  undergo  fatty  metamorphosis  or  mucoid  degeneration,  or  both, 
and  ais  a  result  there  will  be  developed  one  or  more  cysts  containing  a  firm 
material  similar  to  sebum  or  a  dark-brown  watery  fluid.     The  presence  of  acini 
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DESMOIDS  OF  ABDOMINAL  WALL. 

Fig.  1. — Low-power  Drawing  of  Intramuscular  Desmoid  of  Rectus  Abdominis  Muscle.  Shows  the 
enclosed  and  degenerating  muscle  fibres  surrounded  by.  ovoid  nuclei  that  represent  the  proliferated 
sarcolemma  nuclei.  In  many  places  the  fibres  of  connective  tissue  are  separated  and  the  spaces  are 
occupied  by  escaped  red  blood  cells  and  a  serous  fluid. 

Fig.  2. — High-power  Drawing  of  the  Same  Tumor  showing  three  hypertrophied  muscle  fibres  and 
four  atrophic  fibres  that  resemble  multinucleated  giant  cells.  Areas  adjacent  to  this  present  no  muscle 
fibres  in  recognizable  condition,  the  site  of  the  completely  destroyed  fibre  being  represented  by  a  group 
of  sarcolemma  nuclei. 
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aiul  thi'  de^•c•loplllent  of  such  processes  as  fatty  metamorphosis  and  calcification 
are  characteristics  which  belong  especially  to  sebaceous  glands;  and  therefore 
the  giving  of  the  name  sebaceous  adenomata  to  these  tumors  appears  to  be 
warranted.     Operative  interference  is  the  only  proper  therapeutic  procedure. 

Fibroma  Molluscum. — This  fibrous  growth  of  the  skin  may  appear  as  an 
isolated  tumor,  or  a  number  of  such  growths  may  develop  simultaneously. 
They  usually  appear  as  soft  pendulous  masses,  at  times  distinctly  pedunculated ; 
they  are  painless  and  they  are  also  easily  separable  from  all  surrounding  tissues. 
Occasionally  they  grow  to  a  large  size.  They  are  distinguished  from  lipomata 
by  their  smooth  surface  and  by  the  fact  that  they  are  rarely  lobulated.  Usually 
they  are  well  supplied  with  blood-vessels. 

Early  removal  is  advisable,  as  these  tumors,  under  the  influence  of  constant 
irritation,  sometimes  assume  the  characteristics  of  a  sarcoma  and  increase  rapidly 
in  size.  In  removing  them,  one  should  be  careful  to  ligate  thoroughly  the  vessels 
of  the  pedicle. 

Sarcoma  of  the  Skin. — This  variety  of  tumor,  fortunately,  is  observed  only 
rarely  in  the  abdominal  wall.  As  already  stated  above,  what  was  originally  a 
simple  fibroma  may  later  become  converted  into  a  sarcoma,  and  it  is  therefore 
difficult  at  times  to  determine  whether  the  tumor  under  observation  is  merely 
a  fibroma,  or  whether  it  must  be  classed  as  a  sarcoma.  In  still  other  cases  the 
sarcoma  may  develop  from  a  pigmented  nsevus  or  it  may  have  its  origin  from 
seemingly  healthy  tissue.  The  rapidity  of  growth,  the  elasticity,  and  the 
marked  painfulness  of  the  tumor  are  good  indicators  of  malignancy.  Still  more 
pronounced  e\ddences  of  malignancy  are  furnished  by  the  early  breaking  down 
of  the  tumor,  which  then  presents  the  character  of  an  offensive  mass.  The 
deeper  layers  of  the  abdominal  wall  soon  become  involved  and  the  lymph  nodes 
show  that  they  are  the  seat  of  a  mixed  infection. 

The  growth  should  be  promptly  diagnosed  and  excised,  the  incision  being 
made  in  such  a  manner  as  to  leave  a  wdde  margin  of  healthy  tissues  outside  the 
tumor.     If  this  precaution  be  not  taken,  a  recurrence  is  almost  sure  to  follow. 

Carcinoma. — ^Recurrent  carcinoma  in  the  abdominal  wall,  following  opera- 
tions for  carcinoma  of  the  stomach  or  gall-bladder,  has  been  observed  by  Mayo. 
In  several  instances  he  has  known  these  secondary  hard  nodular  deposits  to 
develop  in  stitch  punctures;  and  it  is  now  his  practice  to  decline  to  undertake 
any  intra-abdominal  operative  work  in  cases  in  which  he  finds  small,  hard 
lumps  or  plaques  in  the  miibilicus. 

Lipoma. — Lipomata  may  be  subcutaneous  or  subserous.  The  subcuta- 
neous lipoma  may  be  found  developing  in  any  portion  of  the  abdominal  wall. 
It  is  usually  surrounded  by  a  thin  capsule  of  fibrous  tissue,  is  easily  separable 
from  the  surrounding  tissues,  and,  if  it  has  not  been  subjected  to  constant 
irritation,  it  will  not  be  found  adherent  to  the  overlying  skin.  AMien  the  tumor 
is  compressed  bimanually  the  irregular  polygonal  depressions  and  elevations  of 
the  enlarged  fat  lobules  can  always  be  distinguished.  The  larger  fat  tumors  are 
never  hard,  they  grow  slowly,  and  they  sometimes  attain  an  enomious  size.  In 
the  author's,  case  of  a  man  fifty-six  years  old,  a  lipoma  (subcutaneous),  with,  a 
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four-inch  pedicle,  and  weighing  forty-eight  pounds,  was  removed  from  the  left 
rectus  muscle  just  below  the  umbilicus.  These  growths  are  painless  and  are 
seldom  richly  supplied  with  blood. 

The  treatment  is  extirpation.  There  is  no  danger  that  a  hernia  will  follow 
the  operation. 

The  peritoneal  or  subserous  lipovia  of  the  abdominal  wall  is  a  much  more 
important  growth,  as  pointed  out  by  Lothrop,  of  Boston.  The  preperitoneal 
fat  (usually  from  one-eighth  to  one-half  of  an  inch  in  thickness),  which  is  found 
more  particularly  along  both  sides  of  the  Hnea  alba,  is  attached  by  fibrous  bands 
to  the  underlying  peritoneum.  The  aponeurosis  of  the  muscles  covering  this 
fat  is  studded  here  and  there  with  small  openings  for  blood-vessels  and  nerves, 
and  these  openings  are  more  frequent  along  the  sides  of  the  linea  alba  and  in 
the  epigastrium.  At  one  or  more  of  these  points,  the  abdominal  wall  becomes 
weakened  and  less  able  to  withstand  the  increased  abdominal  pressure.  Under 
such  prolonged  tension  the  tissues  at  the  points  mentioned  undergo  atrophy  and 
furnish  small  openings  through  which  a  small  portion  of  subperitoneal  fat  is 
forced.  The  process  is  a  slow  one,  but,  when  it  has  once  begun,  it  continues 
until  the  mass  of  fat,  be  it  only  as  large  as  the  end  of  the  forefinger,  will  push 
itself  through  the  external  aponeurosis  and  will  appear  as  a  small  tumor  which 
may  be  felt  beneath  the  skin.  "V^Hien  the  opening  through  w^hich  it  has  been 
forced  is  not  too  narrow,  it  may  be  found  practicable  to  reduce  this  little  tumor 
of  fat  tissue.  It  is  easy  to  see,  as  has  been  pointed  out  by  Lothrop,  how  the 
peritoneum  may  become  attached  to  one  of  these  little  masses  of  preperitoneal 
fat,  and  then  afterward  be  drawn  by  it  through  the  opening  in  the  aponeurosis; 
thus  establishing  a  condition  which  favors  the  development  of  epigastric  hernia. 

Fatty  tumors  from  preperitoneal  fat  are  not  very  uncommon.  As  a  rule, 
they  do  not  arise  from  trauma,  although  in  some  cases  they  may  originate  in 
this  manner.  They  may  give  rise  to  considerable  disturbance,  the  symptoms 
differing  only  slightly  from  those  caused  by  a  small  ventral  hernia.  As  the 
filaments  of  the  ilio-hypogastric  and  abdominal  sympathetic  nerves  anastomose 
freely  with  those  of  the  intercostal  nerves,  the  pain  which  is  referred  to  these 
masses  may  be  due  to  pressure  on  nerve  filaments  or  to  muscular  contractions. 
The  patient  may  finally  be  compelled  to  seek  professional  advice,  not  directly 
because  of  the  small  timior,  but  on  account  of  the  distressing  gastro-intestinal 
symptoms,  as  happened  in  the  two  cases  which  came  under  the  author's  observa- 
tion. It  is  important,  therefore,  that  the  surgeon  should  be  on  the  lookout  for 
possible  cases  of  this  nature  and  should  examine  the  abdominal  surface  carefully 
whenever  there  are  subjective  gastric  symptoms.  He  should  examine  the  patient 
in  a  variety  of  postures — standing,  lying  on  the  back  or  on  the  abdomen,  and 
with  the  abdominal  muscles  lax  or  tense.  When  the  recti  are  tense  it  is  generally 
an  easy  matter  to  discover  the  presence,  in  the  abdominal  wall,  of  any  tumor, 
no  matter  how  small  it  may  be. 

There  is  but  one  treatment  and  this  is  operation.  The  tumor  should  be 
excised,  and  afterward  the  edges  of  the  wound  should  be  brought  together  in 
such  a  manner  as  to  overlap  the  aponeurosis,  as  suggested  by  Mayo. 
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Hydatid  Cysts. — Several  cases  of  hydatid  cysts  of  the  abdominal  wall  have 
been  reported,  ami  more  particularly  one  by  Basile  in  a  girl  aged  seven,  who, 
for  two  years  previous  to  observation,  had  suffered  from  abdominal  pains,, 
diarrhoea,  and  vomiting.  The  tumor  developed  at  the  side  of  the  middle  line,, 
and  grew  to  the  size  of  a  hen's  egg.  Puncture  yielded  clear  fluid,  containing 
succinic  acid  and  sodium  chloride.  A  free  incision  confirmed  the  diagnosis  of 
echinococcus.  The  disease,  which  is  caused  by  the  ingestion  of  the  eggs  of  the 
Tirnia  echinococcus,  occurs  rarely  in  this  part  of  the  body.  It  develops  slowly 
and  is  not  associated  with  pain  until  the  tumor,  by  reason  of  its  large  size,  exerts 
pressure  upon  the  sensitive  nerve  filaments. 

The  diagnosis  cannot  be  made  until  the  evacuation  of  the  cyst  reveals  the 
presence  of  the  characteristic  hooklets. 

Treatment  consists  of  free  incision  and  thorough  drainage. 

Actinomycosis. — Actinomycosis  of  the  abdominal  wall  occurs  only  as  a 
direct  extension  of  the  disease  from  the  intestine.  The  individual  affected 
generally  suffers  at  the  time  from  some  intestinal  disorder  of  a  more  or  less  severe 
type.  Then  an  induration  appears  on  the  abdominal  wall,  at  a  point  where 
the  bowel,  through  ulcerative  action,  has  become  adherent.  The  swelling  soon 
presents  all  the  appearances  of  a  phlegmon,  and  when  it  is  incised  the  contained 
pus  is  found  to  have  a  distinct  fecal  odor  and  to  contain  the  characteristic  ele- 
ments of  the  ray-fungus.  After  one  of  these  abscesses  has  been  incised  and  the 
contents  evacuated,  it  is  necessary  to  exercise  great  care  in  the  treatment  of 
the  abscess  wall,  as,  through  the  employment  of  caustics  or  the  curette,  one 
may  easily  enlarge  the  opening  in  the  intestine.  The  disease,  which  fortunately 
is  rare,  usually  pursues  a  chronic  course.  It  may  have,  as  a  sequela,  a  trouble- 
some intestinal  fistula,  which  requires,  for  its  cure,  an  abdominal  section. 

Tumors  of  the  Umbilicus. — Granuloma. — Granuloma — or,  as  it  is  sometimes 
called,  imibilical  fungus — is  a  disease  that  is  observed  only  in  early  infancy.  It 
develops,  as  a  result  of  uncleanliness,  at  the  time  of  the  falling  off  of  the  stump 
of  the  umbilical  cord.  If  such  an  umbilicus  is  examined  several  weeks  after 
the  navel  should  have  healed,  there  will  be  foimd,  at  the  bottom  of  the  imibiHcal 
hollow,  a  small  mass  of  granulation  tissue,  the  surface  of  which  is  covered  with 
a  purulent  secretion.  This  will  serve  to  distinguish  it  from  entero-teratoma, 
which  is  covered  with  mucous  membrane,  while  the  absence  of  an  opening  will 
distinguish  it  from  a  vitello-intestinal  fistula,     (von  Bergmann.) 

The  observance  of  cleanliness  in  the  management  of  the  umbilicus  at  the 
time  of  birth  constitutes  the  only  prophylactic  treatment.  As  soon  as  the 
granulation-tissue  growth  has  been  discovered  it  should  be  removed  by  scissors 
and  scalpel  under  the  strictest  antiseptic  precautions.  Care  should  be  taken 
to  ascertain  that  the  growth  is  composed  of  nothing  but  granulation  tissue. 

Papillary  Fibroma. — Papillar}^  fibroma,  the  result  of  chronic  irritation,  is 
sometimes  found  in  the  region  of  the  navel.  The  little  timior,  which  may  attaio 
a  diameter  of  an  inch  or  more,  is  made  up  of  branching  papilla?  that  spring  from 
a  peduncle  which  is  firmly  rooted  in  the  umbilical  hollow.  On  account  of  the 
constant  irritation  tumors  of  this  nature  sometimes  become  ulcerated,   and 
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they  may  even  degenerate  into  cancer.     Early  and    complete  removal  is  the 
only  safe  treatment,  even  though  the  peritoneum  has  to  be  invaded. 

Gumma. — Gumma  of  the  umbilicus  is  occasionally  met  with  in  children  of 
syphilitic  parents.  It  may  simulate  a  malignant  groui;h.  The  family  history- 
will  clear  up  the  diagnosis,  and  the  treatment  is  plain.  It  is  surprising  how  well 
so  young  an  infant  will  bear  increasing  doses  of  potassium  iodide,  and  the  absorp- 
tion of  the  growth  is  favored  by  the  occasional  inunction  of  mercury^ 

Fibrosarcoma. — Fibro-sarcoma  of  the  umbilicus  occurs  occasionally  between 
the  ages  of  fifteen  and  fifty,  most  frequently  in  women.  These  tumors  are 
supposed  to  be  the  result  (indirectly)  of  trauma.  They  are  firm  and  have  no 
pedicle;  they  grow  more  rapidly  than  desmoids;  as  in  the  case  of  sarcoma  in 
other  parts  of  the  body,  the  veins  of  the  skin  covering  the  tumor  are  abundant 
and  markedly  dilated;  and  the  related  lymph  nodes  are  not  involved  (except  in 
cases  where  the  surface  has  been  abraded  and  mixed  infection  has  taken  place). 
These  growths  are  apt  to  be  painful,  on  account  of  the  rapid  gro^i;h  and  of 
the  pressure  exerted  on  sensitive  ner\^e  filaments.  They  should  be  removed 
by  excision,  the  knife  going  ^ide  of  the  diseased  tissue  and  including  the 
peritoneum.     Where  there  is  no  ulceration,  the  prognosis  is  favorable. 

Angioma. — Angioma  is  occasionally  met  with  in  the  stump  of  the  umbilicus. 
It  should  be  completely  excised,  the  scalpel  being  carried  through  tissues  that 
have  normal  blood-vessels.     Caustics  should  never  be  used. 

Epithelioma. — Umbilical  epithelioma  may  be  primary,  but,  as  already  stated 
on  a  pre^dous  page,  it  is  usually  secondary  to  carcinoma  of  the  liver  or  stomach. 
As  a  result  of  uncleanliness  which  keeps  the  parts  in  a  state  of  constant  irritation, 
there  develops,  at  the  bottom  of  the  umbilical  pit,  a  shallow  epitheliomatous 
ulcer,  the  surface  of  which  is  covered  with  foul-smelling  secretions  and  crusts. 
The  disease  advances  slowly  and  is  usually  painless.  The  patient,  to  whom 
the  idea  of  cancer  does  not  seem  to  occur,  is  apt  to  let  it  run  its  course,  without 
any  interference,  until  there  is  deep  and  •\Aidespread  involvement  of  the  abdominal 
wall,  with  secondaiy  involvement  of  the  Ijinphatic  vessels  and  nodes.  Epithe- 
lioma here,  as  in  other  parts  of  the  body,  should  be  excised  early,  i.e.,  before 
the  hnnph  nodes  become  involved,  as,  when  this  has  taken  place,  the  prognosis 
is  grave. 

Papilloma. — Papilloma  of  the  imibilicus  is,  under  ordinary  circumstances, 
a  benign  gro\^i;h,  but,  when  it  is  subjected  to  constant  irritation,  it  sometimes 
fomis  a  caulifiower-like  mass — a  papillaiy  carcinoma — with  a  broad  pedicle  and  a 
base  that  sends  its  roots  through  the  entire  thickness  of  the  abdominal  wall. 
The  related  lymphatic  vessels  and  nodes  soon  become  involved  in  the  disease, 
especially  shoulrl  the  mass  ulcerate  and  break  down.  These  growths,  which 
are  painless  and  of  slow  development,  should  be  removed  early  and  thoroughly, 
and  a  microscopic  examination  should  be  made  to  deteiTnine  whether  or  not 
they  are  of  a  malignant  nature. 
.  Scirrhous  Carcinoma. — Scirrhous  carcinoma  of  the  umbilicus  grows  slowly, 
does  not  ulcerate  early,  and  is  followed  by  metastatic  involvement  not  only  of 
the  hnnph  vessels  and  nodes,  but  also  of  the  mesentery.     Its  hard  base,  slowly 
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ulcerating  surface,  and  raised  edges  are  diagnostic.     The  pains  are  like  needle- 
pricks,  and  there  is  a  constant,  thin,  ichorous,  and  foul-smelling  discharge. 

Early  and  thorough  excision  is  the  only  treatment  that  promises  anj-thing. 
The  entire  thickness  of  the  abdominal  wall  and  parietal  peritoneum  should  be 
removed,  the  incision  being  made  in  such  a  manner  as  to  include  at  least  half  an 
inch  of  healthy  tissue  around  the  entire  circumference  of  the  growth.  All 
lymph  nodes  that  c^n  be  found,  especially  those  of  the  inguinal  region,  should 
be  removed. 


III.  WOUNDS. 

Contusions. — A  contusion  may  be  either  supei'ficial  or  deep,  and  may  be 
complicated  with  rupture  of  muscles  or  vessels,  or  -^ith  an  injuiy  of  one  or  several 
abdominal  viscera.  It  may  be  caused  by  direct  blows,  kicks,  falls,  violent 
pinching,  or  forcible  compression  between  opposing  surfaces.  In  the  supei-ficial 
fomi  there  occurs  at  once  a  circumscribed  extravasation  of  blood  from  a  rupture 
of  subcutaneous  vessels;  and  on  the  second  da}'  there  '^ill  be  seen  a  darkened 
area,  attended  -^"ith  no  swelling,  but  with  some  soreness  which  is  e^ddenced  only 
by  pressure,  but  which  is  not  increased  when  fimier  pressure  is  made.  TMien 
the  contusion  involves  the  deeper  stnictures  of  the  wall,  but  T\"ithout  injuring  a 
blood-vessel  of  some  size  or  causing  the  rupture  of  a  muscle,  the  e^•idences  of 
extravasation  may  not  be  seen  at  all,  and  soreness  may  be  felt  over  a  limited 
area  only  when  the  body  is  moved  or  pressure  is  made  over  the  seat  of  the  injur}', 
Biiiises  complicated  by  the  escape 'of  considerable  blood  among  the  tissues  of 
the  muscles  of  the  abdominal  wall,  may  involve  the  nipture  of  two  important 
sets  of  vessels — the  supeiiiicial  and  the  deep.  Rupture  of  the  superfcial  epigas- 
tric artery  may  give  rise  to  such  an  ecch}TQOsis  that  the  skin  of  the  ihac  and 
hypogastric  regions  is  of  a  black  color.  The  extravasated  blood  may  pass  down 
into  the  thigh  or  into  the  scrotmii.  AMien,  as  a  result  of  the  contusion,  the  deep 
vessels  are  torn,  the  extravasated  blood  pushes  its  way  beneath  the  muscles  in 
the  subperitoneal  tissues  or  penetrates  into  the  rectus  muscle,  and.  being  retained 
by  the  fold  of  Douglas,  it  then  finds  its  way  into  the  space  of  Retzius  and,  as  a 
result,  gives  rise  to  s}'mptoms  on  the  part  of  the  urinary  bladder.  As  a  rule, 
extravasation  into  the  rectus  muscle  is  e^'idenced  by  a  cu'ciunscribed  swelling. 

Among  the  abdominal  muscles  the  rectus  is  the  one  most  prone  to  rupture 
when  the  abdominal  wall  is  contused.  This  accident  may  be  due  to  direct  or 
to  indirect  trauma.  An  abmpt  blow  upon  this  muscle,  or  even  a  slight  stroke 
when  it  is  in  an  attenuated  or  degenerated  state,  may  easily  cause  a  nipture.  In  a 
case  reported  by  M.  Leuez,  the  patient,  a  cavalnTuan,  in  attempting  to  mount 
\\ithout  the  aid  of  his  stirrups,  suddenly  experienced  in  the  h}'pogastric  region 
a  shaip  pain  resembhng  a  knife  stab.  He  was. unable  to  repeat  the  attempt,  as 
he  was  doubled  up  with  pain  and  his  respiration  was  entirely  costal.  It  was 
e"\'ident  that  the  sudden  and  imusual  strain  had  caused  a  I'upture  of  a  muscle 
in  the  lower  abdomen.     ^Tien  the  muscle  fibres,  under  circumstances  such  as 
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nave  just  been  described,  are  ruptured,  they  retract,  leaving  an  interspace  which 
quickly  fills  up  \\ith  blood.  After  the  lapse  of  several  days  this  gap  becomes 
apparent,  and  as  a  result  the  abdominal  parietes  are  permanently  weakened  and 
very  liable  to  ventral  hernia. 

The  apparently  trifling  character  of  the  injury  to  the  skin  and  superficial 
fascia  does  not  prove  that  the  deeper  layers  of  the  abdominal  wall  are  not 
severely  lacerated.     Dr.  D.  X.  Eisendrath's  case  shows  this  well: — 

"A  laborer  of  fifty  was  caught  between  the  sides  of  two  street  cars  passing 
in  opposite  directions  and  badly  crushed.  He  was  immediately  admitted  to  the 
hospital  and  on  examination  there  was  found  a  swelling  the  size  of  an  orange  at 
the  summit  of  the  iliac  crest  and  extending  somewhat  below  it;  the  tumor  was 
tympanitic  and  could  be  made  to  disappear  with  a  gurgling  sound  into  the  abdo- 
men. A  diagnosis  of  traumatic  hernia  in  the  triangle  of  Petit  was  made;  operation 
was  immediately  performed  and  extensive  laceration  of  the  abdominal  muscles 
was  unexpectedly  found.  The  only  structure  which  separated  the  general  peritoneal 
cavity  from  the  external  air  was  the  skin;  all  of  the  muscles  normally  attached 
to  the  crest  of  the  ilium,  as  well  as  the  transversalis  fascia  and  peritoneum,  v/ere 
torn  from  their  attachments."      (American  Medicine,  August  27th,  1904.) 

Symptoms. — Tenderness  on  pressure  over  the  seat  of  injury  is  a  constant 
symptom.  Should  the  pain  be  sharp  and  attended  with  muscular  rigidity  and 
shock,  it  is  almost  certain  that  some  internal  organ  is  injured  enough  to  demand 
a  laparotomy.  Swelling  depends  upon  the  amount  of  blood  extravasated. 
The  severity  of  the  shock  is  dependent  upon  a  variety  of  circumstances:  first, 
upon  the  seriousness  of  the  blow  or  injury;  second,  upon  the  contents  of  the 
region  affected;  third,  upon  the  fact  whether  or  not  the  bladder  and  the  intes- 
tinal canal  were  empty  at  the  time  of  the  occurrence  (the  sympathetic  ganglia — 
the  abdominal  brain,  if  we  may  employ  this  term — being  more  readily  but  less 
severely  compressed  when  these  hollow  organs  are  full) ;  and  fourth,  upon  the 
degree  of  rigidity  of  the  muscles  which  is  brought  about  by  expectancy.  That 
a  sudden  hard  impact  in  the  epigastric  region  is  competent  tc  cause  death  by 
shock  is  shown  by  Dr.  Hunter  McGuire's  case  of  the  soldier  who  was  instantly 
killed  by  the  impingement  of  a  bullet  on  his  belt  buckle.  A  post-mortem  ex- 
amination was  made  in  this  case  and  it  was  found  that  no  injury  had  been  done 
to  any  of  the  viscera.  \^omiting  is  apt  to  follow  a  severe  blow  administered  at 
any  point  along  the  linea  alba,  particularly  after  a  full  meal. 

The  most  valuable  symptoms  in  visceral  laceration  are  progressive  rigidity 
and  immobilization  of  abdominal  muscles.  Should  these  symptoms  persist  for 
a  time,  and  be  accompanied  by  a  rising  temperature,  increasing  tenderness,  a 
more  rapid  pulse,  and  an  increasing  blood  count,  a  celiotomy  is  demanded; 
it  matters  but  little  how  light  the  external  contusion  may  seem  to  be.  The 
policy  of  waiting  for  further  symptoms  to  develop  is  likely  to  cost  the  patient 
his  life. 

Diagnosis. — It  is  not  always  possible  to  say  at  once,  in  a  case  of  contusion  of 
the  abdominal  wall,  what  is  the  nature  of  the  injury  inflicted  upon  the  ab- 
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dominal  viscera.  Time  and  a  close  watch  of  the  general  symptoms  are  necessary. 
Neither  shock,  pain,  tenderness  nor  ecchymosis  furnishes  sufficient  evidence  to 
warrant  the  surgeon  in  making  at  once  a  positive  diagnosis  of  existing  condi- 
tions. Hospital  records  show  that  about  three-fifths  of  these  patients  recover 
with  only  slight  or  passing  symptoms;  that  less  than  one-fifth  have  peritonitis; 
and  that  rather  more  than  one-fifth  have,  as  a  complication,  a  rupture  of  one 
of  the  viscera. 

Treatment. — Most  careful 'and  immediate  attention  should  be  paid  to  every 
injury  of  the  abdomen.  The  value  of  rest — absolute  rest — as  a  remedial  agent 
cannot  be  overestimated;  it  should  be  enforced  so  long  as  there  is  the  slightest 
pain  on  muscular  movement  or  when  pressure  is  made  upon  the  injured  part. 
Although  Roswell  Park  says,  "Unaccompanied  by  sepsis  even  the  largest 
htematomata  are  rapidly  absorbed  and  require  no  treatment  beyond  rest  and 
cooling  applications,"  he  also  states  that  "hemorrhage  between  the  layers  of 
the  abdominal  muscles,  or  between  the  abdominal  muscles  and  the  peritoneum, 
may  be  so  extensive  as  to  cause  death,  and  this  result  has  followed  pricking  the 
deep  epigastric  artery  in  the  closure  of  abdominal  wounds."  It  may  therefore 
be  found  necessary,  if  the  hsematoma  is  increasing  in  size,  to  make  an  incision, 
remove  the  blood,  ligate  the  bleeding  vessel,  and  perhaps  pack  the  wound  with 
gauze. 

Burns  and  Scalds. — Burns  and  scalds  of  the  abdominal  wall  are  often  very 
serious  lesions.  In  army  and  naval  life  localized  burns  of  the  abdominal  wall 
may  occur  as  a  result  of  explosions  of  cartridge  boxes,  etc.,  and  are  likely  to  be 
accompanied  by  laceration  or  by  contusions  that  may  prove  even  worse  than  the 
scalds  or  burns  themselves.  This  localization  of  burns  or  scalds  is  of  compara- 
tively rare  occurrence  in  civil  life;  in  most  instances  the  thorax  and  other 
neighboring  parts  being  affected  at  the  same  time. 

The  symptoms,  prognosis,  and  treatment  of  burns  of  the  abdominal  wall 
are  not  different  from  those  cf  burns  in  other  parts  of  the  body.  A^Tien  the 
superficial  area  involved  is  large,  and  when  the  damage  done  extends  to  a  con- 
siderable depth,  there  is  danger  that  the  resulting  inflammation  may  extend 
and  set  up  a  peritonitis.  The  tendency  to  effusion  into  the  serous  cavities  of 
the  brain,  chest,  or  abdomen,  to  ulceration  of  the  duodenum  or  other  parts  of 
the  intestine,  or  to  muco-enteritis,  is  no  greater  in  burns  of  the  abdominal  wall 
than  in  those  of  a  corresponding  degree  in  other  parts  of  the  body.  Death,  in 
these  cases,  is  usually  the  result  of  hemorrhage  or  of  peritonitis  resulting  from 
perforation.  Firm,  fibrous,  contracting  eschars  are  occasionally  left  on  the 
abdominal  wall  as  a  result  of  a. burn  or  scald.  They  may,  in  some  instances, 
be  so  extensive  as  to  produce  a  bowing  of  the  body  forward  or  laterally  and  a 
corresponding  diminution  of  the  stature.  In  a  case  which  came  under  the 
author's  observation  (a  young  girl  upon  whom  hot  embers  had  been  thro'VMi 
and  whose  abdominal  wall  had  in  consequence  become  the  seat  of  a  burn  of 
the  second  degree),  the  eschar  extended  from  the  xiphoid  process  to  the  pubis 
and  measured  at  some  points  six  inches  in  width.  The  treatment  adopted  in 
this  case  was  the  following: 


94 


AMERICAN  PRACTICE   OF  SURGERY. 


The  scar  tissue,  which  represented  a  relatively  narrow,  vertical  jjarallel- 
ogram,  was  incised  in  such  a  manner  as  to  convert  it  into  six  flaps  the  long  axes 
of  which  ran  horizontally  (Fig.  50).  Furthermore,  the  bases  of  these  flaps  WTre 
planned  to  occupy  different  sides  in  alternation;  the  base  of  the  first  flap,  for 
example,  being  on  the  right  side,  while  that  of  the  second  occupied  the  left. 
After  these  flaps  had  been  carefully  dissected  up  from  their  underlying  attach- 
ments they  w^ere  twisted  on  their  bases — those  on  one  side  in  an  upward  and 
those  on  the  other  in  a  downward  direction — and  sutured  in  their  new  positions 


Fig.  50. 


Fig.  .51. 


Fig.  50. — Diagram  Showing  Incisions  Required  for  Making  Six  Skin  Flaps  in  the  Front  Part  of 
the  Abdominal  Wall. 

Fig.  51. — The  Flaps  shown  in  Fig.  50  and  designated  by  the  letters  A,  B,  C,  etc.,  have  here  been 
dissected  up  from  their  attachments  and  tvirned,  half  of  them  uj)  and  the  other  half  down,  into  their 
new  positions. 

partly  to  the  edges  of  the  neighboring  abdominal  wall  and  partly  to  one  another 
(Fig.  51).  The  effect  of  this  re-arrangement  of  the  segments  of  the  eschar  was 
to  change  the  direction  of  its  component  fibrillse  from  one  mainly  vertical  to 
one  largely  horizontal;  in  other  words,  the  new  arrangement  almost  completely 
broke  up  the  former  tendency  of  these  fibrils  to  contract  in  a  vertical  direction 
and  thus  to  produce  a  bending  forward  of  the  body.  As  a  final  result  of  the 
operation  the  patient  gained  two  and  one-half  inches  in  height,  her  general 
health  improved,  and  the  abdominal  pains  ceased. 

Incised  Wounds. — The  incised  wounds  are  caused  by  sharp-edged  or  cutting 
bodies.  As  a  rule,  they  gape  more  or  less,  the  degree  depending  upon  whether 
the  wound  is  parallel  with  or  transverse  to  the  distribution  of  the  muscular 
fibres,  and  also  upon  the  degree  of  tension  of  the  abdominal  wall  at  the  time 
of  the  reception  of  the  wound.  If  the  latter  should  be  a  transverse  one  in  the 
epigastric,  the  umbilical,  or  the  hypogastric  region,  the  spreading  will  be  more 
marked  on  account  of  the  distribution  of  the  fibres  of  the  rectus  abdominis 
muscle ;  and  if  the  epigastric  artery  should  be  cut,  there  will  be  active  hemor- 
rhage, requiring  ligation  of  both  ends  of  the  divided  vessel,  owdng  to  the  fact 
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that  the  branches  of  this  vessel  anastomose  freely  with  those  of  the  internal 
nianiniar}'.  Should  the  deep  ei^igastric  be  cut  with  a  sharp  instrument  in  the 
iliac  region,  there  will  be  danger  of  extensive  hemorrhage  (properitoneal  ha>ma- 
toma)  beneath  the  transversalis  fascia,  and  yet,  on  account  of  the  crossing  of 
the  fibres  of  this  fascia,  there  may  be  no  bleeding  externally,  as  happened  in 
one  of  the  author's  cases. 

In  cases  of  incised  wounds,  the  first  thing  to  do,  in  the  way  of  treatment, 
is  to  stop  the  bleeding,  to  remove  any  foreign  substances  that  may  be 
present,  and  to  render  the  wound  as  aseptic  as  possible.  If  there  is  any 
doubt  whether  the  latter  object  has  been  attained,  it  is  safer  to  provide  drainage. 
In  closing  the  wound  it  is  advisable  to  use  a  separate  line  of  catgut  sutures  for 
each  layer  of  fascia  and  muscle.  The  importance  of  observing  great  care  in 
the  manner  of  suturing  together  tlie  opposite  edges  of  all  divided  tissues  is 
emphasized  by  the  danger  of  a  hernia  occurring  later  at  this  point.  Always 
satisfy  yourself  that  the  peritoneum  has  not  been  opened,  even  though  it  be 
necessary,  for  this  purpose,, to  enlarge  the  already  existing  cut. 

Punctured  Wounds. — These  are  caused  by  pointed  bodies,  such  as  nails, 
spikes,  needles,  foils,  splinters  of  w^ood  or  iron,  etc.  When  inflicted  by  sharp- 
pointed  objects,  these  wounds  resemble  those  of  the  incised  variety;  when  by 
a  blunt  instrument,  they  resemble  lacerated  wounds.  The  skin  and  subcutaneous 
tissues  may  be  transfixed  at  right  angles  or  obliquely,  and  the  track  w^hich 
remains  is  smaller  than  the  instrument  which  inflicted  the  wound. 

In  punctured,  as  in  incised  wounds,  it  is  necessary  to  be  sure  that  no  dirt 
or  foreign  substance  is  left  in  the  track  of  the  wound.  In  other  words,  if  any 
doubt  exists,  the  best  course  is  to  open  the  wound  freely  and  continue  the  explora- 
tion to  the  deepest  point.  Use  both  antiseptic  and  aseptic  precautions,  always 
having  in  mind  that  the  instrument  that  caused  the  wound  was  infected  or 
became  so  in  passing  through  the  clothing.  Hence  suppuration  in  these  wounds 
is  frequent.  The  radiograph  is  not  infrequently  necessary  to  a  successful  re- 
moval of  some  object  imprisoned  in  the  wound.  Drainage  should  be  thorough, 
and  for  this  purpose  it  will  often  be  found  useful  to  employ  small  "rubber  tissue 
rolls"  or  cigarette  drains.  AVhen  suturing  is  resorted  to,  it  should  be  done  with 
the  idea  of  placing  the  flaps  in  good  positions,  and  not  with  the  expectation  of 
obtaining  primary  union.  The  plan  of  placing  over  the  wound  numerous 
layers  of  aseptic  gauze,  wrung  out  of  a  mixture  of  equal  parts  of  sterile  gly- 
cerin and  solution  of  thymol,  and  covered  with  rubber  tissue,  will  ordinarily 
effect  a  prompt  closure  of  the  wound. 

Gunshot  Wounds. — ^This  subject  has  been  treated  so  fully  in  Volume  II.  that 
it  will  not  be  necessary  for  me  to  consider  it  in  the  present  article. 


THE  DIAGNOSIS  OF  TUMORS  OF  THE  ABDOMEN. 

By  MALCOLM  LA  SALLE  HARRIS,  M.D.,   Chicago,  Illinois. 


In  this  chapter  the  word  "tumor"  will  be  used  in  a  very  broad  sense,  so 
as  to  cover  any  mass  which  is  abnormal  in  form,  character,  or  location.  It 
will  therefore  include  not  only  the  new-growths,  but  also  collections  of  fluid, 
misplaced  or  misshaped  organs,  inflammatory  exudates,  etc.,  for,  from  a  diag- 
nostic point  of  view,  an  hypertrophic  tuberculosis  of  the  caecum,  for  instance, 
is  as  much  a  tumor  as  is  a  carcinoma  of  the  same  organ. 

The  term  ''abdomen"  will  also  be  used  in  a  general  rather  than  in  a  strictly 
anatomical  sense,  for  many  tumors  which  project  into,  or  occupy  largely,  the 
abdominal  cavity  have  their  origin  within  the  pelvis,  while  others  may  originate 
in  the  walls  of  the  abdomen  and  thus  be,  strictly  speaking,  entirely  outside  the 
abdominal  cavity;  yet  for  practical  reasons  all  of  these  conditions  should  be 
considered  together. 

The  History. — The  clinical  history  is  often  of  considerable  importance  in  the 
diagnosis  of  abdominal  tumors.  It  not  infrequently  indicates  both  the  particular 
organ  or  part  in  which  the  tumor  is  located  and  also  the  nature  of  this  tumor 
and  the  presence  or  absence  of  complications;  and  it  should  therefore  always 
be  carefully  inquired  into  before  one  proceeds  with  the  direct  examination  of 
the  patient. 

The  sex  will,  of  course,  at  once  exclude  such  tumors  as  are  peculiar  to  the 
opposite  sex. 

The  age  is  of  importance  owing  to  the  tendency  of  certain  tumors  to  appear 
at  particular  periods  of  life.  True  neoplasms  of  the  kidney  are  most  common  in 
infancy  and  early  childhood;  hsematometra  and  hsematosalpinx  about  the  age 
of  puberty;  fibromyomata  of  the  uterus  and  the  ovarian  cystomata  during  the 
period  of  sexual  activity;   carcinomata  during  the  fifth  decennium;   etc. 

The  rapidity  of  onset  and  the  duration  are  of  importance  in  differentiating 
the  acute  inflammatory  swellings  from  the  new-growths.  As  a  rule,  tumors 
which  develop  rapidly,  with  pain  and  fever,  and  those  which  follow  an  injury 
or  an  acute  infectious  disease  or  the  puerperal  state,  are  inflammatory  in  origin, 
while  those  which  develop  slowly  and  apparently  spontaneously,  and  without 
pain,  are  usuall}^  new-growths.  As  a  rule,  malignant  tumors  develop  more 
rapidly  than  the  benign. 

The  symptoms  connected  with  abdominal  tumors  are  seldom  characteristic, 
although  they  frequently  point  to  the  particular  organ  or  part  involved.  They 
may  be  local  or  general.  Local  symptoms  are  due  to  disturbed  functions  of  the 
organs  involved  or  to  the  mechanical  effect  of  the  growth  on  the  surrounding 
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parts.  Thus,  a  tumor  of  the  stomach  obstructing  the  pylorus  may  cause  vomiting, 
as  may  also  a  tumor  of  the  pancreas  which  presses  on  or  displaces  the  stomach. 
Obstruction  of  the  bowel  may  be  produced  by  a  tumor  originating  in  the  bowel 
wall  itself,  or  by  one  which  is  entirely  independent  of  the  bowel;  in  the  latter  case, 
the  obstruction  is  caused  by  pressure  from  without.  Menstruation  may  be  com- 
pletely suppressed,  as  in  pregnancy,  or  increased  in  both  frequency  and  severity, 
as  in  tibromyomata  and  malignant  growths  of  the  uterus.  Disturbed  urination 
may  be  caused  by  pressure  on  the  bladder.  A  tumor  involving  the  kidney 
may  alter  the  quantity  or  quality  of  the  urine.  By  pressure  on  the  iliac 
vessels  or  the  inferior  vena  cava  oedema  of  one  or  both  extremities  may  result, 
and  ascites  may  occur  from  pressure  on  the  portal  vein.  Jaundice  will  be  pres- 
ent if  the  pressure  occludes  the  common  or  the  hepatic  bile  duct.  Pain,  either 
local  in  the  tumor  or  referred  as  a  result  of  pressure  on  some  neighboring  nerve 
trunk,  may  occur. 

The  general  symptoms  relate  to  the  condition  of  the  blood  and  to  the  general 
nutrition.  Thus  there  may  .be  the  usual  secondary  anaemia,  or  the  ansemia  of 
splenomegaly  or  Banti's  disease,  or  leukemia. 

Emaciation  is  quite  common  in  malignant  growths  in  general,  but  is  par- 
ticularly marked  when  the  growths  interfere  with  the  taking  of  nourishment 
or  with  the  retention  of  food  in  the  stomach  or  with  the  digestion  of  the  food 
through  shutting  off  the  pancreatic  juice  and  the  bile  by  pressure  on  the  ducts. 

The  peculiar  emaciation  of  the  upper  extremities  and  face,  seen  in  patients 
with  large  ovarian  cystomata,  is  not  often  met  with  at  the  present  time,  owing 
to  the  fact  that  these  tumors  are  seldom  allowed  to  become  so  large  or  to  persist 
for  so  long  a  time  as  formerly.  Cachexia  may  become  marked  in  the  late 
stages  of  malignancy,  particularly  when  the  growth  has  open  surfaces  which 
are  the  seat  of  infection. 

Methods  of  Examination. — When  possible,  patients  should  be  prepared  for 
examination  by  having  the  stomach,  bowels,  and  bladder  emptied,  and  in  obscure 
cases  it  is  very  desirable  that  the  patient  be  placed  on  a  spare  diet  and  be  given 
laxatives  for  a  few  days  in  order  that  the  entire  intestinal  tract  may  be  empty 
and  free  from  gas.  The  usual  position  of  the  patient  for  examination  is  on  the 
back,  with  the  head  and  shoulders  slightly  elevated  and  the  knees  partly  flexed. 
In  special  cases  the  patient  may  be  examined  while  lying  on  the  side  or  while 
resting  on  the  hands  and  knees,  or  in  the  sitting  or  standing  position.  All  cloth- 
ing should  be  removed  from  the  abdomen  so  that  the  entire  region  shall  lie 
clearly  exposed  to  view.  After  assuming  the  recumbent  position  the  patient 
should  be  permitted  to  rest  for  a  few  minutes  in  order  to  become  composed 
and  to  permit  the  tumor,  should  one  be  present,  to  resume  its  "position  of 
equilibrium."  By  this  term  is  meant  that  location  which  every  movable  tumor 
tends  to  occupy  when  unrestrained,  and  it  is  often  a  matter  of  considerable 
diagnostic  value.  For  instance,  an  enlarged  and  movable  gall  bladder,  when 
displaced  by  the  hand,  will  soon  resume  its  normal  location  of  equilibrium  if 
left  undisturbed,  as  will  tumors  of  the  pylorus  and  of  other  parts  of  the  intes- 
tinal tract,  etc. 
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Inspectio7i. — Before  the  abdomen  is  i:)alpated  it  should  be  closely  inspected 
and  its  general  contour  observed.  It  should  be  viewed  in  a  longitudinal  as  well 
as  in  a  transverse  direction,  and  from  behind  as  well  as  from  in  front.  In  this 
waj''  any  irregularity  of  the  surface  or  any  bulging  laterally  or  posteriorly  may 
be  readily  recognized. 

The  longitudinal  motion  which  is  transmitted  by  the  diaphragm,  during 
respiration,  to  a  mass  within  the  abdomen  is  quickly  distinguished  from  the 
perpendicular  rise  and  fall  of  a  tumor  of  the  abdominal  wall.  The  settling  of 
the  abdominal  wall  about  a  tumor,  which  takes  place  during  expiration  and 
causes  the  latter  to  rise  up  like  a  high  rock  out  of  the  water,  is  very  characteristic 
and  is  quite  different  from  the  slight  expansile  movement  seen  in  ascites,  or  from 
the  arrest  of  the  abdominal  wave  which  is  observed  at  the  edge  of  an  inflam- 
matory mass  in  the  lower  part  of  the  sheath  of  the  rectus  muscles  or  in  the  pre- 
vesical space. 

The  enlarged  epigastric  veins,  either  unilateral  or  bilateral,  due  to  obstruc- 
tion to  the  return  circulation  in  the  iliacs  or  the  inferior  vena  cava ;  the  enlarged 
veins  about  the  umbilicus  in  obstruction  to  the  circulation  through  the  portal 
vein;  the  rh}'thmic  waves  in  the  stomach,  with  obstruction  at  the  pylorus;  the 
peristalsis  of  the  intestinal  loops  cephalad  of  a  tumor  that  causes  partial  ob- 
struction of  the  bowel  lumen;  the  transverse  fold  of  an  excessive  deposit  of  fat 
in  the  abdominal  wall,— a  fold  which  becomes  more  prominent  when  the  patient 
assumes  the  standing  posture;  the  redness  of  the  surface  or  slight  oedema  of 
the  skin  sometimes  noticed  over  an  inflammatory  exudate;  the  bulging  of  the 
umbilicus  in  ascites ;  the  pigmentation  of  the  skin  in  some  cases  of  enlargement 
of  the  spleen, — all  these  are  points  which  may  be  observed  in  an  instant  by  the 
experienced  eye. 

Palpation. — Palpation  is  by  far  the  most  important  method  of  examination 
in  tumors  of  the  abdomen,  for  by  the  sense  of  touch  more  definite  knowledge 
can  be  obtained  than  by  any  other  means.  By  palpation  may  be  determined 
the  size  of  the  tumor,  its  shape  or  outline,  the  character  of  its  surface,  its  con- 
sistency, its  range  of  mobility,  its  points  of  fixation,  its  sensitiveness,  the  pres- 
ence or  absence  of  fluctuation  or  of  pulsation,  the  pecuHar  "purring"  sensation 
of  an  echinococcus  cyst,  the  rhythmic  contractions  of  the  pregnant  uterus,  the 
movements  of  the  foetus  in  utero,  etc.  In  fact,  by  touch  alone  a  diagnosis  can 
be  made  in  a  large  majority  of  the  cases  of  abdominal  tumors;  but,  in  order 
to  accomplish  this,  the  sense  of  touch  must  be  cultivated.  One  feels  under- 
standingly  only  that  which  one  has  been  taught  to  feel. 

Gentleness  in  palpating  is  absolutely  essential  to  fine  differentiation,  as  all 
roughness  is  not  only  productive  of  pain  and  discomfort  to  the  patient,  but,  by 
exciting  an  involuntary  resistance  on  the  part  of  the  patient,  defeats  the  end 
in  view.  Complete  relaxation  of  the  abdominal  muscles  is  necessary  in  order  to 
secure  the  best  results  in  palpation,  but  occasionally  a  patient  is  seen  in  whom 
it  seems  almost  impossible  to  secure  relaxation  when  the  abdomen  is  touched. 
Even  in  these  cases  much  can  be  learned  by  gentleness  and  patience.  By  pressing 
the  hand  flat  on  the  abdomen  while  the  patient  breathes  deeply,  and  sinking 
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the  fingers  deeper  and  deejier  with  each  expiration,  the  entire  abdomen  can 
be  quite  thoroughly  ])al])at(Ml.  However,  in  case  successful  palpation  is  im[)os- 
sible  on  account  of  rigidity,  tenderness,  nervousness,  fright,  or  for  other  reasons, 
an  anaesthetic  should  be  employed,  and  this  should  never  be  neglected  when 
necessary.  When  palpating  the  upper  abdomen  for  masses  which  are  affected 
by  the  movement  of  the  diaphragm,  place  the  palmar  surface  of  the  hand  gently 
on  the  abdomen  and  allow  it  to  remain  while  the  patient  breathes  in  and  out 
several  times.  A  mass  moving  beneath  the  fingers  will  often  be  recognized  in 
thia  manner  by  a  delicate  touch,  while,  if  deeper  pressure  is  made,  the  mass  will 
escape  detection.  Even  the  edges  of  the  normal  liver  can  be  readily  felt  mov- 
ing to  and  fro  like  a  soft  wave  beneath  the  fingers.  In  searching  for  fluc- 
tuation only  the  finger  tips  should  lightly  touch  the  surface,  while,  with  the 
percussion  hammer  or  the  fingers,  a  light,  quick  tapping  is  made  on  the  adjacent 
parts.  In  this  manner  the  very  edge  of  the  liquid  can  often  be  outhned.  It  is 
simply  a  question  of  delicacy  of  touch,  and  this,  it  is  universally  recognized,  is 
a  matter  of  training. 

Bimanual  palpation  is  of  great  value,  not  only  so  far  as  the  pelvic  cavity 
is  concerned,  but  also  in  examinations  of  the  lateral  abdominal  regions ;  in  which 
latter  case  one  hand  is  placed  posteriorly  in  the  lumbar  region  while  with  the 
other  hand  the  region  to  be  examined  is  systematically  palpated  from  the  front ; 
or  the  patient  may  be  placed  on  the  opposite  side  with  the  knees  slightly  flexed, 
which  relaxes  this  portion  of  tlie  abdominal  wall  very  well.  A  mass  occupying 
this  region  may  be  palpated  between  the  two  hands,  and  so  thoroughly  can  this 
be  done  that  not  only  its  shape  but  also  the  character  of  its  surface  and  its  con- 
sistency can  be  readily  determined. 

In  the  presence  of  ascites,  if  the  finger  tips  are  placed  against  the  abdominal 
wall  and  are  then  made  to  communicate  to  the  latter  a  quick,  sharp  stroke, 
there  will  frequently  be  felt,  deep  down  in  the  abdomen,  a  mass  which  would 
escape  ordinarj''  palpation  on  account  of  being  surrounded  by  fluid.  The  quick 
stroke  suddenly  displaces  the  fluid  and  the  fingers  then  strike  against  the  tumor. 
In  this  manner,  if  the  tumor  is  movable, — as,  for  instance,  a  tumor  of  the  omen- 
tum,— a  definite  sensation  of  ballottement  may  be  obtained.  Many  intra- 
abdominal tumors  are  quite  fjeely  movable.  Pagenstecher,  who  has  made  a 
very  careful  study  of  this  subject,  has  shown  that  the  degree  or  range  of  mobility 
of  a  tumor  is  of  considerable  diagnostic  importance.  The  fact  that  a  tumor  is 
movable  indicates  that  it  has  a  pedicle.  This  ma}^  be  quite  long  and  narrow, 
and  composed  of  a  simple  fold  of  peritoneum  containing  blood-vessels,  etc.,  as 
in  tumors  of  the  intestines  or  ovary ;  or  it  may  consist  of  a  more  or  less  constricted 
portion  of  gland  tissue,  as  in  a  "schniir"  lobe  of  the  liver;  or  it  may  be  short 
and  composed  of  a  variety  of  tissues,  as  in  enlargements  of  the  uterus  or  in 
tumors  of  the  stomach.  Be  the  pedicle  what  it  may,  the  principle  is  the  same, 
namely,  that  the  tumor  occupies  the  free  or  movable  end,  and  the  opposite  end 
is  the  fixed  point  of  attachment.  If  the  tumor  be  moved  now  throughout  its 
extreme  range  it  will  be  found  to  describe,  on  the  surface  of  the  abdomen,  an  arc, 
or  a  circle,  or  an  oval,  the  centre  of  which  corresponds  to  the  fixed  end  of  the 
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pedicle.  The  outline  thus  described  is  more  or  less  characteristic  in  each  ease 
and  thus  indicates  the  particular  organ  or  i)art  in  which  the  tumor  has  its  origin. 

The  degree  of  motion  which  can  be  imparted  to  an  enlarged  gall  bladder 
depends  upon  the  length  of  its  meso-cyston  or  the  extent  to  which  its  fundus 
extends  beyond  the  free  border  of  the  liver.  Allien  either  of  these  conditions  is 
marked  the  gall  bladder  may  be  quite  freely  movable  in  a  pendulum-like  manner, 
with  the  concavity  of  the  arc  upward  and  its  centre  or  fixed  point  at  the  edge  of 
the  liver.  The  outline  traced  in  this  case  is  quite  different  from  that  observed 
in  a  movable  kidney.  In  the  latter  the  pedicle  consists  of  the  renal  vessels  and 
the  fixed  point  is  near  the  midline  in  the  lower  epigastric  region.  The  kidney, 
therefore,  when  moved  describes  an  arc  about  this  centre  toward  which  the 
hilus  is  always  directed.  It  should  be  stated  here  that,  \^dth  the  exception  of 
the  smaller  variety  of  hydronephrosis  which  occurs  in  movable  kidneys,  enlarge- 
ments and  tumors  of  the  kidney  do  not,  as  a  rule,  possess  a  wide  range  of  mobility. 

Tumors  of  the  stomach  and  intestines  are  usually  quite  freely  movable.  Of 
the  stomach  tumors  those  of  the  pylorus  are  the  most  movable.  They  can  be 
moved  at  times  throughout  a  large  circle  or  oval  in  the  upper  abdomen — a 
feature  which  is  quite  characteristic.  Tumors  of  the  greater  curvature  are  less 
movable,  and  those  of  the  lesser  curvature  the  least  so.  Tumors  of  the  cardiac 
end  often  cannot  be  felt  at  all,  or,  if  palpable  on  deep  breathing,  can  readilj^  be 
made  to  disappear  under  the  left  costal  arch.  Tumors  of  the  caecum  vary  as  to 
their  mobility.  In  some  cases  they  are  quite  freely  movable,  in  others  they 
become  fixed  at  an  early  period.  When  they  are  movable  the  convexity  of  the 
arc  is  directed  toward  the  midline  and  the  fixed  point  or  centre  is  in  the  lower 
part  of  the  right  side.  Tumors  of  the  sigmoid  flexure  move  about  the  lower 
left  quarter  of  the  abdomen  as  the  fixed  point,  and  the  range  of  motion  depends 
upon  the  length  of  the  middle  portion  of  the  meso-sigmoid.  The  omentum  lies 
free  in  the  abdominal  cavity,  being  attached  only  at  its  superior  border,  and 
this  attachment,  besides,  being  to  movable  organs;  conseciuently  tumors  of  this 
structure,  unless  fixed  by  adhesions,  are  quite  freely  movable  throughout  the 
central  portion  of  the  abdomen. 

Tumors  of  the  root  or  fixed  portions  of  the  mesentery  are  but  slightly  movable, 
while  those  which  are  located  in  the  distal  portion  are  quite  freely  movable  in 
all  directions. 

A  movable  spleen  descends  from  beneath  the  left  costal  arch  and  may  be 
moved  throughout  the  upper  and  left  portion  of  the  abdomen,  at  times  to  or 
beyond  the  midline  laterally  and  as  far  as  the  pelvic  brim  below.  It  maybe 
distinguished  from  a  movable  left  kidney  by  the  fact  that  it  descends  in  front 
of  the  colon  while  the  kidney  is  retroperitoneal.  A  tumor  of  the  ovary  with  a 
long  pedicle  may  form  one  of  the  most  movable  of  tumors  and  at  times  may 
actually  be  placed  in  any  part  of  the  abdominal  cavity.  With  a  shorter  pedicle 
it  may  be  moved  from  side  to  side  and  show  a  distinct  point  of  attachment 
below,  on  one  side  or  the  other  of  the  pelvis. 

A  subperitoneal  fibroid  of  the  uterus  ^a  ith  a  long  pedicle  may  be  freely  mov- 
able in  the  lower  half  of  the  abdomen,  but  its  attachment  to  the  uterus  may 
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be  deterniiiKHl  by  bimanual  examination.  Another  feature  of  interest  con- 
nected with  these  movable  tumors  is  their  change  of  location  under  the  influence 
of  gravity,  and  patients  may  be  examined  in  the  knee-chest  or  knee-elbow  posi- 
tion or  on  the  side,  or  standing,  etc.,  in  order  to  determine  this  point.  As  noted 
under  ''Inspection,"  all  movable  tumors,  however  much  displaced,  have  a 
tendency,  when  left  undisturbed,  with  the  patient  at  rest  on  the  back,  to  return 
to  their  location  of  equilibrium,  and  this  fact  often  indicates  at  once  the  point 
of  origin  of  the  growth.  However  valuable  the  mobility  of  a  tumor  may  be  as 
an  aid  in  diagnosis,  it  should  be  remembered  that  it  is  applicable  only  to  tumors 
which  do  not  exceed  a  certain  size,  and  that  in  the  case  of  a  tumor  of  larger 
size  or  in  one  which  occupies  a  considerable  portion  of  the  abdominal  cavity, 
its  mobility  is  necessarily  more  or  less  restricted  on  account  of  limited  space. 
It  should  also  be  remembered  that  every  tumor  which  ordinarily  is  movable 
may  be  fixed  by  adhesions,  and  may  therefore  lose  its  mobility.  Consequently, 
mobility  is  of  diagnostic  value  only  in  a  positive  sense.  In  other  words,  the 
fact  that  a  tumor  is  found  immovable  does  not  exclude  it  from  belonging  to  the 
movable  class. 

Tumors  of  certain  regions  and  organs  of  certain  varieties  are  so  uniformly 
fixed  that  they  are  classed  as  immovable  tumors,  and  this  fact  possesses 
therefore  some  diagnostic  importance.  To  this  class  belong  retro-peritoneal 
growi;hs,  including  most  tumors  of  the  kidney;  inflammatory  masses;  aneurysms; 
and  tumors  of  the  pancreas.  A  slight  displacement  due  to  a  yielding  of  the 
tissues  shoidd  be  distinguished  from  a  distinct  mobility  or  change  in  location 
of  a  tumor. 

A  great  difference  exists  in  the  consistency  of  tumors,  and  by  this  quality 
alone  the  experienced  touch  will  often  be  able  to  make  a  diagnosis. 

The  firm  "board-like"  hardness  of  actinomycosis  readily  distinguishes  it 
from  the  ordinary  inflammatory  exudates.  The  sensation  conveyed  to  the 
hand  of  the  examiner  by  a  soft  myoma  of  the  uterus  is  entirely  different  from 
that  of  a  cyst  of  the  ovary  under  moderate  tension.  A  dermoid  of  the  ovary 
when  palpated  often  gives  one  the  impression  of  bogginess,  and  at  times  irreg- 
ular, hard,  bony  or  cartilaginous  masses  may  be  distinguished.  A  faecal  mass 
may  be  recognized  by  the  fact  that  it  can  be  indented  or  moulded  by  slow  press- 
ure with  the  fingers.  The  expansile  pulsation  of  an  aneurysm  is  characteristic, 
as  is  also  the  slight  oedema  about  an  inflammatory  mass. 

Percussion. — In  making  percussion  the  fingers  placed  with  the  palmar  sur- 
face of  the  distal  portion  flat  on  the  surface  of  the  part  to  be  percussed  constitute 
the  best  pleximeter,  for  not  only  are  the  character  and  quality  of  the  sound 
ehcited,  but  one  is  also  able  to  feel  the  difference  in  density  of  the  tissues  beneath 
the  fingers. 

Percussion  is  of  particular  value  in  defining  the  outline  or  limits  of  organs 
such  as  the  liver,  spleen,  etc.;  in  marking  the  level  of  fluid  in  the  peritoneal 
cavity,  and  especially  the  changes  in  the  level  when  the  position  of  the  patient 
is  changed;  in  locating  the  colon  when  distended  with  air,  and  in  determining 
its  relation  as  well  as  that  of  other  loops  of  intestine  to  tumors.    The  percussion 


102  AMERICAN  PRACTICE  OF  SURGERY. 

note  made  over  a  loop  of  bowel  rises  in  pitch  as  the  tension  in  the  loop  increases. 
This  is  often  observed  in  a  small  area  over  or  about  an  infiamed  appendix  in  the 
early  stages,  or  over  a  loop  of  small  intestine  strangulated  by  volvulus  or  other- 
wise; it  is  also  of  some  importance  in  diagnosing  or  differentiating  such  acute 
conditions. 

Artificial  Distention  of  the  Colon. — One  of  the  most  valuable  aids  in  deter- 
mining the  particular  organ  or  tissue  from  which  a  tumor  takes  its  origin  is  the 
distention  of  the  colon  with  air.  This  organ,  by  reason  of  its  circuitous  route 
through  the  abdomen,  lies  in  contact  with,  or  bears  a  quite  definite  relation  to, 
almost  every  other  organ,  and  thereby  becomes  the  great  landmark  in  the  ab- 
dominal cavity.  The  meso-colons — ascending,  transverse,  and  descending — 
to  the  free  border  of  which  the  colon  is  attached  are  fixed  to  the  posterior  abdom- 
inal wall  and  form  more  or  less  complete  septa  which  subdivide  the  abdominal 
cavity  into  four  quite  distinct  regions,  namely :  the  superior  region  lying  cephalad 
of  the  transverse  meso-colon;  the  right  and  left  lateral  regions  lying  respectively 
to  the  right  and  left  of  the  ascending  and  descending  meso-colons;  and  the 
central  region  which  includes  the  area  surrounded  by  the  meso-colons.  Each 
of  these  regions  contains  organs  and  tissues  which  are  peculiar  to  the  particular 
region;  and,  as  a  tumor  which  has  its  origin  in  one  region  cannot  change  its 
habitat  to  another  region,  however  much  it  may  encroach  by  displacement  of 
the  septum,  it  at  once  becomes  apparent  that,  if  the  particular  region  in  which 
a  tumor  has  its  origin  can  be  definitely  determined,  a  most  important  point 
in  the  diagnosis  becomes  established,  as  thereby  it  becomes  possible  to  exclude 
from  consideration  all  those  tumors  which  have  their  origin  in  other  regions. 
The  septa — the  meso-colons — cannot  be  outlined  through  the  intact  abdominal 
wall,  but  the  colon  which  occupies  their  free  border  can  practically  always  be 
accurately  located,  and  from  its  situation  the  position  of  the  septa  may  readily 
be  determined.  The  best  way  to  locate  the  colon  is  to  distend  it  with  air. 
This,  when  properly  done,  is  a  very  valuable  and  perfectly  harmless  procedure. 
The  patient  should  be  prepared  by  having  the  colon  thoroughly  flushed  and 
the  stomach  empty.  He  should  He  on  the  back  with  the  abdomen  completely 
exposed.  A  double  rubber  bulb,  such  as  is  commonly  used  with  a  Paquelin 
cautery,  is  attached  to  a  glass  or  metal  tip  which  is  inserted  into  the  bowel, 
and  the  anus  is  surrounded  by  a  towel  to  prevent  the  escape  of  gas.  The  rubber 
tube  is  then  compressed  between  the  bulb  and  the  towel,  while  this  bulb  is  being 
distended  with  air.  On  quickly  releasing  the  pressure  on  the  tube  the  air  in  the 
bulb  suddenly  enters  the  bowel  and  when  the  abdomen  is  closely  observed 
it  will  be  seen  to  shoot  around  the  colon  like  a  ball  as  far  as  the  ileo-csecal 
valve.  When  this  is  well  done  the  entire  course  of  the  colon  is  quickly  and 
accurately  mapped  out  without  unnecessarily  distending  the  abdomen,  and  its 
relation  to  the  tumor,  which  has  been  outlined  previously,  becomes  at  once 
apparent,  and  the  region  to  which  the  tumor  belongs  is  established.  Thus,  if 
the  colon  encircles  the  tumor  the  latter  will  belong  to  the  central  region,  in 
which  are  found  tumors  of  the  mesentery,  of  the  omentum,  of  the  retro-peritoneal 
lymph  nodes,  of  the  great  vessels,  and  of  the  pelvic  organs  which  have  risen  into 
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the  abdomen.  If  the  tumor  Hes  cephalad  of  the  transverse  colon  it  belongs  to 
the  superior  region,  in  which  are  found  tumors  of  the  hver,  of  the  stomach,  of 
the  pancreas,  of  the  retro-peritoneal  lymph  nodes,  of  the  spleen,  of  the  large 
vessels,  etc.  In  the  lateral  regions,  on  the  other  hand,  are  found  tumoi-s  of  the 
kidney  and  of  the  adrenal,  cysts  of  lymphatic  origin  and  cysts  composed  of  the 
remains  of  the  pronephros  and  of  the  Wolffian  body,  tumors  growing  into  this 
region  from  the  colon,  etc.  AMien  a  tumor  is  small  there  may  be  no  difficulty  in  at 
once  assigning  it  to  its  proper  region,  but  when  it  is  so  large  that  it  encroaches  upon 
a  considerable  portion  of  the  abdominal  cavity,  a  careful  outlining  of  the  colon 
may  be  the  only  means  by  wliich  its  probable  point  of  origin  can  be  determined. 

Auscultation. — Auscultation  is  of  value  chiefly  in  the  diagnosis  of  pregnancy, 
for  by  means  of  it  one  may  detect  the  soimds  of  the  foetal  heart.  Allien  these 
sounds  can  be  heard  the  diagnosis  of  pregnancy  is  positive,  but  great  care  should 
be  observed  in  excluding  pregnancy,  when  other  symptoms  suggest  it,  just 
because  heart  sounds  cannot  be  heard,  for,  in  hydramnion  or  when  the  child  is 
very  small  or  lies  with  its  back  directed  posteriorly,  it  may  be  difficult  or  impos- 
sible to  hear  the  heart  sounds.  The  various  soft-blowing  sounds,  which  are 
either  continuous  or  synchronous  '^ith  the  patient's  pulse,  and  which  formerly 
were  considered  to  be  due  to  the  circulation  in  the  placenta,  are  not  diagnostic 
of  pregnancy,  as  they  may  frequently  be  heard  in  any  tumor  that  is  rich  in 
blood  supply. 

The  soft  murmurs  should  not  be  mistaken  for  the  more  pronounced  and 
characteristic  bruit  of  an  aneurysm. 

The  nimierous  gurghng  sounds  heard  in  the  intestine  are  of  value  in  this 
connection  only  so  far  as  they  may  be  related  to  obstruction  of  the  bowel  due 
to  the  pressure  of  a  timior  or  to  a  tumor  located  in  the  intestinal  wall. 

Exploratory  Puncture. — The  aspirating  needle  as  a  means  of  diagnosis  should 
not  be  used  through  the  unopened  abdominal  wall.  This  rule  applies  practically 
to  all  cases  in  which  the  needle  must  enter  or  pass  through  the  peritoneal  ca\'ity. 

Rarely,  in  extra-peritoneal  swelhngs  (as,  for  instance,  an  enlargement  which 
presents  itself  in  the  lumbar  region  posteriorly),  the  use  of  the  needle  may  fur- 
nish information  'without  disproportionately  great  risk;  but  these  are  excep- 
tions to  the  rule. 

The  reasons  why  the  use  of  the  needle  has  been  abandoned  are  the  following: 

1.  The  danger  of  the  escape  of  infectious  or  irritating  matter  through  the 
needle  puncture  into  the  peritoneal  ca\'ity  after  the  withdrawal  of  the  needle, 
which  danger  is  not  entirely  removed  even  by  completely  empt}ing  the  cyst  or 
abscess  ca\dty. 

2.  The  possibility  of  puncturing  an  overlying  loop  of  bowel. 

3.  The  danger  of  injuring  large  blood-vessels  in  the  walls  of  the  mass,  with 
the  production  of  severe  hemorrhage. 

4.  The  fact  that  the  information  obtained  is  often  unsatisfactory  and  erro-^ 
neous  on  account  of 

(a)  the  fluid  being  too  thick  to  pass  through  the  needle  used: 

(h)  the  obstruction  of  the  needle  by  a  blood  clot,  a  piece  of  tissue,  etc.; 
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((•)  the  needle  entering  a  large  vein  and  therefore  affording  escape  to  nothing 
but  blood; 

(d)  the  fluid  withdrawn  not  possessing  definite  characteristics. 

5.  The  possibility  of  implanting  a  malignant  growi^h  in  the  abdominal  wall 
along  the  needle  })uncture. 

The  above-mentioned  objections  apply,  of  course,  to  the  use  of  the  needle 
through  the  intact  abdominal  wall.  After  the  abdominal  cavity  has  been  opened, 
during  the  course  of  an  operation,  the  aspirating  needle  may  occasionally  be 
used  to  advantage,  as,  for  instance,  in  order  to  ascertain  the  character  of  the 
fluid  in  a  cyst;  for,  if  it  be  found  to  contain  serum,"  the  removal  of  the  cyst 
may  be  immediately  proceeded  with,  while,  if  it  contain  pus,  it  may  be  wiser 
simply  to  stitch  it  to  the  abdominal  wall  and  open  it  later — in  other  words,  to 
do  a  "two-time"  operation. 

Exploratory  Laparotomy. — When  all  means  of  making  a  diagnosis  have  been 
exhausted  and  the  nature  of  the  trouble  still  remains  unsolved,  the  c{uestion  of 
opening  the  abdomen  for  diagnostic  purposes  will  arise.  Although  the  opening 
of  the  abdomen  under  proper  precautions  is  practically  devoid  of  danger,  still 
the  operation  should  not  be  lightly  undertaken  and  should  be  done  only  with 
the  intention  of  clearing  up  the  diagnosis  or  of  relieving  or  removing  the  trouble 
if  possible.  Whenever,  therefore,  an  exploratory  operation  is  undertaken,  one 
should  be  prepared  to  conduct  any  operative  procedures  which  may  be  deemed 
necessary  or  advisable  for  the  relief  of  the  patient. 


ABDOMINAL   SECTION. 

By  WILLIAM  McDOWELL  MASTIN,  M.D.,  LL.D.,  Mobile,  Alabama. 


DEFINITION  AND   HISTORICAL  OBSERVATIONS. 

The  expression  "Abdominal  Section,"  first  suggested  and  employed  by 
I^awson  Tait,  seems  to  be  the  most  comprehensive  and  fitting  term  with  which 
correctly  to  define  the  surgical  procedure  of  cutting  into  the  peritoneal  cavity 
through  the  walls  of  the  abdomen,  and  the  one  which  is  more  entirely  than  any 
other  in  accord  with  the  common  usage  of  to-day.  The  Latin  word  sectio, 
from  which  our  English  ''section"  is  derived,  signifies  simply  "a  cutting  out," 
and,  when  preceded  by  the  adjective  abdominal,  which  means  pertaining  to  or 
relating  to  the  abdomen,  it  certainly  expresses  quite  clearly  the  process  of  gain- 
ing surgical  entrance  into  that  great  visceral  cavity  of  the  body,  which  meaning 
it  is  intended  to  convey.  It  should  be  observed,  furthermore,  that  this  applica- 
tion of  the  word  section  is  amply  sustained  by  precedent.  Such  use  was  in 
vogue  for  centuries, — reaching  back  to  the  traditions  of  the  misty  past, — as 
evidenced  in  its  association  with  the  act  of  opening  the  gravid  uterus  and  re- 
moving its  contents  through  an  incision  in  the  abdominal  walls,  from  which 
procedure  we  get  the  classical  operation  of  Sectio  Ccesarea  or  Agrippina,  the 
untimely  ripping  of  the  great  Ciesar  from  his  mother's  womb.  At  a  much 
later  period  this  was  made  to  include  other  operations,  as  sectio  alta  or  supra- 
pubic lithotomy,  perineal  section,  vaginal  section,  et  cetera,  many  of  which 
terms  even  now  occupy  a  recognized  place  in  surgical  nomenclature. 

But  the  correctness  of  the  expression  "abdominal  section,"  as  well  as  of 
the  various  other  terms  which  have  been  coined  for  the  purpose  of  designating 
the  operation  of  cutting  into  the  cavity  of  the  abdomen,  has  been  vigorously 
assailed ;  and  the  question  of  a  title  which  shall  be  accurately  descriptive  and  at 
the  same  time  satisfactory  in  other  respects,  remains  an  unsettled  one  with  both 
lexicographers  and  surgeons. 

Among  the  earlier  terms  which  were  employed  for  designating  the  operation 
of  cutting  open  the  abdomen  we  find  that  of  "gastrotomy"  widely  used;  and, 
as  it  was  orginally  suggested  for  the  operation  as  performed  for  the  purpose  of 
removing  the  child  from  the  uterus,  the  name  at  first  appears  to  have  been  em- 
ployed synonymously  with  "Csesarean  section."  Blancard,  of  Middleburg,  Zea- 
land, published,  toward  the  end  of  the  seventeenth  century,  a  dictionary  in  which 
the  word  "  gastrotomia "  is  given  this  limited  definition.  With  the  progress  of 
time  gastrotomy  (formed  from  the  two  Greek  words  ro-<^-rip,  belly,  and  ^o/^';, 
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incision)  was  broadened  in  its  field  of  application  and  became  more  generally- 
used  in  its  liberal  and  vulgar  sense  of  incision  into  the  belly.  Consequently,  we 
find  the  offshoot  term,  gastrorrhaphy,  in  use  as  signifying  suture  of  wounds  of 
both  the  abdominal  parietes  and  the  intestinal  tube;  but  the  meaning  of  the 
term  was  finally  and  definitively  narrowed  down  to  indicate  the  closure  of  an 
opening  in  the  stomach  wall  by  suture.  With  the  advent  and  growth  of  gastric 
surgery,  however,  gastrotomy  was  largely  if  not  exclusively  confined  in  signifi- 
cance to  a  simple  cutting  into  the  anatomical  stomach  for  the  extraction  of  ex- 
traneous bodies. 

The  word  "laparotomy"  is  probably  more  commonly  employed  than  any- 
other  temi,  and  its  meaning  has  been  so  enlarged  as  to  embrace  every  operation 
of  every  character  involving  division  of  the  abdominal  parietes.  It  comes  of 
Greek  derivation  {lar.dpa^  loin,  ro[xrj^  a  cutting)  and  signifies  literally  surgical 
entrance  or  cutting  into  the  abdominal  cavity  through  the  loin  or  flank.  In 
the  beginning  of  the  nineteenth  century  it  was  made  use  of  to  indicate  operations 
in  the  lumbar  and  inguinal  regions,  such  as  colotomy  and  herniotomy,  but  more 
precisely  lumbar  colotomy.  This  employment  of  the  term  was  entirely  con- 
formable to  its  true  and  original  meaning,  but  its  general  misapplication  at  the 
present  time  has  been  so  obvious  as  to  call  forth  decided  protest  from  many 
authoritative  sources. 

Ventrotomy,  a  term  which  was  siiggested  a  few  years  ago  by  H.  A.  Reeves 
as  an  appropriate  substitute  for  the  several  terms  then  in  use,  had  nothing  to 
commend  it  and  much  to  condemn  it,  and,  very  properly,  it  failed  to  receive  the 
professional  sanction  that  was  expected  for  it. 

The  next  and  latest  term  that  has  been  added  to  our  terminology  is  "coeli- 
otomy"  {y.o'.kia^  belly),  which  was  proposed  by  Dr.  R.  P.  Harris,  of  Philadelphia, 
some  two  decades  ago,  but  was  erroneously  accredited,  by  some  writers,  to  N. 
Davies-Colley.  This  recently  coined  term  possesses  very  much  in  its  favor 
froni  an  etymological  point  of  view,  but  just  and  valid  objections  exist  to  its 
general  application.  Thus,  as  Dr.  Frank  P.  Foster  remarks,  "with  its  adoption 
has  sprung  up  the  curious  term  'abdominal  coeliotomy,'  an  abdominal  opening 
of  the  abdomen,"  a  word  alliance  so  improper  as  to  border  on  the  ludicrous. 
The  difficulty  of  this  and  similar  connections  do  not  admit  of  such  broad  and 
comprehensive  application  as  seems  desirable  in  an  expression  intended  to  de- 
scribe the  operation  of  opening  the  peritoneal  ca\dty.  It  is  for  this  reason  that 
many  authorities  give  the  preference  to  the  term  "abdominal  section,"  and  it 
is  for  the  same  reason  that  the  writer  has  determined  to  employ  it  in  this  article. 

The  history  of  abdominal  section  is  in  reality  the  history  of  abdominal  surgery, 
since  division  of  the  parietes  is  necessarily  the  first  step  in  all  abdominal  opera- 
tions. The  phrase  "abdominal  section"  only  implies  incision  into  the  ca\dty 
of  the  peritoneum,  so  that  the  various  structures  contained  therein  may  be 
exposed  for  proper  surgical  inspection  and  treatment.  The  mere  cutting  into 
the  abdominal  ca\aty  can  alone  accomplish  but  little  in  a  surgical  way,  and  con- 
sequently as  a  separate  operation  it  can  scarcely  be  claimed  to  possess  any  in- 
dividual distinctiveness.     It  was  only  after  it  was  demonstrated  that  the  abdo- 


EXPLANATION  OF  PLATE  XLIX. 

DIAGRAM  SHOWING  THE  PRINCIPAL  INCISIONS  EMPLOYED  IN  ABDOMINAL  SECTION. 

Vertical  Incisions. — a,  Median  supra-umbilical  Incision;  h,  median  infra-umbilical  incision;  c, 
right  lateral  supra-mnbilical  incision  through  rectus  muscle  (Mayo  Robson's  incision) ;  d,  left  lateral 
supra-umbilical  incision  through  rectus  muscle;  e,  left  lateral  supra-umbilical  incision  through  linea 
semilunaris ;  /,  the  Battle- Jalaquier-Kammerer  incision ;  g,  right  lateral  infra-umbilical  incision  through 
rectus  muscle ;  i,  Bevan's  S-incision.  ' 

Oblique  and  Angular  Incisions. — h,  Right  oblique  subcostal  incision;  /,  left  oblique  subcostal  incision; 
k,  left  low  obhque  subcostal  incision;  I,  right  oblique  inguinal  (McBurney's  "Gridiron")  incision;  m, 
right  oblique  iliac  incision  for  appendicectomy ;  n,  left  oblique  inguinal  incision;  o,  left  limibo-ihac  in- 
cision; p,  Fowler's  angular  incision;   g,  J.  Meyer's  "hockey-stick"  incision. 

Transverse  and  Curved  Incisions. — r,  Kuestner's  transverse  suprapubic  incision;  s,  the  super- 
ficial cur\'ed  incision,  and  t,  tlie  deep  vertical  incision  of  Pfannenstiel's  inferior  abdominal  section;  u, 
Pean's  transverse  incision. 
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men  could  be  opened  and  the  cavity  of  the  peritoneum  invaded  with  compara- 
tive impunity,  that  abdominal  surgery  received  that  impulse  which  carried 
it  on  to  a  perfected  state.  And  yet,  although  this  operation  should  not  be  styled 
an  operative  entity,  it  constitutes  the  most  important  feature  in  all  abdominal 
operations,  and  requires  for  its  proper  p(u-formance  both  manipulative  skill  and 
accurate  surgical  knowledge.  The  fact  alone  that  the  perfect  closure  of  the 
abdominal  wound — so  that  it  may  heal  primarily  and  solidly — diminishes  in  a 
large  measure  the  immediate  dangers  as  well  as  future  complications  of  the  usually 
associated  operation,  entitles  abdominal  section  to  rank  with  procedures  of  the 
first  importance. 

The  history  of  abdominal  surgery,  like  that  of  all  great  and  lasting  human 
accomplishments,  has  progressed  by  advances  and  recessions.  Splendid  forward 
movements  and  discouraging  lapses  back  into  the  darkness  of  forgetfulness 
followed,  the  one  upon  the  other,  until  the  light  of  true  science,  the  light  shed  by 
antiseptic  and  aseptic  wound  treatment,  placed  abdominal  surgery  upon  a  pin- 
nacle of  lofty  height.  The  name  of  Joseph  Lister  is  indissolubly  bound  up  with 
the  history  and  development  of  this  branch  of  the  surgeon's  art,  as  it  is  with  mod- 
ern surgery  in  all  of  its  features  and  aspects.  Lister  discovered  the  great  prin- 
ciple, and  the  numerous  and  ever-zealous  company  of  surgical  workers  through- 
out the  world  applied  it,  formulated  it  into  definite  rules,  and  from  these  have 
been  evolved  the  brilliant  technique  and  marvelous  achievements  of  abdominal 
surgery  as  we  now  have  it. 


ANATOMICAL  CONSIDERATIONS. 

Contour  and  Landmarks.  (Plates  XLIX  and  L.) — The  front  portion  of  the 
trunk — that  portion  which  forms  the  space  between  the  thorax  and  the  pelvic 
bones — is  known  as  the  anterior  abdominal  wall,  and  is  composed  of  several  layers 
or  planes  of  muscular  and  fibrous  tissues.  The  contour  and  general  appearance  of 
the  abdominal  wall  vary  with  the  age  and  development,  and  to  some  extent  with  the 
sex,  of  the  individual.  In  infants  and  young  children  the  abdomen  is  conspicu- 
ously protuberant  and  of  a  rounded  form.  This  degree  of  prominence  is  caused 
by  the  relatively  large  size  of  the  liver,  which  extends  over  the  stomach  and  also 
over  the  bladder  and  upper  portion  of  the  rectum,  both  of  which  organs,  owing 
to  the  comparatively  small  capacity  of  the  pelvis  in  early  life,  are  as  yet  situated 
in  the  lower  abdomen.  The  type  of  the  abdomen  differs  but  little  in  the  two 
sexes  until  just  before  puberty,  when  the  pelvis  begins  to  assume  its  individual 
sexual  character,  and  when,  coincidently  with  these  changes,  certain  differences 
in  the  shape  of  the  abdomen  take  place.  In  the  well-developed  and  muscular 
adult  male,  the  surface  of  the  abdomen  is  somewhat  irregular.  This  irregularity 
is  due  to  the  fact  that  the  tendinous  intersections  and  muscular  masses  produce 
depressions  and  elevations,  which,  with  the  less  evident  pelvis  and  the  shape  of 
the  thorax,  materially  affect  the  abdominal  lines.  In  the  adult  female  these 
muscular  depressions  and  prominences  are  not  usually  visible.     Furthermore, 
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there  exist  other  differences,  which  are  dependent  upon  the  prominence  and 
breadth  of  the  iHa,  the  width  of  the  pubic  arch,  and  the  narrowness  (as  compared 
with  the  same  structure  in  the  male)  of  the  lower  portion  of  the  thorax.  In  a 
general  way,  however,  the  anterior  abdominal  wall  resembles  an  irregular  quad- 
rangle, or  rhomboid-shaped  area,  the  superior  sides  of  which  are  bounded  by 
the  lower  end  of  the  sternum  and  the  costal  arches,  while  the  inferior  sides  are 
delimited  by  the  anterior  portions  of  the  iliac  crests,  the  line  of  Poupart's  liga- 
ment, and  the  pubic  bone.  The  four  angles  or  comers  thus  formed  are  repre.sented 
by  the  xiphoid  cartilage,  the  pubis,  and  the  right  and  left  loins.  It  is  chiefly 
through  this  space  that  the  contents  of  the  abdominal  and  pelvic  ca\'ities  are 
palpated  and  pathological  conditions  recognized;  and  it  is  through  an  incision 
in  its  walls  that  the  various  operations  upon  the  organs  and  structures  within  the 
peritoneal  cavity  are  perfomied. 

The  anatomical  and  surgical  landmarks  of  the  abdomen  are  numerous  and 
conspicuous.  The  anterior  superior  spinous  processes  of  the  ilia  are  the  mo.st 
prominent  of  the  bony  points  of  the  lower  lateral  portions  of  the  abdominal  bound- 
aries, and  also  the  most  frequently  employed  fixed  bases  from  which  measure- 
ments are  taken  and  descriptive  lines  drawn  upon  the  surface  of  the  abdomen. 
The  sacral  promontory  is  located  posteriorly,  ju.st  opposite  the  centre  of  a  trans- 
verse line  crossing  the  abdomen  between  the  two  spines  of  the  ilium.  Rising 
somewhat  above  and  continuing  backw^ard  from  these  processes  are  the  iliac 
crests,  which  are  well  outlined  in  thin  indi\^duals,  but  are  frequently  overlapped 
by  a  fleshy  fold  in  those  who  have  fat  and  pendulous  abdomens.  The  costal  arches 
are  composed  of  the  cartilages  from  the  sixth  to  the  tenth  ribs  inclusive,  and  they 
extend  downward  in  a  diverging  or  V-shaped  direction  on  both  sides  of  the  upper 
abdomen.  Both  the  angle  of  divergence  and  the  length  of  the  costal  arches  vary 
considerably  in  the  two  sexes  and  in  different  individuals,  and  are  materially 
affected  by  habits  of  dress.  At  the  junction  of  the  costal  arches  with  the  sternum, 
and  projecting  downward  from  the  lower  end  of  that  bone,  is  the  ensiform  car- 
tilage, which  corresponds  to  the  depression  known  as  the  infrastemal  fossa. 

The  OS  pubis  is  a  prominent  osseous  eminence  occupying  the  lowTr  central 
angle  of  the  abdominal  space,  and  it  constitutes  a  most  important  bony  land- 
mark. From  the  outer  limit  of  the  crest  of  the  pubis  projects  the  spine  of  the 
pubis.  It  is  almost  on  a  level  with  the  upper  edge  of  the  trochanter  major  and 
is  found  by  tracing  upward  the  tendon  of  the  adductor  longus  muscle.  It 
affords  attachment  for  the  outer  pillar  of  the  external  abdominal  ring,  and  is  a 
reliable  guide  in  locating  this  opening. 

Poupart's  ligament  is  a  tendinous  cord  which  extends  from  the  anterior 
superior  process  of  the  ilium  to  the  spine  of  the  pubis  of  the  same  side.  It 
is,  as  a  rule,  readily  felt  b}'  the  finger,  and  corresponds  to  a  line  (slightly  curved 
dowT:iward)  drawn  between  the  osseous  points  mentioned.  It  is  one  of  the  most 
valuable  of  the  landmarks  for  surgical  purposes.  About  half  an  inch  (1.3  cm.) 
above  the  middle  of  Poupart's  ligament  is  situated  the  internal  abdominal  ring, 
and,  just  above  and  external  to  the  crest  of  the  os  pubis,  is  the  external  ab- 
dominal ring. 


ARD(^MIXAL   SECTIOX.  109 

The  surface  of  the  abdomen  is  marked  by  several  shallow  furrows  and  de- 
pressions, which  are  clearly  distinguishable  in  young  and  muscular  subjects. 
The  most  conspicuous  of  these  markings  is  the  umbilicus,  a  circular  or  oval 
depression,  which  is  almost  centrally  -ituated  in  the  linea  alba,  from  three-fourths 
of  an  inch  to  one  inch  (2  to  2.5  cm.)  above  a  line  dra\Mi  between  the  highe.st 
points  of  the  iliac  crests,  but  varying  to  a  certain  extent  with  the  laxity  of  the 
abdomen  and  the  obesity  of  the  indi\'idual.  It  is  also  opposite  the  tip  of  the 
spinous  process  of  the  third  lumbar  vertebral  segment,  and  above  and  slightly 
to  the  inner  side  of  the  bifurcation  of  the  abdominal  aorta.  The  umbilicus 
consists  of  a  ring  of  fibrous  tissue  derived  from  the  linea  alba,  together  with  the 
fusion  of  the  skin,  fasciae,  and  pt'ritoiieir.n ;  and  it  represents  the  cicatrix  result- 
ing from  the  shrinking  of  the  funis  umbilicalis  at  birth.  It  is  deep  and  broad  in 
the  female,  but  small  and  shallow  in  the  male. 

The  furrows  are  not  discernible  in  lax,  distended,  or  fat  abdomens,  but  are 
quite  plain  on  well-developed  muscular  persons,  and  often  outline  the  surface 
into  distinct  figures.  The  central  or  so-called  abdominal  furrow  is  the  groove 
in  the  middle  line  which  reaches  from  the  infrastemal  fossa  to  just  below  the 
umbOicus.  and  is  best  defined  in  its  upper  two-tliirds.  The  linea  alba  forms  the 
floor  of  this  fuiTow.  The  two  lateral  furrows  are  the  superficial  markings  of  the 
lineae  seimlunares.  They  are  .slightly  cun-ed.  with  the  concavity  directed  in- 
ward, and  they  extend  from  the  cartilage  of  the  ninth  rib  to  the  pubic  spine. 
The  transverse  furrows  are  usually  three  in  number  on  each  side,  are  situated 
in  the  upper  part  of  the  abdomen,  and  correspond  with  the  Hnete  transversae 
of  the  recti  muscles.  In  obese  and  corpulent  persons  the  abdomen  is  crossed  by 
two  other  deep  transverse  furrows.  The  upper  one  of  these  passes  through  the 
umbihcus  and  often  conceals  it;  and  the  other,  or  lower  one,  is  situated  just 
above  the  pubes.  Where  the  lower  one  intersects  the  linea  alba  represents 
the  point  where  the  trocar  should  enter  in  tapping  a  distended  bladder.  The 
iliac  furrows  are  placed  over  the  iliac  crests,  and  are  formed  by  the  attachments 
of  the  external  obhque  muscles  to  these  elevations  of  bone.  They  are  best 
seen  when  the  indi^■idual  is  in  the  erect  posture. 

Muscles  and  Aponeuroses. — The  soft  tissues  composing  the  several  layers  of 
the  antero-lateral  abdominal  wall  differ  materially  in  structure,  and  aU  possess, 
in  vaiying  degree,  the  common  object  of  gi^Tng  strength  and  support  to  the 
abdomen  and  its  contents.  The  skin  or  outeiTnost  layer  differs  in  character  ac- 
cording to  the  locality,  being  thinner  and  finer  in  texture  above  the  mnbihcus 
and  also  in  the  lower  lateral  or  mguinal  regions.  It  is  more  adherent  to  the 
underlying  tissues  in  the  middle  line  than  elsewhere:  and  it  is  more  loosely 
attached  to  the  inguinal  regions  on  each  side.  Xext  to  the  skin,  foUow  in  regular 
succession  the  two  layers  of  the  superficial  fascia,  the  connective-tissue  layer, 
the  so-called  mtercolimmar  fascia  of  the  external  abdominal  ring,  the  obhquus 
externus  muscle  and  aponeurosis,  the  obhquus  intemus  muscle  and  aponeurosis, 
the  transversalis  muscle  and  aponeurosis,  the  rectus  muscle  and  sheath,  the 
pyramidalis,  the  transversahs  fascia,  the  subperitoneal  areolar  tissue,  and  the 
serous  layer  or  peritoneimi. 
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The  muscular  and  aponeurotic  layers  are  of  particular  importance  to  the 
surgeon.  The  external  oblique — also  called  the  external  descending  oblique, 
from  the  direction  of  its  fibres — is  the  largest  and  most  superficial  of  the  flat 
muscles.  It  is  situated  on  the  anterior  and  lateral  aspects  of  the  abdomen,  the 
muscular  portion  occupying  more  especially  the  lateral,  and  the  aponeurosis  the 
anterior  portion  of  the  wall. 

A  bundle  of  the  aponeurotic  fibres  below  constitutes  Poupart's  ligament. 
A  line  projected  from  the  anterior  superior  iliac  spine  to  a  point  just  anterior 
to  the  ninth  costal  cartilage  indicates  the  junction  of  the  muscular  and  aponeurotic 
divisions;  a  transverse  line  drawn  from  the  iliac  crest  (from  a  point  one  or  two 
inches  [2.5  to  5  cm.]  behind  the  anterior  superior  spinous  process  of  the  ilium) 
to  a  corresponding  point  on  the  opposite  side  gives  the  lower  limit  of  the 
belly  of  the  muscle;  and  the  fibres  of  the  muscle  and  aponeurosis  run  at 
almost  a  right  angle  to  a  line  extending  from  the  anterior  superior  iliac  spine  to 
the  umbihcus. 

The  internal  oblique  is  of  smaller  size  and  thinner  than  the  external  muscle, 
and  also  covers  the  side  and  forepart  of  the  abdomen  as  far  as  to  the  linea 
alba.  The  lower  fibres  of  its  aponeurosis  arch  downward  and  inward  to  unite 
with  the  trans versalis  in  forming  the  conjoined  tendon.  The  aponeuro-muscular 
hmits,  above,  correspond  to  an  oblique  line  passing  from  a  point  slightly  below 
the  tip  of  the  twelfth  rib  upward  and  parallel  with  the  costal  arch  and,  inwardly, 
to  a  line  drawn  from  the  centre  of  Poupart's  ligament  upward  with  a  slight  out- 
ward inclination. 

The  third  flat  muscle,  and  the  one  which  occupies  the  most  internal  position, 
is  the  transversalis,  so  named  from  the  direction  of  its  fibres.  The  lower  fibres 
pass  down  to  the  pubis  and  blend  with  those  of  the  internal  oblique  to  form 
the  conjoined  tendon.  The  muscular  limit  of  the  transversalis  is  somewhat 
nearer  the  median  fine  of  the  body  at  its  upper  and  lower  portions  than  it  is 
at  the  middle. 

The  rectus  abdominis  is  a  long  muscle,  placed  along  the  front  of  the  abdo- 
men. It  is  broader  above  than  below,  and  is  separated  from  its  fellow  of  the 
opposite  side  by  the  linea  alba.     The  tendons  of  the  two  muscles  interlace  below. 

The  pyramidalis  is  a  small  triangular-shaped  muscle  located  at  the  lower  part 
of  the  abdomen  and  in  front  of  the  rectus.  It  is  occasionally  wanting,  and  some- 
times may  be  double  on  one  side. 

The  quadratus  lumborum  is  a  muscular  mass  ^occupying  the  lumbar  or 
lateral  aspect  of  the  abdominal  walls.  It  concerns  the  surgeon  only  when  the 
abdominal  incision  passes  backward  into  this  region  and  when  he  is  called  upon 
to  treat  a  case  of  lumbar  hernia. 

The  union  or  blending  anteriorly  of  the  aponeuroses  of  the  obliquus  and 
transversalis  muscles  of  both  sides  is  known  as  the  linea  alba.  This  forms  a 
tendinous  raphe  down  the  midline  of  the  abdominal  wall  between  the  inner 
edges  of  the  recti  muscles,  from  the  tip  of  the  xiphoid  cartilage  to  the  pubic  sym- 
physis. This  line  is  broad  and  distinct  above  the  umbilicus,  because  of  the 
divergence  of  the  recti  muscles  at  this  level,  but  becomes  narrowed  and  less  evi- 


ABDOMINAL  SECTION.  Ill 

dent  below  it  where  these  muscles  more  closely  approximate  each  other.  It  is 
incomplete  posteriorly  in  its  lower  fourth,  about  one  inch  and  a  cjuarter  (3  cm.) 
below  the  umbilicus — that  is,  below  the  semilunar  fold  of  Douglas.  The  linea 
alba  is  the  thinnest  and  least  vascular  part  of  the  abdominal  walls,  and  is  per- 
forated, by  a  number  of  apertures  for  the  transmission  of  nerves  and  vessels, 
including  the  large  umbilical  opening.  It  may  become  of  exaggerated  breadth 
after  great  intra-abdominal  distention,  as  observed  in  pregnancy  and  in  cases  in 
which  large  fluid  accumulations  exist  in  the  peritoneal  cavity. 

The  rectus  muscle  is  enclosed  in  a  sheath,  the  anterior  wall  of  which  is  fomied, 
in  its  upper  part,  by  the  union  of  the  aponeurosis  of  the  external  oblique  with 
the  outer  aponeurotic  lamella  of  the  internal  oblique,  and  below  by  the  blending 
of  the  aponeuroses  of  both  obhque  muscles  and  the  transversalis.  The  posterior 
wall  is  formed,  in  its  upper  three-fourths,  by  the  combining  of  the  aponeuroses 
of  the  inner  lamella  of  the  internal  obhque  and  the  transversalis  muscle,  but,  in 
its  lower  fourth,  by  a  thin  aponeurosis,  the  deep  fascia,  and  the  peritoneimi, 
which  here  forms  what  may  be  called  its  posterior  sheath.  At  the  point  where 
the  upper  portion  of  the  posterior  sheath  temiinates,  it  forms  a  curved  fold, 
with  the  concavity  directed  downward,  which  is  designated  as  the  semilimar 
fold  of  Douglas.  At  the  umbilicus  all  the  layers  of  the  abdominal  coverings 
are  fused  together — ^that  is,  the  linea  alba  is  closely  adherent  to  the  underhing 
tissues  including  the  peritoneimi. 

The  linea  semilunaris  represents  the  line  of  separation  of  the  abdominal 
aponeuroses,  and  corresponds  to  the  outer  border  of  the  rectal  sheath.  A 
slightly  curved  line  (with  the  conca\dty  directed  inward),  dra-^Ti  from  a  point 
between  the  seventh  and  ninth  costal  cartilages  to  the  pubic  spine,  marks  the 
direction  of  this  tendinous  line.  At  the  umbilicus  it  is  about  three  inches  (6  to 
7.5  cm.)  from  the  linea  alba,  but,  in  an  abdomen  that  has  been  chstended  by 
ascites  or  other  cause,  the  distance  is  proportionately  increased. 

The  linea?  transversse  correspond  to  the  transverse  surface  lines  in  the  upper 
abdomen,  and  are  three  tendinous  intersections  in  the  substance  of  the  rectus 
muscle,  but  do  not  extend  through  the  entire  thickness  of  the  muscle.  The  upper 
one  is  about  opposite  the  point  of  the  ensiform  cartilage;  the  second  or  middle 
one  is  on  a  line  with  the  lower  part  of  the  tenth  rib ;  and  the  third  is  about  four 
inches  lower  down  on  a  level  with  the  umbilicus.  Sometimes  there  is  a  fourth, 
below  the  umbilicus.  These  lines  divide  the  upper  part-  of  each  rectus  muscle  into 
two  muscular  squares,  those  on  the  right  being  the  longer.  In  athletic  indi- 
^'iduals  these  squares  are  quite  prominent.  The  linete  transversa:'  connect  the 
hnese  semilunares  -^vith  the  linea  alba.  ~  These  tendinous  lines  ser\T  to  limit  the 
extension  of  extravasations  and  emphysema  between  the  abdominal  layers. 

The  peritoneum,  at  the  point  where  it  is  reflected  upon  the  bladder,  is  not  fixed, 
but  varies  '^'ith  the  degree  of  distention  of  the  bladder  and  the  rectum.  When 
these  organs  are  empty  the  vesical  peritoneal  fold  is  just  below  the  superior  border 
of  the  pubic  symphysis;  when  the  bladder  is  distended  to  such  a  degree  that 
the  highest  point  of  the  fimdus  is  two  inches  (5  cm.)  above  the  symphysis,  the  per- 
itoneal reflection  may  be  estimated  to  take  place  at  a  point  about  three-fourths 
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of  an  inch  (2  cm.)  above  the  superior  border  of  the  pubic  sjonphysis.  \Vhen  the 
bladder  and  rectum  are  fully  distended  the  area  of  prevesical  space  uncovered 
by  the  peritoneum  widens  to  about  three  inches  (7.5  cm.)- 

Nerve  Supply. — The  nerve  distribution  to  the  antcro-lateral  wall  of  the 
abdomen  may  be  conveniently  divided  into  three  groups,  namely:  (1)  the 
sixth,  seventh,  and  eighth  intercostal  nerves,  which  run  downward  and  fonvard 
and  supply  the  upper  third  of  the  abdomen;  (2)  the  ninth  and  tenth  intercos- 
tal nerves,  which  course  more  horizontally  inward  and  forward  and  supply  the 
middle  third;  (3)  the  eleventh  and  twelfth  intercostal,  the  ilio-hypogastric, 
and  the  ilio-inguinal  nerves,  which  pass  downward  and  forward  to  be  distributed 
to  the  lower  third.     (The  arborescent  branches  are  shown  in  Plate  L.) 

The  intercostals  pass  between  the  internal  oblique  and  transversalis  muscles, 
pierce  the  sheath  of  the  rectus  at  the  outer  edge,  penetrate  and  supply  the  rectus 
muscle  and  its  anterior  sheath,  and  are  further  distributed  to  the  skin  in  the 
regions  mentioned.  The  ilio-hypogastric .  nerve  supplies  the  tissues  about  the 
internal  ring  and  the  hypogastric  region.  The  ilio-inguinal  emerges  at  the  ex- 
ternal ring,  and  sends  branches  to  the  thigh  and  the  scrotum  in  the  male,  and 
the  labiimi  in  the  female.  Besides  the  necessity  for  avoiding  injury  to  the 
motor  branches  of  the  nerves  supplying  the  abdominal  walls,  an  exact  knowledge 
of  the  relationship  existing  between  the  deep  and  cutaneous  branches  of  these 
nerves  is  often  of  special  value  to  the  surgeon  in  clearing  up  some  of  the  obscure 
problems  connected  with  abdominal  pain — as,  for  example,  that  of  reflected 
abdominal  pain  associated  with  certain  early  pathological  changes  in  the  cord 
and  the  vertebral  column. 

Vascular  Supply. — The  arteries  of  the  antero-lateral  abdominal  wall  are 
fairly  numerous  but  of  immaterial  size.  They  are :  the  deep,  superficial,  and  supe- 
rior epigastrics ;  the  deep  and  superficial  circumflex  iliacs ;  the  superficial  exter- 
nal pudic;  the  lowest  two  intercostals;  the  abdominal  branches  of  the  lumbar 
arteries;  the  ilio-lumbar;  and  the  musculo-phrenic.  The  larger  of  these  are: 
thetw^o  epigastrics;  the  branches  of  the  deep  circumflex  iliac ;  the  epigastric  branch 
of  the  internal  mammary;  the  last  two  intercostals;  and  the  abdominal  branches 
from  the  lumbar  arteries.  The  deep  epigastric  runs  from  a  point  to  the  inner 
side  of  the  middle  of  Poupart's  ligament,  between  the  peritoneum  and  the 
transversalis  fascia,  to  the  inner  side  of  the  internal  abdominal  ring,  and  then  on- 
ward in  an  oblique  direction  to  the  sheath  of  the  rectus,  midway  between  the 
pubis  and  the  navel,  and,  passing  beneath  the  crescentic  fold  of  Douglas,  finally 
penetrates  the  muscle  to  which  it  is  distributed.  A  line  from  the  middle  of 
Poupart's  ligament  to  the  umbilicus  indicates  the  course  of  both  the  deep  and 
the  superficial  epigastrics. 

The  veins  of  the  abdominal  wall  correspond  for  the  most  part  with  the  ar- 
teries, and  some  are  in  pairs.  There  are  several  veins  lying  over  the  peritoneum, 
in  the  lower  third  of  the  linea  alba,  and  emptying  into  the  vesical  plexus  at  the 
neck  of  the  bladder.  They  are  termed  "coeliotomy  veins"  by  Howard  Kelly. 
Kelly  also  speaks  of  a  vessel  which  runs  transversely  in  the  subcutaneous  areolar 
tissue,  about  three-fourths  of  an  inch  (2  cm.)  above  the  symphysis  pubis,  and 


EXPLANATION  OF  PLATE  L. 

THE   ANATOMICAL   LANDMARKS   AND   SURFACE   MARKINGS   OF   THE   ABDOMEN    OF 

A  WELL-DEVELOPED  FEMALE. 

The  skeletal  parts  are  indicated  either  by  dotted  hnes  or  by  printed  words.      The  arborescent 
figures  repre.sent  terminal  nerve  filaments. 
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THE    ANATOMICAL    LANDMARKS    AND    SURFACE    MARKINGS    OF 
THE  ABDOMEN.    (Well-developed  adult  Female) 
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from  which,  when  dividt-d,  arterial  blood  appeai-s  to  flow  from  one  side  and 
venous  blood  from  the  other. 

The  fatty  areolar  tissue  Ixing  between  the  fascia  trans versalis  and  the  peri- 
toneum varies  in  thickness  in  different  localities,  being  quite  thick  in  the  upper 
and  lower  portions  of  the  midline,  but  almost  absent  in  the  region  of  the  umbilicus. 
It  is  also  wanting  beneath  the  rectus  below  the  level  of  the  navel,  except  in  stout 
indi\iduals. 

The  abdominal  \'iscera  are  quite  insensitive,  except  when  inflamed,  but  the 
parietal  peritoneum  is  normal]}-  luite  sensitive,  and,  when  inflamed,  it  is  acutely 
so.  However,  dragging  on  the  omentimi  or  the  mesenter\',  or  simDar  peritoneal 
folds,  may  produce  cardiac  depression  and  even  collapse. 


SURGICAL   CnXSIDERATIOXS. 

The  operation  of  abdominal  section  should  never  be  regarded  Ughtly.  but  ever 
recognized  as  a  surgical  procedure  of  importance,  one  that  always  carries  with  it 
an  element  of  risk,  and  that  may  be,  when  least  expected,  associated  with  the 
gravest  dangers.  Not  infreciuently  the  operator  of  small  experience  and  im- 
mature ideas,  dazzled  by  the  brilliant  work  performed  by  masters  in  abdominal 
surger}'.  enters  the  abdomen  with  a  recklessness  that  is  often  startling.  It 
therefore  cannot  be  emphasized  too  forcibly  that  the  operator  who  essays  ab- 
dominal section  should  be  thoroughly  imbued  with  the  responsibilities  of  the 
operation,  both  immediate  and  remote,  and  should  be  prepared  to  meet  the 
surgical  problems  which  he  may  at  any  moment  be  called  upon  to  solve.  He 
should  appreciate  that  repeated  and  carefully  conducted  examinations  do  not 
always  disclose  the  exact  pathological  condition  which  may  exist  within  the 
abdomen — a  condition  which  may  demand  a  high  degree  of  surgical  knowledge 
and  manipulative  skill  to  recognize  and  successfully  to  overcome. 

Exploratory  Section. — The  subject  of  exploratory-  section  is  scarcelj'  a  set- 
tled one.  It  is  tme  that  eveiy  abdominal  section  is  in  a  certain  sense  explora- 
tory-, but,  at  the  same  time,  no  section  should  be  merely  an  exploration.  It  was 
only  comparatively  within  a  few  years  that  such  an  operation  for  chagnostic 
purposes  was  looked  upon  almost  as  criminal.  Now.  however,  the  pendulum 
has  swimg  far  to  the  opposite  side,  and  explorator}-  incision  seems  to  be  resorted 
to  -vxith  a  thoughtless  freciuency  that  is  to  be  deprecated  ec|ually  '^'ith  the  earlier 
position.  The  facOity  and  relative  freedom  from  risk  with  which  the  abdomen 
can  be  openeii  has  led  to  practically  an  utter  neglect,  on  the  part  of  many  opera- 
tors, of  the  honored  methods  of  abdominal  chagnosis  once  so  carefully  observed: 
and  the  indifferent,  akno.st  flippant,  manner  ^-ith  which  some  surgeons  of  broad 
experience  appear  to  regard  the  operation  must  be  held  as.  in  no  small  measure. 
responsible  for  the  situation.  It  should  be  remembered  that  what  is  perfectly 
justifiable  and  apparently  of  Uttle  moment  with  the  experienced  and  facile 
operator,  is  quite  another  thing  in  inexperienced  and  imskilled  hands.  And. 
because  the  skilful  surgeon  can  invade  the  abdomen  with  so  small  risk,  it  does 
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not  follow  that  even  he  himself  is  justified  in  resorting  to  the  performance  of 
this  operation  except  for  good  reasons. 

Exploratory  section  is  often  the  one  and  only  means  by  which  a  correct 
knowledge  of  the  condition  of  things  within  the  abdomen  can  be  obtained,  and 
thus  it  is  not  only  frequently  justifiable  but  absolutely  demanded,  and  no  con- 
scientious man  would  hesitate  to  offer  such  a  benefit  to  his  patient.  But,  before 
he  resorts  to  this  step,  he  should  make  an  exhaustive  and  painstaking  examina- 
tion of  the  case,  and,  in  elucidating  its  obscurities,  he  should  utilize  every  diagnos- 
tic method  at  his  disposal. 

Abdominal  section  for  the  purpose  of  exploration  may  be  legitimately  under- 
taken when  it  is  evident  that  the  conditions  within  the  abdomen  are  such  that 
an  operation  will  have  to  be  performed,  although  the  nature  of  the  pathological 
changes  is  obscure.  It  is  also  permissible  in  cases  in  which  there  is  no  question  of 
doubt  concerning  the  nature  of  the  lesion,  but  in  which  it  is  not  possible  to  say, 
until  the  abdomen  is  opened,  whether  the  condition  is  operable  or  not,  or  even 
whether  a  chance  exists  that  the  patient  may  be  temporarily  benefited  thereby. 

Whilst  a  short  exploratory  incision  is  always  preferable,  there  should  l^e  no 
hesitancy  in  extending  it  to  any  proper  length  in  order  to  accomplish  in  a  prompt 
and  thorough  manner  the  purposes  for  which  the  operation  was  made.  Although 
the  once  prevalent  belief  that  the  degree  of  shock  is  in  direct  proportion  to  the 
length  of  the  incision  is  no  longer  tenable;  it  should  not  be  forgotten  that  long 
incisions  always  add  to  the  degree  of  operative  shock  and  correspondingly  to  the 
gravity  of  the  case,  and  may  prove  the  determining  factor  in  a  fatal  issue.  In 
this  connection  it  is  well  to  remark  that  rashness  should  be  avoided  in  inflicting 
injury  upon  an  intra-abdominal  growth  or  lesion  which  may  prove  to  be  in- 
operable ;  for,  as  Tait  long  ago  observed,  it  is  quite  easy  to  convert  an  exploratory 
incision  into  a  completed  operation,  but  often  impossible  to  change  an  incomplete 
operation  into  a  simple  exploratory  incision. 

Drainage. — The  employment  of  drainage  in  wounds  dates  back  to  the  earliest 
days  of  medicine.  Drainage  of  wounds  was  practised  in  the  time  of  Hippocrates, 
and  since  then  has  been  advocated  up  to  the  present  moment.  Roussetus 
advised  draining  the  w^omb  in  Ca^sarean  section  by  means  of  '^a  Cannulated 
Pessary  to  be  inserted  in  the  Os  Uteri";  and  Laurence  Heister,  in  1768,  recom- 
mended drainage  of  the  abdomen  for  the  same  operation,  as  well  as  for  other 
wounds  involving  this  cavity,  by  the  use  of  a  "Cannula  or  Tent  to  discharge  the 
Matter  and  other  Humours,"  and  added  that  the  cavity  should  be  "cleaned  by 
repeated  injections  of  Some  Vulnerary  Decoction." 

In  the  beginning  surgeons  were  impelled  to  resort  to  drains  because  the 
formation  of  pus  almost  invariably  followed  upon  a  wound,  and  they  thus  en- 
deavored to  prevent  or  limit  suppuration  by  providing  for  the  ready  escape  of 
the  wound  secretions  and  inflammatory  products.  During  the  first  j^ears  of  ab- 
dominal surgery  death  from  post-operative  peritonitis  was  believed  to  be 
infrequent.  The  lethal  result  was  ascribed  rather  to  the  poisonous  effect  of  the 
"red  serum,"  as  suggested  by  Keith,  the  absorption  of  which  was  considered 
the  great  menace  to  life  after  ovariotomy  and  other  operations  involving  the  peri- 
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toncum.  As  a  consequence  the  use  of  drains  for  convening  off  this  toxic  fluid 
was  extensively  practised,  and  regarded  as  a  necessary  part  of  the  toilet  of  every 
abdominal  section.  \\\\h  the  discovery  of  pyogenic  bacteria,  and  of  the  fact  that 
infective  inflammation  was  dependent  upon  their  presence,  drainage  was  con- 
sidered equally  necessary  to  prevent  the  retention  of  these  germs  in  the  depths 
of  the  wound.  But,  later,  it  was  learned  that  the  drain,  while  it  undoubtedly 
favored  the  removal  of  germs,  often  liecame  the  chrect  avenue  by  which  septic 
organisms  were  introduced  into  the  peritoneal  ca\ity.  It  was  found,  in  addition, 
that  a  drain  is  a  foreign  body,  the  presence  of  which  increased  wound  secretion; 
that  mechanical  devices  were  not  necessary  for  removing  the  products  of  injured 
peritoneal  surfaces,  pro\'ided  they  were  not  largely  infected ;  that  the  peritoneum 
is  remarkably  tolerant  of  infectious  matter,  and  therefore  much  more  capable 
of  self-protection  when  not  handicapped  by  the  presence  of  a  foreign  substance, 
even  in  the  form  of  a  drain,  which  interferes  with  its  resistive  powers:  and, 
consequently,  that  drainage  is  not  nearly  so  important  as  was  fonnerly  believed, 
— indeed,  that  it  is  often  actually  harmful.  Hence  it  can  now  be  stated  that 
carefull}^  conducted  asepsis  renders  drainage  superfluous  in  the  majoritj^  of 
abdominal  sections,  and  that,  even  if  infection  exists  to  a  limited  degree,  the 
peritoneal  cavity  may  be  closed  with  reasonable  safety.  But  so  much  depends 
upon  the  emironment  and  personal  susceptibility  of  the  patient  to  infection, 
upon  the  extent  and  effects  on  the  peritoneum  of  operative  manipulation,  upon 
the  \irulence  of  the  infection  (if  such  exists),  and  upon  the  experience,  judgment, 
and  methods  of  the  individual  operator,  that  it  is  impossible  to  fomiulate  rules 
that  \\ill  meet  the  requirements  of  every  case.  Notwithstanding  our  increased 
knowledge,  the  problem  of  drainage  is  not  3'et  solved.  It  is  a  problem  in  regard 
to  which  there  is  yet  quite  as  great  difference  of  opinion  as  exists  'udth  regard  to 
any  other  subject  comiected  with  abdominal  surgery. 

Some  operators  have  adopted  the  radical  practice  of  dispensing  with  drains 
in  all  abdominal  operations  except  in  the  presence  of  extensive  and  ^'irulent  in- 
fection and  infection  in  the  presence  of  extensive  peritoneal  mipairment :  whereas 
others  adhere  to  the  earlier  method  of  draining  in  practically  all  cases.  Between 
these  extremes  are  found  surgeons  who  drain  much  less  frequent h-  than  before, 
but  still  resort  to  the  practice  in  questionable  instances  of  their  own.  The 
methods  which  they  use,  however,  are  simpler  and  less  bulky  than  were  those  of 
fomier  days. 

Drainage  Material. — Cannulae  or  tubular  drains  were  the  earUest  devices 
emplo^'ed  for  favoring  the  escaj^e  of  wound  discharges.  The  soft-iTibber  tube, 
still  in  use,  was  introduced  by  Chassaignac,  in  1859;  and,  a  few  j^ears  later  (in 
1867),  Koeberle  offered  to  the  Profession  his  perforated  tubes,  with  bulbous  ends, 
for  peritoneal  drainage.  About  the  same  period  straight  glass  tubes  were 
employed  by  Keith  and  Spencer  Wells.  These  tubes  enjoyed  a  short  but  vade 
popularity.  It  was  found,  how^ever,  that  they,  as  well  as  all  hard  drains,  often 
produced  damage  to  the  intestines  and  other  important  structures  through 
pressure  necrosis, — a  damage  which  resulted  in  fecal  fistula  in  the  former,  and 
ulcerative  processes  in  the  latter,  instances, — and  they  soon  fell  into  disuse. 
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Capillary  drainage  was  the  next  method  to  claim  the  attention  of  the  sur- 
geon. This  method  was  effected  by  means  of  gauze,  or  by  a  combination  of 
soft-rubber  tubes  with  gauze  wicks.  The  use  of  alternate  layers  of  gauze 
and  rubber  tissue  rolled  into  the  shape  of  a  pencil  or  cigarette,  constitutes  the 
most  trustworthy  method  of  employing  drainage  at  the  present  time.  Folded 
rubber  tissue,  composed  of  several  layers  which  have  been  rolled  or  folded  to- 
gether, is  also  popular.  The  split  rubber  tube  armed  with  gauze  wick  and  the 
cigarette  drain  are  the  methods  of  choice  when  gauze  is  to  be  used.  Both  of 
them  should  be  amply  large.  The  cigarette  drain  is  made  by  placing  one  or  more 
layers  of  sterile  gauze,  of  the  desired  size,  on  a  sheet  of  tissue,  which  should  be 
slightly  wider  than  the  gauze,  and  then  rolled  into  a  loose  roll  of  the  required 
size.  Two  or  three  sterile  stitches  hold  the  roll  together.  The  cigarette  drain 
is  one  of  the  best  fomis  of  capillary  drain,  and  it  possesses  two  important  ad- 
vantages: it  does  not  adhere  to  the  peritoneal  surfaces  (provided  the  textile 
fabric  part  does  not  come  in  contact  with  them),  and  it  can  be  removed  at  any 
moment  without  disturbing  protective  adhesions  and  without  causing  pain. 

Objections  to  Drainage. — The  objections  to  drainage  are  manifold: — The 
drain  keeps  the  wound  open  and  delays  union,  and  the  tract  occupied  by  the 
drain  soon  becomes  infected  and  thereby  adds  a  dangerous  atrium  for  the  en- 
trance of  bacteria  into  the  peritoneal  cavity.  A  drain  is  always  an  irritating 
body,  interfering  with  the  natural  resistance  of  the  peritoneum  and  increasing 
the  serous  flow  in  proportion  to  the  extent  of  wounded  and  serous  surfaces 
exposed  to  its  irritating  contact.  The  drain  often  fails  to  remove  fluids,  for, 
becoming  quickly  clogged,  it  may  act  as  a  plug  and  stop  the  drainage.  The 
removal  of  the  gauze  drain  is  extremely  painful,  and,  besides,  it  may  break  dowTi 
granulations  and  protective  adhesions,  thus  increasing  the  risk  of  infection  or 
causing  prolapse  of  the  omentum  or  intestines  and  possibly  inducing  hemorrhage. 
Drainage  predisposes  to  hernia,  which  is  found  in  eight  per  cent  of  the  cases,  and 
post-operative  ileus  is  oftener  encountered  in  drained  than  in  undrained  cases. 
Drainage  requires  frequent  change  of  dressings. 

Again,  the  great  objection  to  peritoneal  drainage  is  that  it  does  not  usually 
accomplish  its  purpose,  for  the  mechanical  difficulties  prevent  this  after  a  short 
time.  All  drains  become  walled-off  from  the  general  cavity  in  a  few  hours,  and 
their  function  then  ceases.  Tubes  cease  to  drain  in  about  twelve  hours;  and  in 
twenty-four  hours  the  meshes  of  gauze  fill  up,  the  drain  becomes  adherent  to  the 
peritoneum,  and  its  capillarity  is  lost. 

Indications  for  Drainage. — Drainage  is  not  indicated  in  uncomplicated  asep- 
tic cases.  It  is  called  for  in  the  presence  of  positive  infection,  and  also  where 
there  is  much  hemorrhage.  It  is  indicated  where  the  urinary  bladder  and  the 
gall-bladder  are  opened,  since  the  contents  of  these  organs  are  usually  infected; 
and  immediate  provision  should  therefore  be  made  for  di'aining  them.  Abdom- 
inal drainage  should  be  employed  also  in  walled-off  abscesses,  as,  for  example, 
in  appendicitis,  in  extensive  suppuration  in  the  pelvis,  where  the  pus  collection 
cannot  be  reached  through  the  vagina,  and  in  a  widespread  or  general  peritoneal 
infection.     A  prophylactic  drain  should  be  used  when  the  hollow  viscera  have 
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been  sutured  and  whi-n,  in  c-onscMiucnce,  there  is  uncertainty  as  to  subsequent 
leakage. 

Drainage  of  the  abdominal  wound  is  indicated  in  abdomens  with  a  very 
thick  layer  of  subcutaneous  fat.  This  layer,  owing  to  the  fact  that  it  is  poorly 
vascularized,  has  a  tendency  to  break  down,  and  this  circumstance,  together 
with  the  ooze  of  lymph  and  fatty  matter  that  occurs  in  many  cases,  inci-eases 
the  danger  of  infection.  In  this  class  of  cases,  therefore,  capillary  drainage  is 
advisable. 

Gauze,  in  common  with  all  drainage  material,  has  certain  disadvantages. 
Some  of  them  have  been  referred  to,  but  the  chief  objection  is  that  it  drains 
serum  onlj^,  and  does  not  remove  pus  or  blood.  This  statement  has  met  with 
denial  by  some  observers,  who  maintain  that,  if  rationally  applied. and  in  suf- 
ficient quantity,  it  will  drain  both  purulent  and  bloody  effusion  from  the  free 
peritoneal  ca\ity.  (R.  C.  Coffey.)  This  deficiency,  as  well  as  the  fact  that  gauze 
loses  its  capillarity  in  forty-eight  hours  at  the  farthest,  should  be  borne  in  mind. 
Hence,  when  it  is  employed  as  a  packing  in  hemorrhage,  it  may,  after  a  short 
while,  act  as  a  dam,  permitting  blood  and  pus  to  accumulate  beneath  it,  and  thus 
cause  extended  infection.  But,  despite  all  these  objections,  gauze  is  the  most 
widely  used  and  reliable  material  at  our  command,  and,  when  used  in  ample 
quantity  and  of  sufficient  thickness  at  the  exit  of  the  wound,  it  may  be  safely 
relied  upon  in  most  instances.  Its  efficiency  is  also  greatly  enhanced  if  the 
outer  end  is  placed  in  a  dependent  position  and  in  contact  with  an  abun- 
dant absorbent  dressing.  The  well-kno-^Ti  tampon  drain  of  Mikulicz  is  a  con- 
venient method  of  utilizing  gauze  in  draining  large  cavities,  especially  where 
the  wicks  are  to  be  gradually  removed. 

Medicated  gauzes  are  now  seldom  used,  and  possess  no  advantage  over  the 
plain  sterile  material.  The  drug  with  which  they  are  impregnated  may  infiict 
serious  harm,  and  this  is  particularly  true  of  iodoform,  which,  in  my  opinion, 
should  never  be  introduced  into  the  abdomen  in  debilitated  patients  or  in  those 
who  are  suffering  from  kidney  lesion. 

^Miere  it  is  desirable  to  hold  a  drain  in  contact  \sith  some  definite  area, — 
as,  for  instance,  in  the  neighborhood  of  the  ureter  or  the  common  bile  duct,  and 
therefore  in  a  position  from  which  it  is  liable  to  be  displaced  by  the  movements 
of  the  body  or  through  other  agencies, — the  tube  or  wdck  may  be  sutured  to 
adjacent  tissue  with  catgut.  The  gut  is  absorbed  in  a  few  days,  and  the  drain 
is  then  easily  removed. 

All  drains  should  be  as  small  as  is  consistent  with  effectiveness,  and  should  be 
removed  as  early  as  conditions  will  permit.  The  utmost  gentleness  should  be 
observed  in  removing  a  gauze  drain.  Rudeness  is  never  permissible,  lest  either 
intestinal  prolapse  or  reinfection  follow  the  removal.  If  allowed  to  remain  for 
a  period  of  from  six  to  ten  days  the  drain  will  be  f oimd  loosened,  and  can  then  be 
readily  withdrawn. 

Drainage  through  a  Stab-Wound. — A  drain  introduced  into  the  abdomen 
through  a  small  wound  separate  from  the  main  incision,  and  kno-^ii  as  the  stab- 
wound  drain,  has  been  found  of  great  value  and  a  decided  addition  to  our  resources 
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in  the  application  of  drainage,  especially  in  cases  of  extended  infection.  A 
puncture  or  stab  with  a  bistoury  is  made  through  the  abdominal  wall  at  a  distance 
from  the  principal  incision  and  at  a  convenient  point  for  drainage.  This  is  then 
forcibly  stretched  by  forceps  which  also  grasp  the  drain  from  the  inside  and 
bring  it  out  through  the  opening.  This  method  lessens  the  risk  of  infecting  the 
longer  incision  and  the  tendency  to  hernia. 

Drainage  through  the  Vagina  and  Rectum. — Drainage  of  the  pelvic  cavity 
through  Douglas'  cul-de-sac  was  introduced  in  1864  by  Peaslee  in  this  country, 
and  by  Keith  in  Scotland,  and  for  years  was  alternately  in  favor  and  in  disrepute. 
It  is  now  probably  the  preferred  route  in  the  majority  of  instances  requiring 
drainage  of  the  pelvis  and  lower  abdomen. 

The  advantages  of  vaginal  drainage  are  evident.  In  the  first  place,  there 
is  no  uphill  drainage,  but  instead  there  is  afforded  a  natural  gravity  route  which 
is  both  short  and  direct.  The  primary  union  of  the  abdominal  incision  is  not 
disturbed — a  result  which  not  only  renders  the  period  of  convalescence  shorter 
and  more  satisfactory,  but  minimizes  the  risk  of  hernia.  The  only  objection 
lies  in  the  difficulty  of  securing  vaginal  asepsis.  This  danger,  however,  has  been 
exaggerated,  for,  with  careful  attention  to  the  details  in  the  preparation  of  the 
parts,  the  risk  of  infection  may  be  reduced  to  almost  nothing. 

At  about  the  same  period  drainage  of  the  pelvis  through  the  rectum  was  sug- 
gested and  tried,  but  failed  of  its  object  for.  reasons  now  well  understood.  Quite 
recently  it  has  been  again  brought  forward  by  MacLaren,  who  makes  extra- 
ordinary claims  for  the. method  in  the  treatment  of  pelvic  abscess  in  men. 

Postural  Drainage. — The  important  observations  of  Muscatello,  John  G. 
Clarke,  and  others,  have  demonstrated  that  there  exists  in  the  peritoneal  cavity 
a  force  which  conveys  fluids  and  solid  particles,  present  in  the  cavity,  toward 
the  diaphragm.  These  readily  pass  through  the  endothelial  layer  of  the  dia- 
phragmatic and  omental  peritoneum,  the  area  of  the  diaphragm  manifesting  a 
special  affinity  for  the  grosser  material.  This  current  takes  place  irrespective 
of  position,  although  it  is  influenced  to  a  certain  extent  by  gravity.  There- 
fore, gravity  being  the  most  important  principle  in  all  drainage,  and  it  being  a 
fact  that  absorption  into  the  lymphatics  of  the  upper  abdomen  takes  place 
rapidly,  while  the  pelvic  peritoneum  is  slow  in  absorbing,  postural  drainage  has 
come  into  almost  universal  use  after  abdominal  operations,  and  particularly  where 
widespread  peritoneal  sepsis  exists.  Postural  drainage  is  secured  by  the  Fowler 
or  pelvic-low  position,  in  which  the  patient  is  maintained  in  the  complete  or  semi- 
sitting posture  for  several  days  after  the  operation,  until  the  danger  of  general 
septic  dissemination  has  passed.  The  fear  of  the  effect  of  this  position  on  cir- 
culatory failure  in  enfeebled  patients  should  not  be  given  too  much  weight,  since 
the  existing  cardiac  weakness  is  due  to  degenerative  changes  dependent  upon  the 
absorption  of  septic  toxins,  and  would  be  overcome  rather  than  aggravated  by 
measures  that  lessen  and  retard  septic  absorption. 

Fowler  elevates  the  head  of  the  bed  to  an  angle  of  thirty  degrees  (Fig.  52), 
or  to  a  point  from  twelve  to  eighteen  inches  above  the  horizontal,  while  the  patient 
remains  on  the  back.     To  prevent  the  patient  from  sliding  down  in  bed  a  folded 
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pillow  is  placed  beneath  the  flexed  thighs,  and  secured  in  this  position  by  a  stout 
bandage  made  fast  to  the  sides  of  the  bed  frame.  Other  surgeons  prefer  to  o]> 
tain  the  necessary  angle  by  raising  the  head  and  trunk  by  means  of  pillows  or  a 
back  rest,  wdth  thigh  slings;  while  still  others  employ  retaining  frames  and 
other  devices.  The  main  object,  however,  is  to  secure  the  angle  of  elevation  from 
the  hij^s  and  not  from  the  middle  of  the  back  or  shoulders,  as  is  so  often  seen. 


Fig.  52. — The  Fowler  or  Pehac-Low  Position. 


Recently,  Dr.  R.  C.  Coffey  has  shown,  by  some  interesting  experiments,  that  it 
requires  an  elevation  of  the  trunk  to  an  angle  of  from  sixty  to  seventy  degrees  to 
secure  drainage  of  the  renal  and  iliac  fossae. 

Irrigation  of  the  Abdominal  Cavity. — There  is  evidently  a  growing  ten- 
dency on  the  part  of  surgeons  to  limit  the  use  of  irrigation  of  the  peritoneal  cavity 
to  widely  distributed  infections.  The  more  modern  treatment  of  peritonitis  by 
local  drainage,  by  the  exaggerated  Fowler  position,  and  by  flushing  the  vessels 
through  abundant  colonic  injections  of  normal  salt  solution,  has  largely  super- 
seded the  older  method  of  peritoneal  irrigation. 

Dr.  John  B.  Murphy's  continuous  method  of  employing  enteroclysis  is  a 
most  rational  one,  and  has  given  to  the  profession  a  life-saving  element  of  the 
very  first  consequence  in  the  treatment  of  septic  peritonitis.  Murphy  has  showTi 
that  the  mucosa  of  the  large  intestine  absorbs  water  with  great  rapidity;  and 
that,  by  the  rectal  instillation  of  saline  solution,  as  much  as  one  pint  and  a  half 
is  absorbed,  on  an  average,  in  from  three-quarters  of  an  hour  to  one  hour.  By 
this  means  large  quantities  of  fluid  are  introduced  into  the  circulation,  thus 
increasing  the  activity  of  the  secretions,  promoting  the  elimination  of  septic 
material,  and  promptly  restoring  the  normal  blood  pressure.  Murphy  believes 
that  in  these  cases  proctoclysis  is  second  in  importance  only  to  a  conservative 
technique.     He  lays  particular  emphasis  upon  the  observance  of  the  details  of 
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the  plan,  and  declares  that  the  best  results  are  obtained  only  when  these  details 
are  carried  out  with  precision. 

We  have  learned  that  irrigation  of  the  peritoneal  cavity  is  often  harmful, 
through  the  risk  of  distributing  septic  material  to  uncontaminated  peritoneal 
areas,  and  that,  oftener  still,  it  is  not  needed;  and  }'('t  irrigation  is  the  best  means, 
at  our  command,  of  freeing  the  peritoneum  of  septic  matter,  blood,  and  other 
detritus.  Small  circumscribed  quantities  of  pus  and  blood,  if  promptly  removed, 
can  be  sufficiently  cleared  away  by  sponge-wiping,  and  any  little  that  remains 
may  usually  be  safely  left  to  the  care  of  the  peritoneum. 

The  normal  salt  solution  at  a  temperature  of  about  110°  F.  is  the  only  fluid 
to  be  employed  for  irrigation,  and  when  used  it  should  be  confined  to  the  con- 
taminated area.  This  may  be  done  by  isolating  the  locality  with  gauze  sponges 
and  introducing  the  solution  in  small  quantities,  which  should  be  poured  from  a 
pitcher  or  directed  against  the  part  by  means  of  a  glass  irrigating  tube  attached 
to  a  funnel.  A  small  quantity  is  introduced  at  a  time  and  then  soaked  up  by 
sponges,  and  this  is  repeated  until  the  part  is  properly  cleansed.  AMiere  blood 
or  pus  is  effused  in  large  quantity,  becoming  disseminated  among  the  ^-iscera, 
the  entire  abdominal  cavity  should  be  irrigated  with  thoroughness.  This  is 
facilitated  by  raising  the  pelvis  and  lowering  it,  alternately,  for  a  number  of 
times — a  procedure  which  aids  in  conveying  currents  of  fluid  to  and  from  the 
diaphragm  and  upper  peritoneal  recesses.  At  the  same  time  free  escape  for 
the  returning  fluid  should  be  secured  by  keeping  the  edges  of  the  wound  widely 
retracted.  The  remaining  portion  of  fluid  should  be  absorbed  by  sponges,  and 
the  pelvis  and  flanks  wtII  dried  out.  In  instances  of  intestinal  distention, 
especially  if  the  bowel  is  much  "ballooned,"  it  is  quite  difficult — indeed,  often 
impossible  and  therefore  impracticable — to  attempt  to  flush  the  peritoneal 
cavity. 

The  introduction  of  hot  salt  solution  into  the  abdominal  cavity  also  serves 
the  additional  purpose  of  furnishing  prompt  and  valuable  stimulation,  so  often 
needed  in  these  cases. 

Position  of  the  Patient  during  Operation. — ^The  dorsal  decubitus,  with  the 
head  and  legs  lying  flat,  is  the  usual  position  of  the  patient  on  the  operating 
table,  and  is  the  most  convenient  for  performing  the  majority  of  operations 
demanding  abdominal  section.  Where  the  abdominal  wafls  are  very  tense, 
owing  to  a  high  degree  of  intestinal  distention,  some  relaxation  may  be  gained  by 
flexing  the  thighs  and  raising  the  shoulders;  but  this  offers  little  advantage  over 
the  simple  horizontal  posture.  The  view  of  the  ca\dty  of  the  flank  may  some- 
times be  increased  by  rolling  the  patient  tow^ard  the  sound  side, — a  pro- 
cedure which  should  be  carried  out  by  assistants  or  by  the  aid  of  mechanical 
appliance. 

In  all  operations  involving  the  pelvis  and  lower  abdomen  the  Trendelenburg  or 
elevated  pelvis  position  (Fig.  53)  affords  such  decided  facility  for  deep  work  that  it 
has  become  indispensable  in  operations  upon  the  pelvic  organs.  It  is  probable  that 
Bardenhauer,  of  Cologne,  was  the  first  surgeon  to  recognize  the  advantage  of 
this  position,  but  Trendelenburg  popularized  it,  and  it  is  generally  spoken  of  by 
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his  name.  This  position  causes  the  intestines  to  be  displaced  upward  away  from 
the  field  of  operation,  where  they  are  easily  supported  by  large  fiat  gauze  sponges, 
or  roll-packs,  which  permit  an  unobstructc^d  view  of  the  pelvic  contents.  In  some 
favoi-able  cases  manipulation  is  thus  facilitatc^d  to  such  a  degree  that  it  is  almost 
as  easily  executed  as  when  one  is  operating  on  the  surface.  The  best  results  arc 
secured  by  placing  the  patient  in  the  desired  position  during  the  progress  of  the 
final  preparation  and  the  administration  of  the  anaesthetic;  the  pelvis  being 
elevated  by  gradual  stages  and  the  viscera  allowed  to  gravitate  slowly  to,  and 
become  settled  in,  the  upper  abdomen.  In  emaciated  and  ansemic  women  this 
position  possesses  the  additional  advantage  of  lessening  shock  by  keeping  a 
larger  volume  of  blood  in  the  brain. 

The  degree  of  change  in  posture  required  differs  in  different  cases.    It  may  vary 
from  an  inclination  of  only  eighteen  to  one  of  forty-five  degrees,  or  even  more. 


Fig.  53. — The  Trendelenburg  or  Elevated  Pelvis  Position. 

but  an  angle  of  thirty  degrees  is  the  average.  There  are  certain  dangers  con- 
nected with  this  position,  and  the  knowledge  of  their  existence  should  prevent 
careless  employment  of  the  method.  Thus,  for  example,  keeping  the  trunk 
well  bent  forward  produces  marked  strain  upon  the  circulatory  and  respiratory 
organs  through  pressure  on  the  diaphragm,  and  consequently,  in  stout  and 
plethoric  women  with  flabby  hearts  and  intestines  weighted  down  with  fat,  sud- 
den and  fatal  cardiac  and  respiratory  failure  may  occur.  And  yet  it  is  in  obese 
patients  that  an  extreme  angle  of  pelvic  elevation  is  the  more  often  necessary. 
Labored  breathing,  cyanosed  face,  irregular  pulse,  and  dilated  pupils  are  the 
danger  signals  that  call  for  prompt  restoration  of  the  body  to  a  normal  horizontal 
posture.  After  the  intestines  have  gravitated  toward  the  diaphragm  and  the  re- 
taining packs  are  in  place,  the  pelvis  can  be  considerably  lowered  without  dis- 
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tuibing  them.  In  the  next  place,  gravity  increases  the  danger  of  conveying  septic 
matter  to  the  upper  part  of  the  abdomen;  and  this,  together  with  the  lessening  of 
bleeding,  which  may  become  dangerously  active  when  the  body  is  again  placed 
horizontally,  is  sufficiently  serious  to  cause  some  surgeons  to  reject  this  po.sition 
entirely.  If  it  is  employed,  it  should  be  understood  that  the  patient  is  to  be 
kept  in  this  position  only  as  long  as  is  absolutely  necessaiy,  the  angle  being 
diminished  after  the  intestines  are  packed  away  from  the  pelvis,  and  the 
position  of  the  trunk  being  changed  to  the  horizontal  upon  the  first  indication 
of  heart  or  respiratory  embarrassment.  As  a  precautionary  measure  it  is 
well  to  avoid  suddenly  returning  the  patient  to  the  horizontal  position,  since 
in  feeble  patients  syncope  may,  under  these  circumstances,  result  from  sudden 
cerebral  anaemia. 

All  of  the  modem  operating  tables  are  fitted  with  mechanical  arrangements 
for  placing  the  patient  in  the  elevated  pehdc  position.  In  some  of  these  tables 
the  arrangements  are  such  that  the  pehdc  elevation  is  secured  by  bending  the 
trunk  at  the  level  of  the  lower  edge  of  the  scapukc,  the  weight  of  the  patient's 
body  resting  on  the  shoulders,  with  the  neck  bent  fonvard ;  while  in  other  tables 
the  whole  body  is  tilted  by  means  of  a  plane  inclined  downward  (Fig.  53). 

The  position  which  is  generally  employed  in  operations  on  the  liver,  gall- 
bladder, and  gall-ducts  is  that  in  which  the  patient  lies  on  the  back  over  a  cushion 
or  sand-bag,  ^dth  the  shoulders  slightly  raised.  The  advantages  of  this  position 
were  first  mentioned,  about  ten  years  ago,  by  Dr.  J.  ^Mieelock  Elliot,  who  showed 


Fig.  54. — Patient  in  Elliot's  Position  on  the  Scanlon-Morris  Table.     (Elevation  by  Angulation.) 

that,  when  the  patient  is  placed  on  a  plane  inclined  at  an  angle  of  forty-five 
degrees,  with  a  sand-bag  under  the  back  at  the  level  of  the  Hver,  the  intestines 
fall  away  toward  the  lower  abdomen  and  the  liver  is  thrust  forward;  and  that, 
as  a  result  of  these  changes  in  the  positions  of  the  different  organs,  the  field  of 
operation  is  much  enlarged,  and  ready  access  is  afforded  to  the  gall-bladder  and 
cystic  and  common  ducts.  A  pneumatic  mbber  cushion  is  preferable  to  the  sand- 
bag, because  it  is  more  elastic  and  because  the  ten.sion  can  be  regulated  by  a 
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stop-cock  attached  to  the  cushion.  \Mierc  a  vertical  incision  is  made,  the 
position  just  advocated,  by  putting  the  muscles  on  the  stretch  through  the 
pushing  forward  of  the  costal  margins,  rendci-s  the  edges  of  the  incision  tense 
and  difficult  to  retract.  This  does  not  happen  in  the  subcostal  incision  or  where 
either  the  Mayo  Robson  or  the  Bcvan  cuts  are  employed. 

The  recent  operating  tables,  such  as  those  provided  with  the  Lillicnthal  bridge, 
and  the  Scanlon-^Iorris  table  (Fig.  54),  by  which  the  elevation  is  secured  by 
angulation,  are  pro^ided  ■s\ith  arrangements  for  placing  the  patient  in  this 
position. 

In  operations  upon  the  kidney  and  ureter  the  patient  is  placed  '^ith  the 
sound  side  over  a  cushion,  which  renders  the  affected  side  prominent.  This 
is  utilized  in  transverse  and  oblique  incisions  across  the  antero-lateral  abdominal 
walls,  and  materially  aids  the  steps  of  the  operation. 


IXCISIOXS. 

Some  Principles  Involved. — There  are  certain  principles  that  should  always 
govern  the  surgeon  in  pert'orming  an  abdominal  section — principles  wliich  make 
it  one  of  the  most  important  procedures  in  the  broad  compass  of  abdominal  sur- 
gery. A  careless  indifference  to  these  principles,  and  the  resulting  reckless 
sacrifice  of  motor  nerves,  muscular  and  aponeurotic  fibres,  and  blood-vessels, 
may  lead  to  conditions  that  are  even  worse  than  that  for  which  the  operation 
was  originally  required.  Of  the  stnictures  mentioned  none  should  be  more 
carefully  protected  than  the  motor  nerves.  A  division  of  these  nerves  is  often 
followed  by  muscular  atrophy  and  hernia.  This  has  been  sho^m  in  pubHshed 
cases,  in  which  the  fibres  of  the  rectus  were  di^-ided  or  separated  at  the  outer  side 
\^-ithout  reference  to  the  location  of  the  related  nen'es;  and  in  consequence  the 
median  side  of  the  muscle  has  become  atrophic  and  eventually  hernia  has 
developed. 

The  integrity  of  muscular  tissue  should  be  disturbed  as  little  as  possible. 
Muscular  belhes  should  never  be  cut  through,  either  transversely  or  obhquely, 
imless  such  a  step  is  absolutely  unavoidable;  and  then  careful  apposition  of  the 
edges  by  sutures  should  be  made.  :\Iuch  less  injur\^  will  be  produced  by  open- 
ing the  sheath  and  displacing  the  muscles  (Fig.  oo),  or  by  the  intramuscular 
separation  of  the  fibres  along  the  cleavage  line  (Fig.  56),  and  this  principle  should 
always  be  apphed  when  possible.  Intramuscular  separation  diminishes  the 
danger  of  nerve  injuiy,  although,  when  it  is  done  extensively,  the  nerve  supply 
is  always  damaged  to  a  greater  or  less  degree.  The  same  rigid  i-ule  should 
be  applied  to  aponeurotic  fibres,  since  it  is  in  the  aponeurosis  that  the  strength  of 
the  parietes  largely  resides;  although,  owuag  to  the  fact  that  muscular  tissue 
is  the  more  resistant  of  the  two  stmctures  to  the  development  of  hernia,  it  is 
safer  to  cut  muscle  than  aponeurosis. 

^McBumey's  gridiron  operation  for  appendiceetomy  may  be  taken  as  a  type  of 
an  intramuscular  operation  at  other  situations.     In  this  procedure  the  musculo- 
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aponeurotic  layers  of  the  wall  are  separated  in  line  with  the  direcfion  of  their 
fibres,  and  thereby  paralysis  and  weakening  from  nerve  severance  and  from  the 
dividing  of  muscle  fibres  are  avoided.     (Fig.  57.) 

Incisions  that  destroy  muscular  attachments  to  bone— as,  for  example,  where 
the  muscles  along  the  crest  of  the  ilium  are  divided— are  advisable  only  in  case  of 
necessity. 

The  arteries  of  the  abdominal  wall  are  for  the  most  part  small,  and  are  of 
secondary  importance  as  compared  with  the  nerves.     But  the  blood-vessels 

should  be  spared  whenever  possible, 
and  especially  the  deep  and  superior 
epigastric  arteries. 

The  incision  should  be  made  by  a 
free,  clean  cut,  down  to  the  aponeu- 
rosis, and  not  by  a  laborious  division 
of  the  tissues  layer  by  layer,  as  was  at 
one  time  advised.  In  thick,  fat  ab- 
domens, however,  it  may  be  necessary 
to  incise  the  fatty  layer  by  several 
successive  cuts.  The  skin  and  subcu- 
taneous tissue  of  the  anterior  wall  are 
usually  lax  and  movable,  and,  even 
when  there  is  a  considerable  amount  of 
fat,  it  becomes  easy  for  the  experienced 
operator  to  estimate  by  touch  the 
thickness  of  the  parietes,  and  to  gauge 
practically  the  depth  and  length  of 
the  incision. 

The  incision  should  be  smooth 
and  clearly  defined,  without  ragged 
or  frayed  edges,  and  it  should  be  of 
the  same  length  throughout  all  the 
layers.  A  funnel-shaped  wound,  such 
as  results  from  a  long  skin  incision  and 
a  short  peritoneal  opening,  is,  in  my 
opinion,  to  be  avoided.  The  incision 
can  be  quickly  extended  by  a  few  cuts  with  blunt-pointed  scissors  or  a  scalpel. 

Location,  Direction,  and  Character  of  the  Incision.  (Plate  XLIX.) — The 
abdomen  should  be  opened  by  that  incision  which  produces  the  least  disturbance 
of  the  tissues  composing  its  walls,  and  which  affords  a  plain  view  of  and  free 
access  to  the  parts  to  be  operated  upon.  There  is  no  exact  rule  to  be  followed 
in  effecting  this.  A  superficial  or  skin  incision  may  usually  be  placed  at  any 
point  or  carried  in  any  practical  direction,  but  the  deep  incision  must  always 
be  made  with  due  respect  for  the  anatomical  structures  involved. 

A  superficial  transverse  incision  may  be  combined  with  a  vertical  division 
of  the  muscle;  or  a  vertical  median  skin  incision  may  be  combined  with  a  lateral 


Fig.  55. —  This  Figure  Shows  tlie  Battle- 
Jalaquier-Kammerer  Incision.  Vertical  Incision, 
a  httle  to  one  side  of  the  median  line,  through 
the  anterior  sheath  of  the  rectus;  the  edges  of 
this  sheath  held  apart  by  forceps;  the  belly  of 
the  muscle  retracted  toward  the  median  line; 
and  the  posterior  sheath  unopened  at  the  bottom. 
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incision  through  the  muscle  sheath  and  disjilacenient  of  the  muscle;  or  a  skin 
incision  may  be  combined  with  blunt  intramuscular  separation.  It  often  becomes 
necessary  to  modify  the  incision  to  meet  immediate  requirements.  Thus,  a 
straight  incision  may  "be  converted  into  a  curved,  an  angular,  or  an  S-shaped  cut. 
Usually,  in  operating  upon  a  single  organ — as,  for  instance,  the  gall-bladder, 
the  appendix,  or  the  stomach — a  short  incision  is  sufficient;  but  unexpected 
conditions  may  require  it  to  be  greatly  enlarged  or  supplemented  by  a  second,  or 
possilily  a  third,  incision.  A  second 
incision  is  to  be  preferred  to  the  length- 
ening, to  an  inordinate  degree,  of  the 
first  one,  which  increases  the  injury  to 
important  structures  besides  adding  to 
the  general  ^ital  depression.  Hence, 
in  dealing  with  the  biliary  passages,  in 
the  course  of  an  appendicectomy,  it  is 
better  to  make  a  second  incision  in  the 
upper  abdomen;  or,  under  the  same 
circumstances,  it  is  better  to  make 
another  opening,  median  or  lateral, 
through  which  to  attack  a  lesion  on 
the  opposite  side,  than  to  extend  the 
primar}^  incision  or  to  use  much  force 
in  retracting  its  edges. 

The  incision  may  be  vertical,  oblique, 
or  transverse;  and  it  may  be  made  in 
the  median  line  or  anywhere  along  the 
lateral  regions  of  the  abdominal  wall. 
The  vertical  incision  is  oftener  placed  in 
the  midline,  but  may  be  made  to  one 
side  of  this  line.  Lateral  vertical  inci- 
sions are  usually  employed  in  operations 
upon  the  duodenum,  stomach,  liver  and 
biliary  passages,  colon,  and  spleen.  All 
lateral  vertical  incisions  of  any  length 
sever  the  terminations  of  one  or  several 
motor  nerves.  A  vertical  incision  through  the  centre  or  outer  edge  of  the  rectr.s 
muscle  is  not  to  be  advised  ordinarily,  since  it  cuts  the  nerves  to  the  inner  half 
of  the  muscle  and  may  be  followed  by  muscle  atrophy  and  hernia.  Oblique  in- 
cisions are  preferable  in  entering  the  abdomen  in  the  lateral  regions,  especially 
when  they  are  associated  with  muscle  separation.  Such  incisions,  inclining 
somewhat  to  a  transverse  direction,  and  extending  from  above  downward 
and  forward,  more  closely  parallel  the  nerves  (intercostals,  ilio-hypogastric, 
ilio-inguinal)  which  lie  between  the  muscular  abdominal  planes. 

The  oblique  subcostal  incision  (which  corresponds  with  the  course  of  the  sev- 
enth and  eighth  intercostal  nerves)  is  practised  in  explorations  of  the  liver  and 


Fig.  55.  —  Intramuscular  Vertical  Incision 
tlirough  the  Right  Rectus  Muscle  above  the 
Umbilicus.  The  fibres  of  the  muscle  are  sepa- 
rated and  held  apart  by  retractors. 
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gall-ducts,  kidney,  and  spleen ;  the  oblique  ventral  incision  is  used  for  exploring 
the  csecuni  and  sigmoid,  and  for  ligating  the  common  iliac  artery:  the  oljlique 
inguinal  cut  may  be  made  above  or  below  Poupart's  ligament,  and  is  employed 
in  herniotomy,  in  operations  upon  the  cord,  round  ligaments,  etc.;  the  oblique 
lumbo-iliac  incision  has  in  view  nephrectomy,  complete  removal  of  the  ureter, 
and  extraction  of  a  ureteral  calculus;  and  the  oblique  lumbo-costal  incision  is 
the  one  adapted  for  operations  on  the  kidney.  Vischer's  lumbo-iliac  incision 
above  the  iliac  crest,  with  muscle  separation,  has  only  a  limited  application. 


Fig.  57. — Intramuscular  Oblique  Inguinal  Incision  (McBurney's  "Gridiron  oiDeration"  tor  Ap- 
pendicectomy).  The  skin  and  the  muscular  and  aponeurotic  laj'ers  are  drawn  apart  by  retractors;  the 
peritoneum  is  caught  with  clamps;   and  the  csecum  appears  at  the  bottom. 

Transverse  incisions  are  occasionally  resorted  to  by  some  surgeons.  Those 
severing  the  rectus  muscle  are  not  desirable,  although,  if  the  muscle  is  sutured, 
as  previously  mentioned,  hernia  rarely  develops.  A  transverse  incision  over  the 
appendix,  with  muscle  splitting,  as  employed  by  some  operators  (Davis  and 
others),  preserves  the  nerves  and  gives  ample  space.  Pean's  transverse  incision, 
which  extends  from  the  outer  edge  of  the  rectus  to  the  sacroluml)alis  and  is  use- 
ful for  kidney  work,  is  rather  more  damaging  to  structures  than  a  similarly 
located  oblique  cut.  Pfannensticl  enters  the  pelvis  through  an  inferior  abdominal 
section;  at  first,  he  makes  a  curved  transverse  superficial  cut,  and  then  a  deep 
vertical  musculo-aponeurotic  incision.  Kuestner's  transverse  suprapubic  in- 
cision is  advantageously  employed  for  the  operation  of  suspending  the  uteinis, 
and  for  approaching  the  bladder.  The  transverse  umbilical  incision  (Mayo)  is 
that  of  election  in  umbilical  hernia,  and  offers  especial  advantages  in  fat  women 
with  lax  abdomens. 

An  incision  in  the  median  line,  rather  centrally  located,  is  chosen  for  the 
majority  of  abdominal  sections,  because  it  affords  not  only  the  most  direct  route 
to  the  abdomino-pehdc  cavity,  but  for  the  reason  that  the  linea  alba  is  the  thinnest 
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area,  and  least  supplied  with  vessels,  of  the  parietes.  The  median  incision  may- 
be made  anywhere  in  the  linea  alba,  either  above  or  below  the  navel,  and  in 
long  incisions  it  either  passes  through  it  or  around  it. 

Through  the  median  sui^ra-uml^ilical  or  epigastric  incision  access  is  gained  to 
the  liver,  the  stomach,  the  pancreas,  and  some  portions  of  the  intestines.  In  this 
situation  the  linea  alba  is  broad  and  distinct,  being  often  quite  wide  where  intra- 
abdominal tension  has  been  great,  and  the  incision  can  therefore  be  boldly  made 
in  this  locahty.  But  care  should  be  exercised  not  to  cany  the  incision  too  close 
along  the  side  of  the  ensiform  cartilage,  lest  a  low^  fold  of  the  pleura  be  wounded 
or  the  anterior  mediastinum  opened.  The  act  of  respiration  in  the  male  is  more 
abdominal  than  thoracic,  and,  consequently,  the  anterior  abdominal  wall  is  less 
steady  than  it  is  in  the  female,  whose  respiration  is  more  thoracic.  This  is  a 
circumstance  of  some  importance  in  upper  abdomen  w^ork.  Under  ordinary 
circumstances  the  abdominal  parietes  are  quite  motionless. 

A  median  incision  below  the  umbilicus  is  available  in  operations  upon  the 
intestines,  appendix,  bladder,  and  pehdc  organs,  and  is  the  most  frecfuently 
practised  of  all  abdominal  incisions.  In  this  region  the  linea  alba  is  much  less 
sharply  defined,  on  account  of  the  approximation  of  the  recti,  and  a  median  in- 
cision is  apt  to  expose  the  inner  border  of  one  or  both  recti  muscles,  as  well  as  the 
pyramidales,  which  may  overlap  the  median  line  low  dowTi.  If  it  is  desirable 
to  identify  the  linea  alba,  this  can  be  exposed  by  a  small  oblique  cut  made  be- 
tween the  edges  of  the  recti.  Care  should  be  observed  in  carr}dng  the  incision  too 
near  the  symphysis  for  fear  of  w^ounding  the  bladder  or  opening  up  the  loose 
prevesical  fascia.  This  space  is  one  in  which  blood  and  infective  material  are 
apt  to  collect,  and  it  can  usually  be  avoided  by  observing  the  character  of  the 
fatty  areolar  tissue,  which  is  granular  in  appearance  and  is  pro\aded  with  vessels 
that  cross  the  median  line  in  greater  numbers  than  is  observed  in  the  preperitoneal 
fat  elsewhere.  A  moderately^  full  bladder  ma}^  be  its  own  safest  landmark 
(J.  C.  Monro),  and,  if  the  relations  are  carefully  observed,  it  often  aids  the  sur- 
geon greatly  in  recognizing  anatomical  outlines  in  certain  pehdc  operations. 

In  long  median  incisions  reaching  above  the  umbilicus,  it  is  the  usual  custom 
to  curve  the  incision  around  the  left  side  of  this  depression,  to  avoid  the  sus- 
pensory ligament  of  the  liver;  but  some  operators  cut  directly  through  it,  W'hile 
others  systematically  follow  the  practice  of  excising  it,  except  in  young  women. 
Where  the  incision  is  carried  through  the  umbilicus  the  tissues  should  be  split 
on  each  side  so  as  to  broaden  the  area  and  thus  strengthen  the  suture  line.  In 
enormously  fat  women  where  the  diagnosis  is  obscure,  it  has  been  suggested  to 
explore  the  abdominal  cavity  through  the  umbilical  ring,  as  at  this  spot  the  wall 
is  thiimest  and  the  liabilityrto  infection  or  to  the  occurrence  of  hernia  is  less  than  in 
other  parts  of  the  abdomen.  (Howard  Kelly.)  If  the  suspensory  ligament  is  cut, 
it  should  be  sutured  and  all  harm  thus  prevented.  There  is  little  or  no  preperi- 
toneal fat  around  the  umbilicus,  and  all  the  structures  are  united  or  fused  together, 
making  it  difficult  to  distinguish  the  peritoneum  by  separation.  This  state  of 
affairs  may  lead  the  inexperienced  operator  to  believe  that  adhesions  with  the 
vdscera  exist  and  that  perhaps  he  has  not,  after  all,  actually  made  an  opening  into- 
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the  peritoneal  cavity.  But  this  can  be  promptly  determined  by  the  ease  or  the 
difficulty  with  which  the  finger  can  be  swe})t  around  without  encountering  some 
obstacle. 

Kelly  states  that  he  has  employed  the  median  incision  through  the  linea  alba 
in  more  than  two  thousand  cases,  and  has  no  reason  to  distrust  it  on  the  ground 
that  the  union  is  less  firm  and  secure  than  where  the  incision  is  made  on  one 
side  of  this  line. 

When  a  secondary  section  is  made  it  is  better  not  to  carry  the  new  incision 
through  the  cicatrix  of  the  old  one,  in  order  to  avoid  possible  parieto-visceral 
adhesions  that  may  exist  at  the  site  of  the  former  opening. 

Length  of  the  Incision. — At  one  time  it  was  regarded  that  the  length  of  the 
incision  had  an  important  bearing  upon  the  operative  result.  It  is  now  under- 
stood that  this  applies  only  to  incisions  of  extraordinary  length,  which  may 
positively  increase  the  shock  of  the  operation.  It  is  the  rule,  therefore,  that  the 
incision  should  be  of  adequate  length  for  proper  and  easy  manipulation.  One  is 
often  tempted  to  make  the  incision  too  short  and  thus  interfere  both  with 
rapid  and  with  gentle  work,  and  also  with  the  proper  inspection  of  the  cavity. 
Much  injury  may  result  from  forcible  and  rough  handling  through  a  small  wound. 
On  the  other  hand,  a  too  long  incision  possesses  these  disadvantages:  It  allows 
the  intestines  to  bulge  at  the  upper  end,  to  the  embarrassment  of  the  surgeon, 
and  it  adds  to  the  risk  of  subsequent  hernia.  Long  incisions  through  muscle  or 
aponeurosis  should  always  be  condemned. 

An  incision  about  an  inch  and  a  half  long  (4  cm.)  is  considered  short,  and  is 
sufficient  for  ordinary  exploration.  The  average  incision  varies  from  three  to  five 
inches  (8  to  12  cm.)  in  length,  and,  when  it  is  more  extensive,  it  is  called  long. 
It  is  usually  a  correct  practice  to  make  a  short,  incision  first,  and  then,  after  the 
introduced  finger  has  ascertained  the  nature  and  extent  of  the  lesion,  to  extend  it 
to  any  length  demanded.  A  large  single  ovarian  cystoma  may  be  removed 
through  a  very  small  wound;  whereas  solid  growths,  extensive  adhesions,  and 
thick,  fat  abdominal  walls  (conditions  which  render  intra-abdominal  work 
difficult)  may  call  for  a  long  incision — one  that  often  extends  above  the 
umbilicus. 

Longer  incisions  are  necessary  in  intramuscular  separation  than  where  the 
muscles  are  divided.  Long  incisions  of  the  skin  and  fascia  are  comparatively 
harmless,  and  should  be  made  without  hesitation  where  free  exposure  is  required. 


CLOSURE   OF  THE   INCISION  AND  THE  CHOICE  OF 
SUTURE   MATERIAL. 

In  works  on  surgery  published  during  the  seventeenth  and  eighteenth  cen- 
turies there  are  to  be  found  excellent  and  clearly  described  directions  for  closing 
wounds  of  the  abdominal  walls — directions  which  are  as  creditable  as  those  given 
to-day.  However,  surgeons  are  not  yet  agreed  as  to  what  is  the  best  manner  of 
suturing  the  abdominal  incision  and  as  to  what  is  the  best  material  to  employ 
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for  the  sutures.  Every  operator  has  his  own  method  of  approximating  the 
edges  of  the  incision,  and,  as  a  matter  of  fact,  closure  of  the  incision  by  a  variety 
of  methods  gives  equally  satisfactory  results,  provided  accuracy  in  their  appli- 
cation is  observed.  •  Thus,  there  are  in  use  the  through-and-through  or  mass 
suture,  the  tier  or  layer  suture,  and  a  combination  of  the  two ;  and  these  are  ap- 
plied either  as  interrupted  or  as  continuous  stitches.  Both  absorbable  (catgut, 
kangaroo  tendon,  etc.)  and  non-absorbable  (silk,  linen,  metallic  threads,  silk- 
worm gut,  horse  hair)  suture  material  is  employed;  but  the  present  trustworthy 
processes  for  the  sterilization  of  catgut  has  made  possible  the  almost  general  ad- 
option of  this  absorbable  material  together  with  the  tier  method  of  using  it. 
The  continuous  suture  may  be  the  plain  or  the  whip-over  variety,  or  the  chain- 
stitch  suture  (Ford's),  or  the  figure-of-eight  removable-layer  suture  of  Fowler, 
and  the  subcuticular  or  intracuticular*  suture  (Halsted's)  for  the  cutaneous 
edges.  The  interrupted  stitches  may  be  the  plain  single-loop  stitch,  the  mattress 
suture,  and  the  figure-of-eight.  Different  forms  of  metal  clamps  or  fasteners 
for  the  skin,  to  obviate  needle  punctures,  were  introduced  by  Vidal,  but  the 
Michel  clamp  is  the  form  which  is  more  commonly  used  to-day. 

Through-and-Through  Suture. — The  through-and-through  interrupted  su- 
ture of  silkworm  gut  is  largely  relied  upon,  and  gives  excellent  results  in  the 
hands  of  many  surgeons.  The  advantages  claimed  for  this  suture  are  that  it 
permits  rapid  work,  that  it  holds  firmly,  that  it  enables  the  operator  to  avoid 
dead  spaces,  that  it  controls  oozing,  and,  lastly,  that  it  lessens  sepsis.  All  of  these 
are  weighty  points  in  its  favor,  and,  when  time  is  a  factor  of  prime  importance, 
this  method  should  unquestionably  be  used.  All  sorts  of  material  have  been  em- 
ployed for  through-and-through  sutures,  but  chromicized  catgut  and  silkw^orm 
gut  are  now  more  largely  used,  decided  preference  being  given  the  latter.  Silk- 
worm gut  is  preferred  because  bacteria  are  less  apt  to  adhere  to  its  surface  or  to 
penetrate  its  substance. 

Through-and-through  sutures  are  introduced  at  a  distance  of  from  one-fourth 
to  one-half  inch  from  the  edge  of  the  wound,  they  are  placed  about  half  an  inch 
apart,  and  they  include  the  entire  thickness  of  the  abdominal  wall  down  to,  and 
often  taking  in,  the  peritoneum.  When  all  the  sutures  are  placed,  the  free  ends 
are  gathered  together  and  drawn  up  so  as  to  ''set"  them  in  the  tissues,  and  care 
is  taken  to  secure  even  apposition  of  the  edges  of  the  wound.  After  these  pre- 
cautions have  been  taken,  the  sutures  are  tied  without  undue  tension.  The 
tying  may  begin  at  either  end  of  the  wound.  Superficial  skin  sutures  may  be 
placed  between  these  deep  sutures,  as~  circumstances  may  require.  If  there  is 
much  intra-abdominal  pressure  from  intestinal  distention,  it  is  better  to  tie  each 
suture  as  it  is  placed,  in  order  that  the  size  of  the  wound  may  be  quickly  dim- 
inished. Under  such  circumstances,  when  the  viscera  or  the  protective  sponge  or 
pad  is  forced  up  against  the  needle  point,  the  introduction  of  the  bowl  of  a 
spoon  to  receive  the  needle  aids  materially  the  insertion  of  the  sutures.  If  dis- 
tention is  marked,  relaxation  sutures  may  be  added. 

*  The  term  "intercuticular"  is  very  commonly  employed  by  surgical  writers,  but  "  intra- 
cuticular "  is  evidently  the  more  correct  expression. 
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Tier  Suture.  (Fig.  58.) — The  tier  or  layer  suture  for  closing  the  abdoininal 
wound  is  the  one  of  choice.  By  this  method  the  several  layers  of  the  abdominal 
wall  are  united  separately,  and  the  union  of  like  tissues  in  their  natural  order 
constitutes  an  ideal  method  of  procedure.  Furthermore,  hei-nia  undoubtedly 
occurs  less  frequently  since  this  manner  of  approximating  the  edges  of  the  wound 
has  been  adopted. 

The  tier  suture  may  include  as  many  as  four  layers  or  tiers.  For  example, 
the  first  set  of  sutures — continuous  or  interrupted  catgut  sutures — include  the 


Fig.  58. — This  Figure  Shows  the  Manner  of  Closing  the  Wound  by  the  Tier  or  Layer  Method  of 
Suturing.  The  peritoneum  and  fascia  are  held  by  a  chain  stitch,  the  muscle  and  its  sheath  by  a 
whipover  stitch.     A  subcuticular  stitch  is  employed  for  the  final  closure  of  the  wound. 

edges  of  the  peritoneum  alone,  or  of  the  peritoneum  and  transversalis  fascia 
combined.  The  second  set  of  sutures,  of  the  continuous  or  the  intermpted  type, 
and  consisting  of  heavy  chromicized  gut,  include  the  sheath  of  the  rectus  abdom- 
inis, the  transversalis  fascia,  the  subperitoneal  areolar  tissue,  and  the  margin  of 
the  rectus  (if  cut).  The  chief  support  is  furnished  by  this  second  set  of  sutures. 
The  third  set,  the  chief  purpose  of  which  is  to  obliterate  dead  spaces,  consists  of 
catgut  sutures  which  are  passed  through  the  subcutaneous  areolar  tissue  either 
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intciTii])t('(lly  or  as  a  single  eoiitinuous  conl.  The  last  set  of  sutures  are  couiposed 
of  catgut ,  and  tlu'}'  pass  cither  through  the  entire  thickness  of  the  sl<in  or  merely 
through  the  subcuticular  portion.  A  continuous  glover's  stitch  or  a  lock-stitch, 
of  either  catgut  or  horsehair,  may  be  substituted  for  the  latter,  or  the  Michel 
metallic  skin  clamps  may  be  used  instead,  but  none  of  these  possesses  any  superi- 
ority over  the  method  of  passing  the  sutures  through  the  subcuticular  tissues. 

The  tier  suture  may  include  only  three  layers.  First,  a  continuous  catgut 
suture  may  be  passed  through  the  peritoneum.  Second,  an  interrupted  cat- 
gut sutiu-e  may  be  made  to  include  the  subperitoneal  tissue,  the  transvei-salis 
fascia,  and  the  rectal  ajooneurosis  (or  the  recti  muscles).  Third,  an  interrupted 
suture  of  silkworm  gut  or  of  silk,  or  a  continuous  catgut  suture,  may  be  i)asscd 
through  the  subcutaneous  fascia  and  skin. 

Then,  again,  the  sutures  may  be  applied  in  onty  two  tiers.  According  to  this 
plan  a  continuous  catgut  suture  is  first  passed  through  the  peritoneum :  and  then 
an  interrupted  suture  of  silkworm  gut  includes  all  the  remaining  tissues. 

Finalh'.  the  abdominal  layers  may  be  sutured  separately  with  running 
removable  sutures  of  aluminum  bronze,  silver  wire,  or  silkworm  gut,  the  free  ends 
protruding  at  each  angle  of  the  incision — a  plan  which  affords  the  combined  ad- 
vantages of  the  tier  or  layer  suture  and  of  the  through-and-through  suture. 

Where  absorbable  sutures  are  used  to  unite  the  margins  of  the  aponeurotic 
layer,  and  especially  if  the  incisions  are  rather  long,  it  is  well  to  add  several 
tension  sutures  of  silkworm  gut.  These  sutures,  wliicli  are  passed  through  all 
the  tissues  down  to  the  peritoneum,  furnish  support  against  any  sudden  strain, 
such  as  occurs  in  vomiting  or  in  coughing,  and  they  are  also  desirable  because  the 
early  absorption  of  catgut  may  increase  the  tendency  to  hernia. 

It  may  be  remarked,  in  regard  to  the  use  of  catgut,  that,  when  great  tensile 
strength  is  needed,  it  is  safer  to  employ  doubled  strands  of  a  small  size  instead  of 
a  single  one  of  the  same  bulk,  since  infection  is  less  liable  to  occur  in  the  smaller 
strands.  It  should  be  remembered,  however,  that  infecting  agents  may  be 
harbored  between  the  strands. 

There  are  certain  considerations,  aside  from  the  method  of  suturing,  which 
should  govern  the  surgeon  in  closing  the  abdominal  wound.  For  example,  the 
several  layers  of  the  abdominal  wall  are  not  equally  resistant  to  infection,  and 
this  fact  should  be  given  due  weight  in  suturing  the  wound.  The  muscles  and 
aponeuroses  are  the  most  resistant,  and  next  in  order  comes  the  peritoneum: 
the  fatty  tissue  is  the  least  resistant,  o'^lng  to  its  scant}'  vascular  and  nerve 
supply. 

The  peritoneum  is  best  closed  by  a  continuous  suture  of  absorbable  material, 
so  applied  as  to  bring  broad  surfaces  in  contact  one  -with,  the  other,  to  cause  ever- 
sion  of  the  edges,  and  not  to  permit  a  raw  surface  to  face  inward  and  thus  favor  its 
forming  adhesions  with  one  of  the  adjacent  \iscera.  Allien  the  peritoneal  edges 
are  clean-cut  and  free  from  lacerations  such  adhesions  do  not  often  take  place,  and 
they  are  rarelj^  of  any  consequence  when  they  do  occur.  The  continuous  whip- 
over  or  the  lock-stitch  suture  is  preferable  to  interrupted  sutures  for  the  peri- 
toneum, since  it  gives  more  even  tension.     If  the  peritoneum  is  veiy  tense  and 
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not  very  resistant,  the  suture  is  liable  to  tear  out;  and,  in  this  event,  it  should 
be  strengthened  by  including  the  layer  of  tissue  above  it  in  the  suture,  thus  mak- 
ing one  layer  of  the  two. 

Transver.se  or  oblique  cuts  of  the  muscles  should  be  sutured  in  connection 
with  their  sheaths  or  fascise.  Muscles  that  are  separated  in  their  cleavage  line 
do  not  often  require  suturing,  but  when  it  is  found  necessary  it  should  be  done 
with  sutures  of  plain  catgut,  loosely  placed  so  as  not  to  favor  atrophy  of  the  mus- 
cle fibres.  The  sheath  is  then  stitched  separately.  There  is  no  particular  ad- 
vantage in  causing  the  edges  of  the  aponeurosis  to  overlap  except  in  umbilical 
or  ventral  hernias,  or  when  the  abdomen  is  lax  and  the  aponeurotic  layer  stretched 
and  thinned.  The  repair  of  aponeurosis  takes  place  as  easily  and  as  permanently 
at  the  cut  edges  as  it  does  in  the  case  of  any  other  tendon,  and  overlapping  is 
not  necessary  unless  special  firmness  is  desired  at  the  line  of  union. 

The  subcutaneous  fat,  if  thick,  should  be  sutured  by  a  loosely  placed  nmning 
suture  of  plain  catgut.  The  skin  should  not  be  pierced  by  the  needle  from  without 
inward  but  always  from  within  outward.  The  staphylococcus  epidermidis  albus 
has  its  natural  habitat  in  the  deeper  layers  of  the  corium,  and  the  passage  of  the 
needle  and  thread  from  the  outside  is  likely  to  carry  this  germ  to  the  subjacent 
tissues,  producing  infection  and  stitch  abscess.  AATien  possible,  it  is  always 
better  to  close  the  wound  in  the  skin  by  the  subcuticular  suture.  This  suture 
leaves  only  a  linear  scar,  and  no  stitch-hole  scars.  Strips  of  aseptic  adhesive 
plaster  may  be  used  vdth.  the  subcuticular  suture,  to  lessen  the  tendency  to 
stretching  of  the  cicatrix. 

In  old  and  feeble  indi\dduals  buried  silk  or  linen  sutures,  or  metalhc  threads, 
may  be  employed;  they  give  increased  strength  and  support  to  the  suture  line, 
and  thus  enable  the  patient  to  get  up  at  an  early  period. 

If  drainage  is  used,  the  wound  should  be  sutured  close  up  to  the  drain,  and 
then  through-and-through  pro\dsional  silkworm-gut  sutures  should  be  placed, 
but  not  tied  until  after  the  drain  has  been  removed. 

Sutures  should  not  be  drawn  so  tightly  as  to  constrict  the  tissues,  but  only 
to  the  point  of  snugly  approximating  the  edges  of  the  wound.  All  suture  knots 
should  be  drawn  to  one  side  of  the  line  of  incision.  Sutures  should  be  removed 
at  some  time  between  the  seventh  and  fifteenth  days. 

\Yound  hooks  or  hsemostats,  placed  at  each  angle  of  the  wound,  hold  the  edges 
tense  and  parallel  and  away  from  the  abdominal  contents,  and  they  prove  con- 
venient aids  in  the  suturing. 


POST-OPERATR'E   SEQUELAE. 

Adhesions. — It  may  be  stated  broadly  that  local  infection  is  the  most  potent 
cause  of  intraperitoneal  adhesions  following  abdominal  operations,  and  this  re- 
sult is  more  likely  to  take  place  when  drainage,  often  necessary  in  septic  cases, 
is  employed.  Drainage  alone,  without  the  presence  of  infection,  produces  ad- 
hesions through  the  irritation  which  the  drain  sets  up  in  adjacent  organs.     These 
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adhesions,  however,  may  disappear  after  the  lapse  of  a  moderate  length  of  time. 
^^'he^ever  there  are  large  areas  throughout  which  the  peritoneum  has  been  de- 
stroyed, we  may  exi)ect  that  dense  adhesions  will  form,  unless  by  means  of  sutures 
or  by  the  utilization  of  omental  grafts,  obliteration  of  such  areas  can  be  effected. 
But  there  are  certain  conditions — conditions  that  are  inseparably  connected 
with  the  surgical  teclmique — which  favor  the  foraiation  of  adhesions.  Among 
such  favoring  circumstances  may  be  mentioned:  prolonged  exposure  of  the 
peritoneum  to  the  effect  of  the  air,  rough  handling  or  sponging,  and  the  contact 
with  irritating  fluids.  Consequently,  the  operator  who  is  careful  in  his  methods 
and  yet  at  the  same  time  expeditious,  is  less  apt  to  have  troublesome  post-op- 
erative adhesions. 

There  have  been  suggested  a  number  of  measures  which,  it  was  believed, 
would  prevent  intraperitoneal  adliesions.  but  none  of  them  has  met  '^ith  the 
success  hoped  for.  For  example,  the  plan  of  covering  all  denuded  peritoneal 
surfaces  ■v\-ith  Cargile  membrane,  a  sterile  absorbable  animal  tissue  prepared 
from  the  peritoneum  of  the  ox,  seemed  to  be  bright  with  promise:  but  the  limited 
trial  to  which  it  has  been  subjected  has  not  proved  encouraging.  In  both  the 
animal  and  the  human  abdomen  Cargile  membrane  has  been  found  to  act  as  a 
foreign  body,  becoming  enveloped  in  omental  adhesions  and  producing  the  ver}^ 
conditions  which  it  was  intended  to  ob^'iate.  The  emplo}Tnent  of  sterile  oil. 
poured  into  the  peritoneal  canity  before  the  wound  was  closed,  has  been  used 
for  the  purpose  of  counteracting  adhesions,  and  the  recent  investigation  of 
Dr.  John  B.  Blake,  of  Boston,  seems  to  oft>r  encouragement  along  this  line. 
Blake's  conclusions  were,  that  the  presence  of  oil  in  the  peritoneal  sac  is  in- 
nocuous: that  it  remains  in  the  peritoneum  as  long  as  fifteen  days:  that  its 
presence  tends  to  prevent  early  and  direct  adhesions  of  denuded  and  inflamed 
peritoneal  suiiaces:  and.  therefore,  that  it  may  be  considered  as  moderately 
effective  in  preventing,  or.  at  any  rate,  diminishing,  post-operative  adhesions. 

The  plan  of  introducing  decinonnal  salt  solution,  or  salt  solution  with  ad- 
renahn  (Manuel),  into  the  peritoneal  ca\rit3'"  has  not  j^et  been  tried  sufficiently 
to  warrant  definite  conclusions. 

The  stimulation  of  intestinal  peristalsis  by  the  internal  administration  of 
salines,  and  especially  the  plan  of  stimulating  the  outpour  of  peritoneal  serum  by 
the  injection  of  large  quantities  of  fluid  into  the  intestinal  canal  by  way  of  the 
rectum,  are  measures  which  may  be  used  to  advantage  after  operation. 

Hernia. — One  of  the  most  distressing  sequelae  of  abdominal  section  is  ventral 
hernia,  and  there  is  no  technique  that  "^ill  positively  prevent  weakening  of  the 
parietes  and  subsequent  visceral  protiTision  at  the  line  of  incision.  Certain  facts, 
however,  have  been  definitely  ascertained  with  regard  to  post-operative  hernia, 
and  through  a  knowledge  of  these  the  surgeon  is  now  able  largely  to  control  this 
danger.  In  the  first  place,  it  is  known  that  heiTiia  more  frequenth'  results  after 
incisions  in  the  lower  than  after  incisions  in  the  upper  part  of  the  wall,  and 
more  frequently  after  incisions  in  the  anterior  than  after  those  in  the  posterior 
and  lateral  aspects  of  the  abdomen;  and  that  an  incision  through  the  linea  alba 
is  rarely  followed  by  hernia  if  it  be  accurately  sutured  and  if  primary-  healing 
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takes  place.  Fritsch  states  that  if  the  incision  is  prolonged  down  to  th(^  sym- 
physis and  is  permitted  to  divide  the  loose  prevesical  tissue,  the  intra-abdominal 
pressure  against  the  cicatrix  in  this  low  position  is  frequently  followed  by  the 
development  of  a  hernia.  Furthermore,  long  incisions  are  more  apt  than  short 
ones  to  develop  hernia,  and  yet  a  hernia  may  occur  through  a  veiy  short  incision. 
Hernia  may  follow  both  transverse  and  oblique  cuts  through  the  oblique  muscles, 
and  it  even  occasionally  occurs  where  the  muscular  fibres  are  bluntly  separated 
along  the  cleavage  line  and  afterward  sutured.  On  the  other  hand,  similar  in- 
cisions of  the  rectus  muscle  usually  heal  solidly  without  subsequent  disturbance. 
These  results  may  be  correctly  ascribed  to  division  of  motor  nerves,  causing 
muscle  atrophy  and  a  scar  which  yields  to  intra-abdominal  pressure ;  all  of  which 
facts  have  been  satisfactorily  demonstrated  by  the  experiments  and  clinical 
observations  made  by  Asmy. 

Another  fruitful  cause  of  hernia  is  found  in  improper  suturing  of  the  wound. 
Carelessly  and  imperfectly  placed  sutures,  by  any  method  of  closure,  may  lead 
to  hernia,  but  a  number  of  observers  have  shown  that  hernia  follows  closure  of 
the  wound  by  a  single  row  of  sutures  twice  as  often  as  when  suture  by 
layers  is  used  (or  in  the  proportion  of  twenty  to  thirty  per  cent  as  com- 
pared with  eight  to  nine  per  cent).  And  this  percentage  represents  strictly 
aseptic  imion. 

A  drained  wound  directly  predisposes  to  hernia.  When  this  event  occurs 
before  healing  is  complete,  an  attempt  should  be  made  to  close  the  wound  by 
secondary  suture  as  soon  as  active  inflammation  subsides. 

In  all  cases,  after  an  abdominal  section,  a  suitable  abdominal  support  should 
be  worn  for  several  weeks;  and  a  period  of  several  months  should  be  allowed 
to  pass,  if  possible,  before  heavy  or  straining  duties  are  resumed.  It  is  prob- 
able, however,  that  the;  average  aseptic  abdominal  scar  is  able  to  withstand  the 
ordinary  habits  of  life  after  a  lapse  of  from  six  to  eight  weeks. 


PRELIMINARY  TREATMENT. 

Examination  of  the  Patient. — Every  patient,  before  he  or  she  is  subjected  to 
an  abdominal  section,  should  be  examined  in  a  thorough  and  deliberate  manner. 
The  existence  of  albumin  and  casts  is  to  be  regarded  as  a  serious  matter;  and, 
in  the  presence  of  renal  changes,  an  elective  operation  should  be  postponed 
until  full  time  has  been  given  to  bettering  the  condition.  It  has  been  amply 
demonstrated  that  minor  kidney  changes — that  is,  a  small  percentage  of  albu- 
min and  a  few  hyaline  casts — exist  in  a  large  proportion  of  all  abdominal  cases, 
and  do  not  contra-indicate  operation;  further,  that  such  conditions  are  often 
caused  by  the  existing  lesion,  and  may  even  constitute  an  important  indication 
for  operation.  (Kelly.)  In  advanced  nephritis,  wdth  persistent  albuminuria  and 
epithelial  casts,  and  especially  if  associated  with  vascular  and  cardiac  changes 
(high  arterial  tension  and  cardiac  hypertrophy),  no  serious  operation  should 
be  undertaken  unless  imperatively  called  for.     Again,  a  small  quantity  of  al- 
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huinin  and  a  few  casts  become  of  greater  significance  if  there  is  a  marked  lessen- 
ing of  the  urea  output.  The  presence  of  pus  in  appreciable  amount  should  be 
regarded  with  suspicion  and  closely  investigated.  Sugar  in  small  quantities  may 
be  ignored;  but  true  diabetes  constitutes  a  positive  contra-indication  to  a  major 
abdominal  operation.  In  seventy  cases  with  saccharine  urine  operated  upon  by 
Noble,  there  was  a  mortality  of  from  twenty-four  to  twenty-eight  per  cent.  These 
facts  summarized  indicate  that,  where  an  anspsthetic  is  skilfully  administered 
in  renal  disease,  the  danger  of  urtpmia  is  not  great,  but  that  in  diabetes  the 
risk  of  coma  is  great. 

The  lowered  ^'itality  of  these  patients  produces  an  increased  tendency  to 
shock,  which  the  surgeon  should  reduce  to  a  minimum  by  rapid  work,  by  the 
avoidance  of  exposure  of  the  ^^scera,  by  the  application  of  bodily  heat,  and  by 
submammary  and  colonic  injections  of  normal  salt  solution. 

Cardiac  lesion  should  not  deter  the  surgeon  from  operating  unless  there 
is  pronounced  dilatation  with  inadequate  compensation.  But  in  all  these  cases 
the  heart  muscle  should  be  toned  up  by  digitalis,  strychnia,  and  strophanthus, 
combined  with  rest  in  bed,  for  some  time  before  surgical  intervention.  Care 
should  be  exercised  to  avoid  overstimulation  of  the  heart  both  before  and  after 
operation. 

Acute  pulmonaiy  disease  is  a  contra-indication  to  the  administration  of  an 
aniesthetic  and  to  operation;  but  tuberculosis  of  the  lungs  may  call  for  opera- 
tion to  enable  the  sufferer  to  enjoy  the  benefits  of  out-door  life  otherwise  not 
attainable. 

The  condition  of  the  blood  requires  due  consideration.  A  transient  leukaemia 
not  infrequently  constitutes  an  indication  for  operation;  but  a  pemianent 
leuksemic  state  positively  forbids  it.  Anaemic  subjects  are  always  bad  opera- 
tive cases,  and  should  receive  appropriate  preliminary  treatment  for  improving 
the  blood.  Some  surgeons  advise  against  the  administration  of  an  ana?sthetic 
when  the  haemoglobin  percentage  is  below  thirty;  but,  in  certain  cases  of  sepsis, 
uterine  tumor,  etc.,  an  abdominal  section  may  be  demanded  even  when  there  is 
a  much  lower  registration  of  haemoglobin. 

In  all  of  these  conditions  a  great  deal  depends  upon  the  anaesthetizer,  and 
the  patient  should  be  entrusted  only  to  one  skilled  in  su^h  administration. 

Preparation  of  the  Patient. — Every  abdominal  section  should  be  performed 
in  a  well-equipped  hospital,  and,  when  possible,  every  patient  upon  whom  it 
is  perfomied  should  receive  adequate  preparation  for  the  operation.  In  cases  of 
extreme  urgency — such,  for  example,  as  intra-abdominal  hemorrhage,  intestinal 
perforation,  acute  ileus,  or  appendicitis — no  time  should  be  wasted  in  prepara- 
tion, but  an  immediate  section  should  be  made. 

In  fomier  years  no  abdominal  section  was  considered  justifiable  imless  the 
patient  had  been  given  a  preliminaj\^  treatment  for  several  weeks.  Now  we 
appreciate  that  ordinarily  this  is  not  necessaiy,  and  that  the  indi\ddual  con- 
dition of  the  patient  is  the  proper  index  to  the  character  of  preparator}^ 
treatment  to  be  instituted.  Too  long  and  too  rigid  dieting,  together  with 
hypercathai*sis  and  the  mental  anxiety  which  comes  with  days  of  waiting  and 
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anticipation,  weakens  the  digestive  and  intestinal  functions,  begets  apprehension, 
and  defeats  the  purpose  in  view. 

In  emaciated,  ill-nourished,  ovenvorked,  and  chronically  ill  persons,  and  in  the 
feeble  and  aged,  the  preparatory  treatment  should,  when  advisable,  cover  a  period 
of  several  weeks,  and  should  comprise  rest,  nutritious  food,  and  tonic  medication. 
These  patients  manifest,  also,  a  greater  susceptibility  to  bacterial  invasion,  shock, 
and  exhaustion,  and  their  physical  resistance  should  be  brought  up  to  the  best 
possible  state  preliminary  to  operation.  The  very  opposite  condition  obtains  in 
nervous  or  excitable  individuals,  upon  whom  the  apprehension,  disturbed  sleep, 
and  other  nervous  disorders  incident  to  a  long  preparation,  are  positively  harm- 
ful.    These  subjects  should  be  operated  upon  with  the  least  delay. 

In  uncomplicated  cases,  where  the  patient  is  in  good  general  health,  the 
average  time  of  preparation  need  not  exceed  three  or  four  days;  and  some- 
times a  period  of  twenty-four  hours  is  sufficient.  This  preparation  consists  princi- 
pally in  stimulating  the  secretions,  and  particularly  in  giving  attention  to  the 
alimentary  tract.  Many  of  these  patients,  more  especially  women  suffering 
from  some  long-standing  disorder,  are  chronically  constipated.  The  colon  is 
packed  with  decomposing  fecal  masses  which  produce  a  condition  of  stercorsemia, 
and  the  evil  is  augmented  by  feeble  peristaltic  action,  often  associated  with 
gaseous  distention,  which  may  even  cause  such  extreme  tympany  as  to 
forbid  operation.  Consequently,  the  bowels  should  be  freely  evacuated  and 
regulated,  but  excessive  catharsis  is  irritational  and  should  be  scrupulously  avoided. 
A  good  plan  of  procedure  is  to  administer,  nightly,  a  pill  composed  of  strychnine, 
aloin,  and  podophyllin,  and  to  follow  «it  in  the  morning  by  salines  and  copious 
colon  flushings;  and  this  plan  should  be  pursued  for  several  successive  days  until 
the  intestinal  inertia  is  largely  overcome.  From  twelve  to  eighteen  hours 
before  operation  a  full  dose  of  castor  oil  or  of  sulphate  of  magnesia  should  be 
administered,  and  on  the  morning  of  the  day  of  the  operation  it  is  well  to  give 
in  addition  an  enema  composed  of  plain  soap  suds  and  turpentine,  when  not 
contra-indicated. 

The  diet  should  be  restricted  for  several  days  to  light  meats,  non-starchy 
vegetables,  eggs,  toast,  and  stale  bread,  and  this  regime  may  be  allowed  up  to 
the  evening  preceding  the  operation.  A  few  ounces  of  broth  or  clear  soup  should 
be  given  early  the  next  morning.  A  liquid  diet,  so  often  employed,  increases 
gas  formation,  and  is  not  to  be  recommended. 

The  kidney  function  must  be  kept  active  by  copious  draughts  of  pure  water, 
which  lessens  the  dangerous  complication  of  urinary  suppression  so  frequent  after 
the  administration  of  an  anaesthetic,  and  diminishes  post-operative  thirst. 

The  skin  stands  next  in  importance,  and  should  be  stimulated  by  baths  and 
friction,  in  order  that  its  eliminative  action  may  be  increased. 

Mouth  antisepsis  is  important,  and  especially  so  in  operations  involving  the 
stomach  and  upper  intestines.  Moynihan  states  that  focal  septic  conditions 
may  be  practically  eliminated  by  the  adoption  of  these  measures,  com- 
bined with  a  diet  of  sterile  food  and  repeated  gastric  lavage,  during  a  period 
of  several  days. 
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Disinfection  of  the  Abdomen. — The  surface  of  (he  alxlomcn  is  to  bo  rendered 

as  st(n'il('  as  possible,  but  elaborate  methods  consisting  of  soap  poultices,  moist 
bichloride  compresses,  and,  like  measures  are  unnecessary,  and  may  so  irritate 
the  skin  as  to  increase  the  danger  of  a  septic  surface. 

Early  in  (h(>  evening  of  the  day  preceding  the  operation  the  patient  is  given 
a  tub  bath  and  the  first  preparation  of  the  abdonu^n  is  mad(\  This  consists  in 
shaving  the  entire  abdomen  well  up  to  the  ribs  above  and  including  the  pubis 
below ;  scrubbing  the  skin  with  hot  water  and  gre(*n  soaj),  the  water  being  changed 
several  times;  and  paying  especial  attention  to  the  umbilicus,  ])ubic  eminence, 
and  inguinal  creases.  The  abdomen  is  then  mopped  with  alcohol,  next  with  a 
bichloride  solution  (1  :  1,000),  then  dried,  and  finally  covered  with  a  j)lain  dry 
sterile  gauz(^  and  cotton  protective  pad  and  bandage.  The  scrubbing  should  be 
made  with  gauzc^  sponges  and  not  with  a  stiff  brush,  which  irritates  and  I'ougheiis 
the  skin.  At  the  same  time  the  vagina  is  cleansed  and  douched  with  a  bichloride 
solution  (1  :  5,000),  and  lightly  packed  with  gauze.  This  preparation  pi'oduces 
a  sense  of  comfort  and"  does  not  interfere  with  a  restful  night,  which  is  of  para- 
mount importance.  The  same  steps  are  repeated  on  the  following  morning. 
After  the  patient  is  on  the  operating  table  a  third  prci)aration  is  made,  as  follows: 
First,  scrubbing  with  sponge,  soap,  and  water;  then  mopping  with  sulphuric 
ether  or  with  benzin,  and  afterward  with  alcohol  and  then  with  bichloi'idc^ 
solution  (1  :  1,000),  and  finally  with  sterile  salt  solution.  Where  the  sterilization 
is  doubtful,  it  is  well  to  apply  a  coat  of  tincture  of  iodine  to  the  navel,  and  also  to 
the  abdomen  along  the  incision  line.  The  iodine  is  subsequently  washed  off 
with  alcohol.     The  umbilicus  may  be  covered,  also,  with  a  collodion  seal. 

The  patient  is  catheterized,  or  better  still,  allowed  to  void  the  urine,  just  be- 
fore the  operation.  The  wearing  of  a  sterile  canton  flannel  gown  and  leggings 
is  a  protection  which  should  always  be  provided  for  the  feeble,  aged,  anfl 
very  young.  In  weak  and  exhausted  patients,  a  subcutaneous,  or  intravenous, 
injection  of  a  litre  of  normal  salt  solution  may  be  necessary. 

A  hypodermic  injection  of  morphia  {^  to  J-  grain)  and  atropia  {j^-^  grain)  a  , 
half-hour  before  commencing  the  inhalation  of  the  ether,  controls  the  mucous 
secretions  from  the  pharynx  and  respiratory  passages,  hastens  the  effect  of  the 
anassthetic,  and  quiets  an  exceedingly  nervous  patient. 


THE  ACTUAL  OPERATION. 

Operative  Technique  (Figs.  .59  and  60). — With  the  final  preparation  of  the 
field  of  operation  completed,  and  the  patient  on  the  table,  either  prone  or  in 
the  elevated  pelvis  position,  as  the  nature  of  the  operation  requires,  and  properly 
protected  by  sterile  sheets  and  towels,  the  surgeon  steadies  the  abdominal  wall 
with  the  thumb  and  fingers  of  one  hand  and  with  a  medium-sized  scalpel  divides 
the  skin  and  underlying  tissues  vertically,  or  otherwise,  as  required,  by  one 
bold  stroke,  down  to  the  aponeurosis.  If  the  fatty  areolar  layer  is  very  thick  it 
is  better  to  incise  it  by  a  succession  of  cuts.     Many  surgeons  now  protect  the 
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edges  of  the  skin  by  some  modification  of  Tuerck's  rubber  dam — which  has 
been  previously  sHt  to  correspond  with  the  cutaneous  incision— or  by  several 
thicknesses  of  sterile  gauze.  This  is  folded  over  the  edges  of  the  skin  and 
secured  on  each  side  (as  suggested  by  Hirst)  by  two  or  three  Michel's  metal 
skin  clamps,  which  hold  the  rubber  securely  in  place.  The  principle  of  pro- 
tecting the  other  tissues  against  the  incised  skin  is  important,  and  should 
be  generally   adopted.     In  this  way  the  white  bacillus  that  makes  its  home 


Fig.  59. — Median  Abdominal  Section.     All  the  tissues  have  been   divided   down   to    the   peri- 
toneum, which  is  being  opened  with  scissors. 

in  the  skin  is  prevented  from  infecting  either  the  subjacent  tissues  or 
the  extruded  intestines.  If  the  incision  is  made  in  the  median  line,  the 
aponeurosis  is  divided;  but,  if  the  incision  is  made  on  one  side  of  the  median 
line,  the  sheath  of  the  rectus  is  di\dded  instead,  and  the  muscle  is  then 
split  in  its  cleavage  line  by  the  handle  of  the  scalpel  or  by  the  index  fingers. 
In  both  cases  the  division  is  done  ^^•ith  a  second  knife.  All  clamped  vessels 
are  now  ligated  with  fine  chromicized  catgut,  which  is  safer  than  to  depend 
upon  forcipressure  and  crushing.  The  subperitoneal  layer  is  next  cut,  and  then 
the  peritoneum  is  caught  and  lifted  by  two  dissecting  or  clamp  forceps  and  in- 
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cised  between  them.  This  short  iK'ritoneal  cut  i)emiits  the  introduction  of  one 
or  two  fingers  into  the  cavity,  and,  upon  these  as  a  guide,  the  opening  is  en- 
Iarg(>d  to  the  full  length  of  the  incision  in  the  skin,  with  which  also  the  cut  that 
divides  all  the  layers  should  correspond.  The  cut  edges  of  the  peritoneum  are 
grasped  on  each  siiU^  \\-ith  f(M-ceps.  which  i)re\'ent  it  from  being  i)ushed  off  from 
its  attacliments  during  tlu^  subsecjuent  manipulation,  and  also  facilitate  the 
placing  of  the  sutures  later.  Due  care  is  observed  to  avoid  opening  the  prevesical 
space  or  wounding  the  blad- 
der. If  it  becomes  necessary 
to  prolong  the  incision,  this 
is  done  with  curved  scissors 
or  with  a  knife. 

The  edges  of  the  wound 
are  now  widely  retracted, 
and  the  operator  is  ready 
to  proceed  with  the  opera- 
tion which  he  has  in  \'iew. 
The  exposed  viscera  are  pro- 
tected by  large  flat  gauze 
swabs  moistened  with  hot 
normal  salt  solution,  which 
are  preferable  to  dry  ones  as 
being  less  likely  to  irritate 
the  delicate  peritoneum. 
The  same  technical  steps, 
modified  as  needed,  are  car- 
ried out  when  the  belly  of 
the  muscle  is  displaced  or 
when  intramuscular  sepa- 
ration is  the  procedure 
adopted.  When  the  opera- 
tor is  ready  to  close  the 
incision,  the  edges  of  the 
wound  are  carefully  cleansed 
of  blood  clots  and  other  contamination,  vdth  sterile  salt  solution,  and  the  under- 
hing  \'iscera  are  protected  by  a  moist  flat  sponge  or  gauze  pad  placed  within 
the  ca\dty.  Just  before  the  last  few  peritoneal  stitches  are  tightened  this  sponge 
or  pad  is  removed,  and  at  the  same  time  the  air  is  forced  out  by  pressing  on 
each  side  of  the  abdomen.  The  angles  of  the  wound  are  now  rendered  taut  by 
hooks  or  snap  forceps,  the  tenseness  of  the  tissues  facilitating  the  introduction 
of  the  sutures,  and  the  retracted  fascia  is  pulled  forward  by  clamp  forceps. 

The  layer  method  of  closure  is  always  to  be  used  when  possible.  The  first 
suture,  which  is  applied  to  the  edges  of  the  peritoneum,  is  a  continuous  overlap 
or  chain  stitch,  of  fine  chromicized  catgut.  The  second  one  is  either  an  inter- 
mpted.  a   continuous,  a  mattress,  or  a  figure-of-eight  suture,  of  fine  chromi- 


FiG.  60. — Median  Abdominal  Section.     The  peritoneiim 
di\'ided  and  the  cut  edges  grasped  with  clamps. 
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cized  catgut,  doubled.  It  includes  the  subperitoneal  tissue,  the  transversalis 
fascia,  the  sheath  of  the  rectus,  and  possibly  the  intervening  muscular  tissue. 
Next  comes  a  continuous  plain  catgut  suture  which  is  passed  through  the  subcuta- 
neous fat  and  which  is  intended  to  obliterate  dead  spaces.  The  last  suture  to  be 
applied,  one  of  plain  catgut,  passes  through  the  subcuticular  tissues.  If  the  in- 
cision is  a  long  one,  the  suture  line  is  strengthened  by  two  or  three  through-and- 
through  interrupted    silkworm-gut   sutures  passed   down  to    the   peritoneum; 

and,  if  drainage  is  employed,  one  or  two  provi- 
sional silkworm-gut  sutures  are  inserted  through 
the  entire  thickness  of  the  walls,  ready  for 
tightening  when  the  drain  is  removed. 

Dressing  the  Wound. —  After  the  wound  has 
been  closed  it  is  carefully  cleansed  first  with 
sterile  water  and  then  with  a  bichloride  solution 
(1 :  1,000)  or  with  sterihzed  alcohol,  and  finally 
dried.  It  is  then  covered  with  several  squares 
of  plain  sterile  gauze  which  extend  well  beyond 
the  limits  of  the  incision.  These  squares  are  held 
in  place  by  broad  strips  of  adhesive  plaster,  which 
also  afford  support  and  rest  to  the  wound.  Over 
this  an  abundant  thickness  of  sterilized  cotton, 
or  a  cotton  and  gauze  pad,  is  laid;  and  the 
whole  is  held  in  place  by  a  bandage  consisting  of 
the  ordinary  abdominal  binder  of  canton  flannel 
with  perineal  straps  (Fig.  61),  or  by  the  Scul- 
tetus  bandage  of  the  same  material,  with  the  strips  snugly  stitched  down. 
When  these  wrappings  become  soiled  a  fresh  bandage  is  promptly  applied ;  but, 
if  the  progress  of  the  case  is  uneventful,  the  dressing  need  not  be  removed  before 
the  eighth  or  tenth  day;  and  the  sutures,  if  non-absorbable,  may  be  allowed 
to  remain  undisturbed  until  the  twelfth  or  fifteenth  day. 

Halsted  and  others  apply  next  to  the  wound  a  leaf  of  silver  foil,  which  acts 
as  a  protective  and  mildly  antiseptic  covering,  but  seems  to  offer  no  special  ad- 
vantage. The  same  statement  applies  to  the  various  dusting  powders  of  boric 
acid,  aristol,  subiodide  of  bismuth,  etc.  The  so-called  cocoon  dressing,  consisting 
of  one  or  several  layers  of  gauze  pasted  down  with  sterilized  collodion,  furnishes 
a  valuable  occlusive  dressing,  and  is  especially  adapted  to  short  incisions.  Sev- 
eral layers  of  cotton  batting  are  placed  over  this,  and  the  whole  is  held  in  posi- 
tion by  the  usual  outside  bandage  for  abdominal  support.  All  dressings  can 
usually  be  dispensed  with  after  the  second  or  third  week. 

In  persons  with  fat  and  flabby  abdomens,  in  whom  the  lateral  drag  is  positive, 
the  abdomen  should  be  supported  by  adhesive  plaster  and  a  suitable  bandage 
for  five  or  six  weeks.  This  abdominal  support  should  also  be  employed  in  cases 
in  which  a  long  incision  has  been  made,  and  in  which  muscular  bellies  have  been 
cut  across  and  sutured.  Post-operative  abdominal  support  for  a  period  of  several 
months  is  not  usually  required ;   it  is  found  necessary  only  in  very  obese  women. 


Fig.  61. — Abdominal   Binder  with 
Perineal  Straps. 
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POST-OPERATIVE  CARE. 

General  Considerations.^ — In  the  majority  of  cases,  after  a  properly  conducted 
aseptic  abdominal  section,  the  post-operative  course  is  uneventful,  and  the 
patient  requires  simply  to  be  let  alone  and  allowed  to  recover.  Every  patient, 
with  few  exceptions,  suffers  from  certain  discomforts  following  etherization  and 
operation,  and  these  are  suffici(>ntly  met  by  bodily  and  mental  rest.  This  state- 
ment, however,  is  not  intended  to  convey  the  idea  that  the  patient  should  be 
confined  rigidly  to  one  position ;  on  the  contrary,  he  or  she  should  be  permitted 
a  reasonable  degree  of  latitude  as  regards  bodily  movements  and  change  of 
position.  Such  movement  relieves  pressure,  affords  rest  to  groups  of  muscles, 
lessens  nervous  irritability,  and,  by  bringing  the  different  respiratory  muscles 
into  action,  helps  more  especially  to  quicken  the  circulation  in  the  finer  radicles 
of  the  lungs  and  to  clear  out  the  smaller  bronchioles.  With  this  idea  in  view, 
Mikulicz  insists  that  his  abdominal  cases  shall  take  from  ten  to  twenty  deep 
inspirations  daily,  as  a  preventive  against  pneumonia. 

Position  in  Bed. — When  first  removed  from  the  operating  table  the  patient 
should  be  placed  on  the  back  in  a  bed  which  has  been  sufhciently  warmed  and 
otherwise  properly  prepared,  with  the  knees  slightly  flexed  over  a  bolster.  In  this 
position  the  patient  is  allowed  to  remain  for  an  hour  or  two  until  the  immediate 
effects  of  the  ana:^sthetic  have  somewhat  subsided.  The  patient  is  then  propped 
up  to  a  half-sitting  posture  by  pillows,  by  elevation  of  the  head  of  the  bed,  or  by 
similar  means,  and  the  maintenance  of  this  position  is  continued  for  several 
days.  This  posture  favors  intestinal  peristalsis,  lessens  nausea  and  vomiting, 
facilitates  peritoneal  drainage  toward  the  pelvis,  gives  greater  control  over  the 
respiratory  muscles,  and,  consequently,  diminishes  the  danger  of  post-operative 
pneumonia  and  pulmonary  hypostasis,  which  are  so  much  feared  in  the  feeble 
and  aged. 

Shock. — Shock  differs  in  degree  with  the  severity  of  the  abdominal  opera- 
tion, and  its  treatment  also  varies  with  the  intensity  of  the  depression.  The 
application  of  warmth  to  the  surface,  perfect  rest,  elevation  of  the  extremities, 
and  rectal  injections  of  hot  saline  solution  to  which  whiskey  has  been  added, 
usually  suffice  to  restore  circulatory  equilibrium  in  slight  degrees  of  shock. 
In  severe  cases  these  measures  should  be  supplemented  by  the  hypodermatic  use 
of  strychnine,  camphorated  oil,  adrenalin,  and  atropia,  and,  more  especially, 
by  submammary  hypodermoclysis,  or  by  intravenous  infusion  of  normal  salt 
solution  in  sufficient  quantity. 

Nausea  and  Vomiting. — The  nausea  and  vomiting  that  follow  the  administra- 
tion of  an  anaesthetic  in  abdominal  operations  vary  to  a  wide  extent,  being  in- 
fluenced by  the  amount  of  handling  of  the  viscera,  the  duration  of  the  operation, 
the  degree  of  infection  that  has  taken  place,  the  amount  of  intestinal  distention 
present,  the  manner  of  administering  the  anaesthetic,  and  the  temperament  of  the 
patient.  In  aseptic  cases,  however,  the  agent  which  is  more  at  fault  than  all  the 
others  is  the  an2esthetic,  and,  as  a  broad  statement,  it  may  be  said:  the  less  ether 
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the  less  nausea.  This  effect  largely  results  from  the  ether-laden  mucus  that  is 
swallowed,  and,  as  a  rule,  as  soon  as  the  stomach  empties  itself  of  this  irritant  the 
nausea  quickly  ceases.  It  is  a  good  plan,  therefore,  to  wash  out  the  stomach 
while  the  patient  is  still  in  the  operating  room,  or,  what  is  equally  efficient,  to 
allow  the  ingestion  of  a  tumblerful  of  water  as  soon  as  consciousness  is  sufficiently 
regained;  for,  in  most  cases,  this  is  promptly  rejected  and  brings  with  it  the 
irritating  gastric  contents.  The  usually  short  period  of  vomiting  and  coughing 
after  the  anaesthesia  serves  the  additional  purpose  of  causing  deep  respiratory 
efforts,  which  thus  dislodge  the  accumulated  mucus  in  the  deep  bronchial  recesses, 
and  thereby  lessen  the  tendency  to  lung  complications. 

In  these  mild  degrees  of  vomiting  no  treatment  is  necessary  beyond  rest  for 
the  stomach  and  otherwise  general  quietude.  Drug  treatment  has  but  little 
effect,  and  often  does  harm.  When  vomiting  persists  for  more  than  a  few  hours, 
it  is  usually  dependent  upon  intestinal  conditions,  and  these  are  in  most  cases 
promptly  remedied  by  free  bowel  movement  and  by  placing  the  patient  in  the 
Fowler  position,  which  favors  intestinal  drainage.  Where  the  vomiting  results 
from  reversed  peristalsis,  in  either  aseptic  or  septic  intestinal  paresis  or  in  acute 
gastric  dilatation,  repeated  lavage  of  the  stomach  is  our  chief  resource  and  the 
one  upon  which  we  can  depend  with  the  greatest  confidence. 

Hysterical  vomiting,  which  is  occasionally  encountered  (it  is  said  to  occur 
in  about  one  per  cent  of  abdominal  sections)  may  be  so  intense  and  persistent 
as  to  result  in  serious  exhaustion  and  even  fatal  collapse.  This  is  best  overcome 
by  full  doses  of  morphia  given  subcutaneously;  and  at  the  same  time  careful 
attention  should  be  given  to  the  wound,  so  as  to  ehminate  any  possible  source 
of  reflex  irritation  which  may  exist  there. 

Pain  and  Restlessness.— For  the  first  day  or  two  after  an  abdominal  section 
there  is  naturally  a  moderate  degree  of  pain,  but  in  uncompHcated  cases  this  is 
not  specially  severe,  and  the  patient  should  be  urged  to  bear  it  without  the  aid 
of  any  of  the  pain-relieving  drugs.  Abdominal  pains  or  tormina  are  usually 
caused  by  the  accumulation  of  gas  in  the  intestines,  and  they  are  often  relieved 
by  enema  which  causes  the  gas  to  escape.  Pain  in  the  back,  so  frequently  com- 
plained of,  is  the  result  partly  of  the  ether  and  partly  of  the  muscular  strain  ex- 
perienced by  the  patient  while  on  the  operating  table;  and  change  of  position 
from  side  to  side,  with  rubbing,  is  often  sufficient  to  render  it  tolerable.  If  these 
simple  measures  are  not  sufficient,  then  moderate  doses  of  aspirin  (eight  or  ten 
grains),  or  of  some  similar  non-depressing  analgesic,  \vill  usually  alleviate 
the  pain.  In  other  cases  where  intense  nervousness  is  a  decided  feature, 
the  use  of  opium  in  some  form  becomes  imperative.  Opium  and  its  deriva- 
tives mask  important  symptoms,  diminish  intestinal  peristalsis,  and  increase 
distention  of  the  bowels,  and  therefore  they  should  be  avoided  except  in  ur- 
gent cases.  Under  such  circumstances  a  single  dose  of  half  a  grain  of  phosphate 
of  codeine,  or  from  one-eighth  to  one-fourth  grain  of  sulphate  of  morphia, 
may  be  given  hypodermatically,  but  the  dose  should  not  be  repeated  unless 
urgently  required. 

Sleeplessness  and  restlessness  are  usual  for  the  first  night  or  two,  and  they 
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generally  subside  with  a  free  bowel  movement  and  the  resumption  of  food.  A 
full  dose  of  one  of  the  bromides,  either  alone  or  combined  with  chloral,  and  ad- 
ministered by  the  bowel,  is  often  adequate  to  secure  the  needed  sleep  and  nerve 
rest. 

Thirst. — Thirst  is  one  of  the  most  distressing  effects  of  the  administration 
of  an  antesthetic,  and  should  be  satisfied  by  liberal  potations  of  water  as  soon  as 
the  stomach  will  tolerate  it.  Excessive  thirst,  however,  will  be  materially  lessened 
if  the  patient  has  drimk  freely  of  water  for  several  days  prior  to  operation. 
Thirst,  furthermore,  is  greatly  diminished  by  the  colon  enemas  of  decinormal 
salt  solution,  which  are  now  universally  employed  after  abdominal  section. 
The  enemas  should  be  commenced  before  the  patient  regains  consciousness,  and 
should  be  repeated  every  four  to  six  hours  for  the  first  day  or  two,  in  quantities 
of  from  eight  to  sixteen  ounces  or  more.  The  drop  method  should  be  em- 
ployed for  the  purpose.  In  this  method  the  flow  of  water  is  so  regulated  that 
absorption  by  the  intestinal  mucosa  takes  place  about  as  fast  as  the  fluid  is  de- 
livered. A  stop-cock  device  easily  accomplishes  this,  the  water  being  delivered, 
as  shown  by  Dr.  Bristowe,  at  the  rate  of  about  ninety  drops  to  the  minute. 

Water,  either  hot  or  cold,  plain  or  acidulated  with  lemon  juice,  should  be  given 
to  drink  in  ample  quantities,  as  soon  as  the  stomach  will  retain  it.  The  first 
cupful  will  probably  be  rejected  in  a  few  minutes.  It  sei'ves  to  wash  out  the 
stomach.  But  after  this  it  is  usually  retained  and  greatly  enhances  the  patient's 
comfort.  The  early  ingestion  of  water,  together  with  the  use  of  enemas  of  salt 
solution,  fills  the  blood-vessels,  increases  peritoneal  drainage,  and  hastens  the 
return  of  both  the  bowel  and  the  kidney  functions  to  a  normal  standard. 

Intestinal  Distention. — Meteorism  to  a  moderate  extent  occurs  ordinarily 
after  the  operation  of  opening  the  abdomen,  and,  if  the  patient  has  been  properly 
prepared  and  the  operation  aseptically  performed,  this  symptom  is  of  little 
moment  beyond  the  pain  and  discomfort  w^hich  it  occasions.  In  these  simple 
cases  an  enema  composed  of  turpentine,  glycerin,  and  salt  solution,  or  one  com- 
posed of  these  ingredients  with  asafetida  added,  is  usually  sufficient  to  expel  the 
gas  and  quiet  the  pain.     The  procedure  may  be  repeated,  if  necessary. 

When  the  distention,  however,  develops  rapidly  and  is  excessive,  this  symp- 
tom gives  occasion  for  serious  anxiety,  and  often  requires  most  active  measures 
for  its  relief.  Septic  paralysis  of  the  bowel,  and  non-septic  intestinal  paresis  due 
to  visceral  exposure  and  handling,  are  the  most  frequent  causes.  In  these 
conditions  the  expulsion  of  flatus  is  of  more  consequence  than  the  passage  of 
fecal  matter,  and  prompt  efforts  should  be  made  to  re-establish  peristalsis 
and  secure  evacuation  of  the  bowels.  To  this  end  stimulating  enemas  of  as- 
afetida, turpentine,  glycerin,  Epsom  salts,  and  castor  oil,  either  alone  or  in 
combination,  and  also  the  use  of  the  retained  rectal  tube,  are  the  measures  to  be 
chiefly  relied  upon.  A  strong  alum-water  enema,  an  ounce  to  the  pint,  is  often 
efficient  when  other  measures  fail.  Gerster  recommends  with  confidence  the 
employment  of  a  continuous  enema — that  is,  an  enema  in  which  the  fluid  is  de- 
livered high  up  in  the  bowel  and  is  kept  flowing  in  as  fast  as  it  is  expelled,  the 
tube  in  the  rectum  not  being  removed.     Peristalsis  is  further  stimulated  by 
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calomel  given  in  one-grain  doses  every  hour  or  two,  and  by  hypodermic  injections 
of  sulphate  of  eserine  (-gV  to  xL  grain),  together  with  small  quantities  of  ergot, 
strychnine,  and  atropine,  to  act  upon  the  unstriped  muscular  fibres  of  the  intestine. 
Gastric  lavage  is  of  decided  benefit.  If  these  measures  prove  ineffectual,  and 
there  is  reason  to  suspect  intestinal  obstruction,  the  wound  should  be  opened 
without  further  delay  and  the  obstructing  cause  sought  for  and  removed; — 
that  is,  if  the  condition  of  the  patient  will  admit  of  such  intervention.  "WTiere 
no  mechanical  cause  is  found  to  exist,  an  enterotomy  should  be  performed  and 
the  bowel  evacuated  of  its  contents.  This  may  necessitate  the  adoption  of 
Monk's  method — making  multiple  openings  in  the  intestine,  draining  several 
loops  of  the  intestine  successively  until  they  are  sufficiently  emptied,  and  then 
closing  the  incisions  by  suture.  In  septic  cases  this  may  be  supplemented  by 
lavage  of  the  intestine  with  saline  solution  through  the  enterotomy  incisions, 
as  also  advised  by  Monk  and  others.  Under  some  circum.stances  it  may  be 
advisable,  after  the  intestine  has  been  opened,  to  attach  it  to  the  abdominal  wall, 
for  continued  drainage. 

Acute  dilatation  of  the  stomach  may  simulate  acute  intestinal  tympany, 
but  this  condition  is  recognized  by  failure  to  secure  relief  notwithstanding  the 
free  discharge  of  flatus  and  bowel  contents.  In  a  case  of  this  nature,  repeated 
gastric  lavage  is  our  chief  reliance,  and  it  proves  to  be  often  brilliantly 
effective. 

Bladder  and  Kidneys. — The  patient  should  be  urged  to  evacuate  the  bladder 
voluntarily,  and  the  catheter  should  not  be  passed  until  all  other  measures  have 
been  tried.  Retention  is  not  apt  to  take  place  if  the  first  urine  excreted  after 
operation  is  voided  without  the  aid  of  a  catheter.  If,  however,  overflow  occurs 
— which  condition  is  often  associated  with  frequent  micturition  of  small  quan- 
tities— retention  probably  exists,  and  the  catheter  must  then  be  resorted  to. 
Incomplete  evacuation  of  the  bladder  is  the  initial  step  toward  overdistention 
of  the  viscus,  and  this  condition  is  a  most  positive  cause  of  vesical  paralysis  and 
its  frequent  sequel — microbic  invasion.  Consequently,  in  the  use  of  the  catheter 
more  than  ordinary  care  should  be  taken  to  prevent  infection. 

Decrease  in  urinary  excretion  is  of  common  occurrence  after  operation,  and 
even  urinary  suppression  is  by  no  means  infrequent.  These  conditions  should 
be  combated  by  repeated  injections  of  normal  salt  solution,  both  into  the  bowel 
and  subcutaneously,  by  sweating,  by  the  application  of  dry  cups  over  the  kid- 
neys, and  by  the  administration  of  diuretics,  especially  theocin,  and  sparteine 
sulphate  in  large  doses  (two  or  three  grains  of  the  latter  drug  every  three  or  four 
hours),  as  advocated  by  McGuire. 

Bowel  Movement. — The  free  passage  of  flatus  and  the  early  occurrence  of  a 
movement  of  the  bowels,  in  a  patient  upon  whom  abdominal  section  has  been 
performed,  is  always  a  matter  of  satisfaction  to  the  surgeon,  but  there  are  often 
unnecessaiy  haste  and  anxiety  to  secure  these  results.  If  the  case  is  of  an  un- 
complicated nature,  and  if  the  patient  is  doing  well,  wdth  an  abdomen  free  from 
distention,  the  bowels  may  be  left  undisturbed  until  they  move  spontaneously, 
or,  at  any  rate,  until  three  or  more  days  have  elapsed.     Then  some  mild  cathar- 
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tic,  supplemented  by  an  enema  of  glycerin  and  water  alone — or  of  glycerin 
and  water  with  the  addition  of  asafetida — will  usually  accomplish  the  purpose. 

In  cases  in  which  sepsis  either  exists  or  is  suspected,  early  catharsis  should  be 
secured,  and  some  promptly'  acting  e\-acuant — such,  for  examj^le,  as  calomel, 
in  doses  of  from  one-half  to  one  grain,  every  hour  or  two,  until  several  grains 
have  been  taken — should  be  commenced  without  delay  after  the  operation. 
The  administration  of  the  calomel  should  be  followed  by  the  giving  of  sulphate 
of  magnesia  or  of  Rochelle  salts  in  suitable  quantity,  and  by  stimulating  enemas. 

The  patient's  position  in  bed,  with  the  tmnk  elevated,  as  now  generally  ad- 
opted, increases  intestinal  drainage  and  hastens  the  timely  action  of  the  bowels. 

Nourishment. — Except  in  cases  in  which  there  is  much  exhaustion  it  is  the 
custom  to  withhold  food  until  there  is  a  free  downward  expulsion  of  flatus  or 
until  the  bowels  move.  After  this  takes  place,  it  is  proper,  if  the  nausea  has 
ceased,  to  allow  concentrated  broths,  clear  soups,  egg  albumen,  and  soft  solids. 
If  the  irritability  of  the  stomach  continues,  nutrient  and  stimulating  enemata 
should  be  utilized.  The  objection  to  liquid  food  is  its  tendency  to  increase 
digestive  disturbance,  thus  producing  the  formation  of  gases  with  intestinal  dis- 
tention. The  return  to  sohd  food  .should  therefore  be  made  earlier  than  is  now^ 
customary.  The  Fowier  position  has  greatly  modified  feeding  after  abdominal 
operations,  and  permits  an  early  return  to  a  regular  and  more  varied  diet  than 
fomierly. 

Time  of  Getting  Up. — The  average  time  of  detention  in  bed  after  abdominal 
section  has  been  much  shortened  during  the  past  five  years,  but  is  still  influenced 
by  the  character  of  the  operation,  the  condition,  and  the  age  of  the  subject.  If 
the  incision  is  small  or  only  of  medium  length,  and  if  all  goes  well,  the  patient 
may  be  allowed  to  get  up  as  earh*  as  the  eighth  or  tenth  day — the  average  being 
about  fifteen  days;  but.  if  the  mcision  is  a  long  one.  and  if  the  operation  is  of  a 
serious  type,  it  is  ad\isable  to  prolong  the  stay  in  bed  through  the  third  week, 
or,  possibly  through  the  fourth  week.  Boldt  has  recently  urged  most  strongly 
the  getting  up  of  patients  as  early  as  from  six  to  twelve  hours  after  operation, 
even  in  septic  cases  and  in  major  operations,  and  he  claims  extravagant  advan- 
tages for  the  method.  He  supports  and  keeps  the  wound  at  rest  by  encasing 
the  abdomen  in  broad  bands  of  adhesive  plaster,  and  gets  the  patient  out  of  bed 
on  the  day  of  the  operation,  or,  at  latest,  on  the  following  day.  The  practice  is 
radical  and  has  gained  but  few  advocates,  and  there  is  good  reason  to  believe 
that  this  practice  has  been  attended  with  unfortunate  complications  related  to 
the  insecurity  of  the  borders  of  the  wound.  However,  it  is  important  that 
elderly  persons  be  gotten  up  as  early  as  circmustances  will  pemiit. 

It  is  well  to  have  the  patient  wear  some  fonn  of  properly  adjusted  elastic 
bandage,  as  a  precautionary  measure,  for  several  months  after  abdominal  sec- 
tion, although  many  surgeons  regard  such  support  as  of  questionable  usefulness. 
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I.  PERICARDIUM    AND   HEART. 

Anatomical  Considerations. 

The  structures  which  interest  the  surgeon  who  contemplates  an  intervention 
on  the  heart  or  pericardium,  may  be  arranged,  according  to  Terrier  and  Rey- 
mond,*  in  seven  layers: — (1)  The  skin  and  subcutaneous  tissue ;  (2)  a  muscular 
layer  comprising  the  inner  portion  of  the  pectoralis  major,  the  upper  extremity 
of  the  rectus  abdominis,  and  occasionally  the  inner  edge  of  the  pectoralis  minor; 
(3)  the  ribs,  costal  cartilages,  sternum,  and  intercostal  structures;  (4)  the 
triangularis  sterni  and  internal  mammary  vessels;  (5)  the  pleural  culs-de-sac,  the 
cellular  tissue  between  them  (anterior  mediastinum),  and  the  insertion  of  the 
diaphragm;  (6)  the  pericardium;  and  (7)  the  heart. 

1  and  2.     Layers  1  and  2  require  no  special  comment. 

3.  The  largest  portion  of  this  layer  is  occupied  by  the  second  piece  of  the 
sternum,  which  is  about  4  cm.  broad  and  from  5  to  7  mm.  thick,  its  posterior 
face  being  slightly  concave.  The  upper  costal  cartilages  slant  downward  and 
inward,  the  middle  ones  are  transverse,  and  the  lower  pass  upward  and  inward. 
The  length  of  the  costal  cartilages  grows  from  above  downward.  Thus,  the 
length  of  the  first  varies  from  2  to  3  cm .,  and  that  of  the  seventh,  from  12  to  15 
cm.  A  cartilaginous  bridge  unites  the  fifth  with  the  sixth,  and  a  similar  one 
the  sixth  with  the  seventh  costal  cartilages.  The  intercostal  spaces  diminish  in 
width  from  above  downward  and  from  without  inward.  The  fifth  interspace  mea- 
sures, at  the  border  of  the  sternum,  from  2  to  3  mm.  in  breadth,  and,  at  a  point  7 
cm.  from  the  sternum,  15  mm.  The  sixth  interspace,  at  the  chondrocostal  articu- 
lation, measures  from  1.5  to  2  cm.  in  width;  from  this  point  it  rapidly  narrows, 
and  throughout  a  distance  of  9  cm.,  measured  from  the  sternum,  it  is  filled  with 
cartilage  or  is  represented  by  a  mere  slit.  As  to  the  intercostal  structures,  we 
need  call  attention  only  to  the  absence  of  the  external  intercostal  muscles  in 
this  region  and  to  the  course  of  the  intercostal  vessels  along  the  superior  and 
inferior  borders  of  the  ribs. 

4.  The  internal  mammary  vessels  run  downward  between  the  costal  cartilages 
and  the  triangularis  sterni,  from  1  to  1.5  cm.  from  the  border  of  the  sternum  in 
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the  three  upper  interspaces,  and  from  1  to  2  cm.  from  the  sternum  in  the  fom'th, 
fifth,  and  sixth  interspaces.  (Dclorme  and  Mignon.)  The  triangularis  stcrni 
arises  from  the  posterior  face  of  the  xiphoid  and  tlie  lower  third  of  the  stca-num, 
and  is  inserted  by  digitations  into  the  anterior  extremities  of  the  third,  fomlh, 
fifth,  and  sixth  costal  cartilages,  occasionally,  however,  reaching  the  second  or 
even  the  first  rib. 

5.  According  to  Luschka  (Fig.  62)  the  line  of  reflection  for  each  plem-al  cul- 
de-sac  begins  above,  behind  the  sternoclavicular  articulation;  the  right  line 
runs  obliquely  downward  and  to  the  left;  the  left  line  is  almost  vertical.  At 
the  level  of  the  second  costal  carti- 
lage these  lines  meet  behind  the 
sternum,  at  a  point  where  the  right 
two-thirds  of  the  sternum  joins  the 
left  one-third.  From  here  they  de- 
scend vertically  very  close  together, 
being  united  by  tissue  which  forms 
a  ligament  between  the  sternum  and 
the  pericardium,  the  right  pleura 
lying  beneath  the  right  two-thirds  of 
the  sternum,  and  the  left  beneath 
the  left  one-third.  On  a  level  with 
the  fourth  cartilage  the  right  pleura 
turns  sharply  outward,  crosses  the 
border  of  the  sternum  about  2  cm. 
above  the  base  of  the  xiphoid  carti- 
lage, and  follows  the  seventh  costal 
cartilage  to  the  osseous  extremity  of 
the  eighth  rib.  The  left  pleura  at 
the  fourth  costal  cartilage  leaves  the 

border  of  the  sternum  in  the  fourth  interspace  and  crosses  beneath  the  fifth, 
sixth,  and  seventh  costal  cartilages,  so  that  at  a  level  with  the  seventh  costal 
cartilage  it  lies  3.5  cm.  from  the  border  of  the  sternum.  The  pericardium 
thus  presents  two  triangular  areas  uncovered  by  pleura :  the  superior  lies  behind 
the  manubrium,  with  the  apex  at  the  level  of  the  second  costal  cartilage,  and 
corresponds  to  the  situation  of  the  thymus  gland;  the  inferior  is  in  direct  contact 
with  the  under  surface  of  the  sternum  and  some  of  the  costal  cartilages.  The 
apex  of  the  latter  is  on  a  level  with  the  fourth  rib,  and  the  base  is  situated  at 
the  upper  extremity  of  the  ensiform.  For  the  purpose  of  obtaining  som3  defi- 
nite knowledge  with  regard  to  the  width  of  this  triangle,  we  made  eleven  observa- 
tions on  the  cadaver.  At  a  level  with  the  fifth  costal  cartilage  the  average 
width  was  from  4  to  5  cm. ;  but  that  the  space  is  very  variable  in  width  is  shown 
by  the  measurements,  it  being  8  cm.  in  one  case,  and  1  cm.  in  another.  In  the 
case  with  a  width  of  1  cm.,  the  edge  of  the  left  pleura  just  reached  the  border  of 
the  sternum.  In  two  other  cases,  in  which  the  widths  were  3  and  4  cm.,  respec- 
tively, the  left  pleura  reached  nearly  to  the  edge  of  the  sternum.     In  the  remain- 


FiG.  62. — Diagram  Showing  Average  Situation 
of  the  Pleural  Culs-de-Sac  and  Borders  of  the 
Lungs.  (1)  Cardiac  notch  of  left  lung;  (2)  Inferior 
interpleural  triangle.  Heavy  Une  represents  out^ 
line  of  lung;  doited  Une,  outUne  of  pleura.  (Ter- 
rier and  Reymond,  "Chirurgie  du  cceut  et  du 
p^ricarde,"  Paris,  1898.) 
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ing  cases  the  border  of  the  pleura  was  located  at  some  distance  from  the  sternum. 
The  right  pleura  in  every  instance  reached  beneath  the  sternum.  It  is  very 
rare  that  the  right  pleura  comes  from  beneath  the  sternum  above  the  seventh 
rib,  and  the  left  border  of  the  pleura  may  not  come  from  beneath  the  sternum 
until  the  sixth  rib  is  reached.  Therefore,  a  wound  of  the  heart  to  the  right  of 
the  sternum  will  almost  invariably  traverse  the  pleural  cavity,  while  wounds 
near  the  left  edge  of  the  sternum  may  or  may  not  traverse  the  pleura,  according 
to  the  disposition  of  the  left  border  of  the  pleura  in  the  individual.  The  only 
wounds  which  will  not  traverse  the  pleura  will  be  on  the  left  side  close  to  the 
sternal  border  and  below  the  fourth  interspace. 

Borders  of  the  Lungs. — ^The  right  lung  follows  very  closely  the  line  of  the 
right  pleura,  being  separated  from  this  reflection  a  distance  of  perhaps  1  cm. 
during  quiet  breathing,  but,  on  forced  inspiration,  the  lung  completely  fills  the 
pleural  cul-de-sac.  The  left  lung  also  follows  the  line  of  the  left  pleura  to  the 
fourth  sternochondral  articulation.  There  it  curves  outward  and  returns  to 
join  the  margins  of  its  cul-de-sac  on  a  level  with  the  sixth  cartilage.  This  cardiac 
notch  in  the  border  of  the  left  lung  corresponds  to  a  small  portion  of  the  fourth, 
the  internal  half  of  the  fifth,  and  the  inner  third  of  the  sixth  costal  cartilage, 
and  the  lung  terminates  below  in  a  tongue-shaped  process  which  overlies  the 
apex  of  the  heart. 

The  diaphragm  arises  from  the  posterior  surface  of  the  xiphoid  by  two 
fasciculi,  and  from  the  last  six  ribs  by  a  series  of 'processes  which  interdigitate 
with  those  of  the  transversalis  abdominalis.  Between  the  individual  xiphoid 
fasciculi,  and  also  between  these  fasciculi  and  the  chondral  insertion  of  the 
diaphragm,  there  exist  spaces  which  allow  the  cellular  tissue  of  the  thorax  to 
communicate  with  that  of  the  abdomen.  In  the  second  of  these  spaces — i.e., 
the  space  between  the  xiphoid  and  chondral  insertions, — the  peritoneum  and 
pericardium  are  practically  in  contact. 

6.  The  line  of  reflection  of  the  pericardium  is  irregular  and  covers  the  ascend- 
ing aorta  almost  to  the  innominate,  the  pulmonary  artery  to  its  bifurcation,  a 
small  part  of  the  vena  cava,  and  the  pulmonary  veins.  It  therefore  follows  that 
a  wound  of  these  vessels  can  give  rise  to  a  hsemopericardium  and  to  compression 
of  the  heart.  The  outline  of  the  pericardium  projected  on  the  anterior  thoracic 
wall  represents  a  truncated  triangle,  the  apex  of  which  corresponds  to  the  great 
vessels  of  the  base  of  the  heart,  on  a  level  with  the  middle  of  the  manubrium. 
The  base  of  the  triangle  represents  a  slightly  oblique  line  running  downward  and 
to  the  left.  This  line  commences  2  cm.  to  the  right  of  the  sternum  at  the  fifth 
costal  cartilage,  passes  through  the  base  of  the  xiphoid  cartilage,  and  ends  about 
8  cm.  to  the  left  of  the  sternum  in  the  fifth  interspace,  or  at  about  the  junction 
of  the  sixth  costal  cartilage  with  its  rib.  This  base  line  is  about  a  half  a  finger's 
breadth  below  that  of  the  heart,  and  the  space  between  these  lines  forms  a  cul- 
de-sac  where  pathological  liquids  can  collect  and  where  one  can  penetrate  the 
pericardium  without  wounding  the  heart.  (Delorme  and  Mignon.)  The  two  sides 
of  this  truncated  triangle  are  slightly  convex  outward,  the  right  passing  upward 
from  the  base  line,  from  1  to  2  cm.  to  the  right  of  the  sternum,  to  the  second 
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cartilage,  whore  it  })asses  behind  the  manubrium,  while  the  left  terminates  above, 
behind  the  first  chondrosternal  articulation.  The  pericardium  in  its  upper  part 
lies  from  3  to  5  cm.  behind  the  sternum;  in  its  lower  portion  it  is  not  more  than 
1  cm.  distant  from  the  posterior  surface  of  this  bone;.  The  left  border  is  m 
the  neighborhood  of  (3  or  7  cm.  from  the  skin,  through  which  distance  an  instru- 
ment must  travel  before  it  can  penetrate  the  sac.  Between  the  left  border  and 
the  costal  cartilages  the  cul-de-sac  of  the  left  pleura  and  also  the  border  of  the 
lung  are  found. 

7.  The  projection  of  the  heart  on  the  thorax  forms  a  fairly  regular  quadrilateral. 
(Fig.  63.)  The  superior  border  is  at  the  level  of  the  second  interspace,  running 
from  a  point  2  cm.  to  the  right  to  one  2  cm.  to  the  left  of  the  sternum.  The  in- 
ferior border  commences  on  the  right  side  at  the  sternal  articulation  of  the  fifth 
costal  cartilage,  slants  downward  toward  the  left,  being  slightly  convex  below,  to 
end  at  the  apex  of  the  heart,  i.e.,  about  8  cm.  from  the  median  line  and  almost 
over  the  chondrocostal  articulation  of  the  fifth  rib.  The  right  and  left  borders 
of  the  quadrilateral,  slightly  convex  outward,  unite  the  extremities  of  these  two 
lines.  The  greater  part  of  the  anterior  surface  of  the  heart  is  occupied  by  the  right 
ventricle;  hence  the  frequency  with  which  it  is  wounded-.  The  anterior  surface 
of  the  heart,  according  to  Jamain,  may  be  divided  into  two  regions :  (1)  that 
covered  by  the  sternum,  which  comprises  almost  the  whole  of  the  right  ventricle, 
the  right  auricle,  and  a  large  portion  of  the  left  auricle ;  and  (2)  the  chondrocostal 
region  situated  to  the  left  of  the 
sternum.  This  region,  which  is  nar- 
rower than  the  former  and  is  covered 
by  a  section  of  the  third,  fourth,  and 
fifth  left  costal  cartilages,  contains  the 
point  of  the  right  ventricle,  the  lower 
half  of  the  interventricular  line,  all  of 
the  left  ventricle  and  part  of  the  left 
auricle.  It  may  be  subdivided  into 
two — the  portion  which  is  covered  by 
the  lung,  comprising  the  left  auricle 
and  ventricle  and  the  left  half  of  the 
infundibulum,  and  that  which  remains 
free  from  lung  covering,  consisting  of 
the  apex  and  the  inferior  half  of  the 
interventricular  septum.  The  inter- 
ventricular line,  in  which  the  anterior 
coronary  vessels  are  found,  corresponds,  according  to  Poirier,  to  a  diagonal 
which  unites  the  superior  right  angle  to  the  inferior  left  angle  of  the  quadri- 
lateral. With  reference  to  the  spinal  column  the  heart  corresponds  with  the 
dorsal  vertebra  from  the  fifth  to  the  eighth  inclusive;  the  left  auricle  being 
nearer  the  spnal  column  than  any  other  portion  of  the  heart. 

Finally,  we  must  recall  the  fact  that  the  position  of  the  heart  is  normally 
modified  by  a  change  in  the  position  of  the  body,  by  ascent  and  descent  of  the 


Fig.  63. — Diagram  Showing  Projection  of  the 
Outline  of  the  Heart  on  tlie  Anterior  Thoracic 
Wall.  (Terrier  and  Resrmond,  "Chirurgie  du 
coeur  et  du  p^ricarde,"  Paris,  1898.) 
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diaphragm,  and  by  distention  of  the  stomach,  and  that  it  is  normally  higher  in 
infants  and  in  old  age. 

Pathological  Conditions  Modifying  the  Relations  of  the  Anterior 

Mediastinum. 

Pleural  adhesions  may  pull  either  cul-de-sac  farther  away  from  the  median 
line,  thus  increasing  the  space  through  which  the  heart  may  be  reached  without 
opening  the  pleural  cavity. 

A  pleural  effusion  or  a  pneumothorax  pushes  the  heart  toward  the  opposite 
side,  and  in  a  double  pleural  effusion  the  heart  is  pushed  away  from  the  thoracic 
wall.  The  influence  of  pulmonary  lesions  (emphysema  excepted)  upon  the 
interpleural  space  is  slight.  Emaciation  narrows  the  anterior  mediastinum ;  in 
sclerosis  it  is  hidden  behind  the  sternum  and  presents  parallel  borders.  Ab- 
dominal tumors,  effusions,  and  meteorism  elevate  the  diaphragm  and  conse- 
quently the  base  of  the  anterior  mediastinum.  Cardiac  hypertrophy  widens 
the  space  between  the  pleurse. 

The  effect  of  pericardial  effusions  on  the  width  of  the  interpleural  triangle 
has  given  rise  to  much  discussion  and  widely  divergent  opinions.  These  opin- 
ions, we  believe,  can  be  reconciled  if  one  takes  into  consideration  the  condition 
of  the  pleural  culs-de-sac.  If,  for  instance,  the  pleurse  are  normal,  a  large 
effusion  into  the  pericardium  may  widen,-  but  to  an  inappreciable  extent, 
the  anterior  mediastinum.  If  the  pleural  culs-de-sac  also  are  distended 
with  fluid  the  space  may  be  narrowed.  And,  finally,  if  the  inflammation  has 
spread  from  the  pericardium  to  the  pleurse  and  has  obliterated  the  culs-de-sac, 
the  area  through  which  the  surgeon  may  penetrate  without  causing  pneumo- 
thorax is  greatly  enlarged.  Pericardial  effusions  will  produce  different  effects 
upon  the  heart,  according  to  the  degree  of  rapidity  with  which  they  take  place. 
A  large  and  rapidly  occurring  hemorrhage  will  quickly  fill  the  pericardium, 
without,  however,  greatly  increasing  its  capacity;  and,  when  the  effusion  has 
attained  a  bulk  of  from  200  to  300  c.cm.,  the  pressure  will  be  so  great  as  to  stop 
the  heart.  In  effusions  which  come  on  very  gradually  the  pericardial  sac  will 
become  distended,  and  it  may  even  reach  a  capacity  of  three  litres.  The  position 
which  the  heart  may  occupy  in  the  pericardial  sac  also  mil  be  very  variable, 
depending  upon  whether  or  not  any  adhesions  are  present  which  bind  it 
to  the  pericardium.  A  number  of  authors  believe  that  the  heart,  suspended 
at  its  base  by  the  great  vessels,  stays  in  its  noraial  position  when  large 
collections  of  fluid  are  present  in  the  pericardium;  others  beUeve  that  it  is 
pushed  back  from  the  sternum;  and  still  others  that  it  is  crowded  nearer  the 
sternum.  Voinitch  has  shown,  in  the  cadaver,  by  injections  of  gelatin  into 
the  pericardium,  that  liquids  will  collect,  particularly  about  the  great  vessels  at 
the  base  of  the  heart,  when  the  body  is  recumbent,  but  that,  when  the  body  is 
in  a  sitting  posture,  gravity  will  draw  the  fluid  to  the  diaphragmatic  surface 
about  the  point  of  the  heart.  The  heart  remains  in  contact  with  the  anterior 
chest  wall  at  the  level  of  the  fifth  interspace  and  is  never  pushed  backward  by 
fluids;   for  which  reason  it  may  readily  be  wounded  bv  an  exploratory  needle. 
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Wounds  of  the  Pericardium. 

Wounds  of-  the  pericardium  without  injury  to  the  heart,  aside  from  those 
produced  by  the  surgeon  in  performing  paracentesis  or  pericardotomy,  are  rare. 
That  they  do  occur,  however,  has  been  conckisively  proved  at  autopsies  and  by 
exploratory  exposure  in  wounds  of  the  precordium.  Fischer  collected  51  cases. 
The  pericardium  has  been  punctured  by  needles,  lacerated  by  the  rough  ends 
of  fractured  ribs,  and  opened  by  stal>  and  gunshot-wounds.  Eichel  ("S3'stem 
of  Surg.,"  von  Bergmann,  Bruns,  ^Mikulicz)  was  able  to  find 27  cases  of  simple  gun- 
shot-wound of  the  pericardium  in  the  literature,  4  of  ^^•hich  were  confinned 
by  autopsy  and  4  by  operation.     In  most  instances  the  pleura  also  is  injured. 

Syimptoms. — In  the  absence  of  hemorrhage  and  infection,  wounds  of  the 
pericardium  alone  cause  no  serious  symptoms.  Indeed,  it  is  probable  that  in 
a  number  of  instances  the  diagnosis  has  not  been  made,  owing  to  the  absence  of 
symptoms.  Haemopericardimii  may  result  from  injur}"  to  the  internal  mammary 
or  intercostal  vessels,  or  from  injur}-  to  the  lung.  In  Tassi's  case*  the  sac  was 
filled  with  blood  which  came  from  a  vessel  of  the  pericardium  itself.  The 
mimediate  danger  of  hsemopericardiimi  is  not  so  much  from  loss  of  blood,  which 
may,  however,  be  great  enough  to  cause  death,  but  from  compression  of  the 
heart,  the  symptoms  of  which  will  be  detailed  on  a  later  page.  Blood  in  the 
pericardium,  as  in  other  serous  cavities,  may  be  absorbed  without  causing  any  evil 
consequences,  if  the  amount  be  not  too  large,  or  it  may  result  in  embarrassing 
adhesions,  or  become  infected  and  give  rise  to  pyopericardiimi.  Infection,  with 
or  without  the  presence  of  blood  in  the  pericardium,  may  manifest  itself  immedi- 
ately after  the  injury  or  not  for  days  or  weeks.  In  one  of  our  cases  symptoms 
of  pericarditis  with,  effusion  did  not  arise  mitil  after  the  wound  in  the  peri- 
cardimii  had  healed,  von  Eiselberg  reports  a  case  in  which  a  punilent  pyoperi- 
carditis  developed  one  month  after  the  injury.  These  late  cases  bring  up  the 
possibility  of  infection  by  way  of  the  blood  stream.  Pneumopericardiimi  has 
followed  a  woimd  invohdng  the  lung  and  pericardium.     (Ewald  and  Happel.) 

Diagnosis. — Immediately  after  the  injury  the  diagnosis  may  be  made, 
provided  free  hemorrhage  occure,  by  signs  of  increasing  fluid  in  the  pericardium 
and  b}^  sjmiptoms  of  cardiac  compression,  or — if  the  external  wound  is  sufficiently 
large — by  direct  palpation  and  perhaps  by  inspection.  At  a  later  period  evi- 
dences of  pericarditis  may  arise.  In  the  absence  of  hemorrhage  and  infection 
the  diagnosis  may  be  impossible. 

Prognosis. — Of  the  51  cases  collected  by  Fischer  22  recovered.  Death  is 
due  to  hemorrhage,  to  compression  of  the  heart,  or  to  infection. 

Treatment. — ^Wounds  in  the  precordium,  not  associated  with  general 
symptoms  of  hemoiThage  or  '^dth  sjmiptoms  of  compression  of  the  heart,  should 
be  disinfected  superfcially  and  closed  with  sutures.  The  patient  should  then 
be  kept  quiet  and  carefully  watched.  In  the  presence  of  acute  anaemia  or 
haemopericardium  exploration  is  mandatory.    This  should  be  done  with  the  eye 

*  Terrier  et  Rejinond,  "Chirurgie  du  coeur  et  du  pericarde." 
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and  finger,  and  not  with  a  probe.  The  external  wound  should  be  enlarged  and 
the  ribs  and  intercostal  muscles  inspected.  Occasionally  a  knife  passes  thrrjugli 
a  costal  cartilage  without  injuring  the  intercostal  structures.  If  the  wound 
penetrates  the  thorax  it  should  be  enlarged,  with  or  without  resection  of  a  rib, 
according  to  circumstances,  and  the  pericardium  palpated  and  inspected.  If 
the  pericardium  is  uninjured  the  bleeding  may  proceed  from  the  internal  mam- 
mary or  intercostal  vessels  or  from  the  lung.  The  former  should  be  ligated 
and  the  latter  sutured.  Two  facts  should  be  emphasized  in  this  connection: 
— First,  that  the  wound  in  the  pericardium  may  be  small  and  easily  overlooked 
unless  a  careful  search  be  made;  and,  secondly,  that  the  heart  may  be. 
wounded  without  penetration  of  the  pericardium — an  accident  to  which  we 
.shall  have  occasion  to  refer  w^hen  discussing  wounds  of  the  heart.  If,  however, 
no  opening  is  found  in  the  pericardium  and  the  pericardium  is  not  distended 
with  blood,  the  exploratory  wound  should  be  closed,  provided  the  bleeding  has 
been  controlled,  or  drained  if  oozing  still  persists.  In  most  of  these  cases  the 
pleural  cavity  will  have  been  injured  and  a  ha^mothorax  will  be  present;  in 
which  event  a  second  opening  for  the  purpose  of  drainage  should  be  made  into 
the  lower  part  of  the  pleural  sac  posteriorly.  Should  a  wound  in  the  peri- 
cardium be  found  this  must  be  enlarged  and  the  heart  inspected.  If  the  heart  is 
not  wounded  the  pericardial  sac  may  be  emptied  of  clots  with  the  finger,  dried 
by  gentle  mopping  with  gauze,  and  closed  with  a  continuous  catgut  suture. 
Drainage,  we  believe,  is  contra-indicated  if  the  bleeding  has  been  controlled, 
because  of  the  danger  of  infection  and  adhesions.  The  objects  of  pericar- 
dotomy  immediately  after  the  accident  are  to  relieve  symptoms  of  cardiac 
compression,  to  control  hemorrhage,  to  remove  foreign  bodies,  and  to  deter- 
mine whether  or  not  the  heart  is  injured.  In  cases  which  are  at  first  treated 
expectantly,  but  in  which  signs  of  fluid  in  the  pericardium  with  embarrassed 
cardiac  action  appear  after  several  days,  an  exploratory  puncture  should 
be  made.  (Page  154.)  This,  of  course,  applies  also  to  those  cases  in  which 
the  pericardium  has  been  explored  and  sutured.  If  the  fluid  is  serum  or  blood 
the  needle  should  be  left  in  place  until  the  flow  ceases,  and  medical  treat- 
ment for  pericarditis  instituted.  If  the  fluid  is  bloody  and  small  in  amount, 
and  if  the  symptoms  are  not  relieved,  it  is  probable  that  the  heart  is  compressed 
by  clots,  which  can  be  removed  only  by  pericardotomy.  If  the  fluid  recovered 
is  purulent,  incision  and  drainage  of  the  pericardium  is  demanded.  (Page 
156.) 

Pericarditis. 

Etiology. — Pericarditis  following  a  wound  has  been  referred  to  in  the 
paragraphs  immediately  preceding.  Contusions  are  a  possible  but  rare  cause  of 
pericarditis.  In  most  instances  the  condition  is  secondary  to  infectious  diseases, 
such  as  rheumatism,  pneumonia,  empyema,  tuberculosis,  and  pysemia  or  sep- 
ticaemia. Inflammatory  affections  in  the  neighborhood  of  the  pericardium, 
either  in  the  thorax  or  in  the  abdomen,  are  also  responsible  for  a  certain  number 
of  cases.     Primary  pericarditis  is  exceedingly  rare. 
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Symptoms. — The  symptoms  arc  often  obscured  by  the  primary  affection,  and 
involvement  of  the  pericar(-i  A  ^aently  overlooked.     The  most  important 

symptoms  are  eoii^-h,  fever,  dyspncea,  delirium,  pain  and  tenderness  over  the 
heart,  and  pain  radiating  down  the  left  arm  or  into  the  epigastrium.  The  pulse 
is  small  and  weak,  and  occasionally  pulsus  paradoxus  is  present.  Leucocytosis 
is  generally  produced  by  the  disease  which  the  pericarditis  complicates,  but, 
with  involvement  of  the  pericardium,  the  degree  of  leucocytosis  is  usually  much 
increased.  At  the  onset  a  friction  sound  may  be  heard,  but  this  sound  dis- 
appears as  the  sac  fills  with  fluid.  The  presence  of  a  friction  sound,  however, 
does  not  exclude  pericardial  effusion.  The  most  important  signs  of  pericardial 
effusion  are  the  following:  increase  in  the  area  of  precordial  dulness,  which 
becomes  pear-shaped,  with  the  base  downward;  bulging  of  the  precordium; 
faint,  distant,  or  absent  cardiac  sounds;  occasionally  aphonia  and  dysphagia; 
change  in  the  right  border  of  cardiac  dulness,  which  becomes  convex ;  alteration 
of  the  cardio-hepatic  angle  from  a  right  to  an  obtuse  angle ;  dulness  extending 
up  to  the  second  interspace;  absence  of  the  apex  beat  or  displacement  of  the 
apex  beat  above  the  lower  boundary  of  dulness ;  dulness  in  the  fifth  right  inter- 
space close  to  the  sternum  (Rotch's  sign) ;  flatness,  with  marked  resistance  on 
percussion,  over  the  precordium;  an  area  of  dulness  with  bronchial  breathing 
near  the  angle  of  the  left  scapula  (Bamberger's  sign);  and  Ewart's  sign,  or 
separation  of  the  first  rib  from  the  clavicle  to  such  a  degree  that  the  former  may 
be  palpated  throughout  its  entire  length.  The  effusion  may  be  demonstrated 
also  by  the  2;- ray.  If  the  fluid  in  the  pericardium  is  pus  the  fever  may  become 
intemiittent  and  oedema  of  the  chest  wall  may  appear.  The  diagnosis  may 
be  confirmed  by  the  introduction  of  an  exploratory  needle.  The  conditions 
which  are  most  likely  to  be  confused  with  pericardial  effusion,  are  pneumonia, 
pleural  effusions,  and  dilatation  of  the  heart,  for  the  differential  diagnosis  of 
which  we  must  refer  the  reader  to  a  text-book  on  internal  medicine.  In  cases 
in  which  the  pain  is  referred  to  the  abdomen,  gastritis,  appendicitis,  cholecys- 
titis, perforation  of  the  bowel,  and  like  lesions  may  be  simulated.  Only  recently 
we  were  asked  to  see  a  case  of  pericarditis  with  the  idea  of  operating  for  a 
perforated  gastric  ulcer. 

Treatment. — The  treatment  of  pericarditis  falls  within  the  province  of  the 
physician,  and  it  is  only  when  the  sac  becomes  so  distended  with  fluid  as  to 
cause  serious  symptoms  that  surgical  intervention  is  indicated.  Since  the 
presence  of  pus  cannot  be  positively  foretold  without  exploratory  puncture,  we 
believe  that,  in  the  presence  of  a  pericardial  effusion,  the  sac  should  first  be 
tapped.  If  the  fluid  is  serous  no  further  operation  is  required.  If  pus  is  re- 
covered pericardotomy  should  be  performed  and  drainage  established. 

Operations  on  the  Pericardium. 

History. — ^According  to  Terrier  and  Reymond,  Riolan,  in  1648,  was  the 
first  to  advise  surgical  intervention  for  pericardial  effusions.  From  a  theoretical 
standpoint  he  suggested  trephining  the  sternum.     A  centuiy  later,  in  1749, 
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Senac  advocated  opening  the  pericardium  for  hydropcricardium.  About  the 
same  epoch  Yan  S\vieten  discussed  the  indications  for  this  operation.  Later, 
Benjamin  Bell,  Camper,  and  Arnemann  each  proposed  operative  procedures, 
which  no  one  put  into  practice,  and  it  was  not  until  1798  that  the  first  attempt 
to  open  the  pericardium  was  made.  In  this  year  Desault  opened,  by  an  incision 
between  the  sixth  and  seventh  ribs,  what  he  believed  to  be  the  pericardium,  but 
which  proved  to  be  an  encysted  pleurisy.  Larrey,  in  1829,  published  a  somewhat 
similar  case.  As  both  Desault 's  and  Larrey 's  patients  died,  pericardotomy  fell 
into  disrepute,  although  in  neither  was  the  pericardium  opened.  Romero,  of 
Barcelona,  was  really  the  first  actually  to  perform  pericardotomy.  In  1819  he 
published  three  cases  operated  upon  for  effusion,  two  of  which  were  successful. 
The  incision  was  made  between  the  fifth  and  sixth  ribs  of  the  left  side.  In  1827 
Jowett,  and  shortly  afterward  Skoda  and  Schuh,  each  reported  a  case  of  para- 
centesis of  the  pericardium.  In  1847  Karanaeff,  during  an  epidemic  of  scurvy 
in  Cronstadt,  treated  the  bloody  extravasations  into  the  pericardium  by  para- 
centesis, sometimes  obtaining  as  much  as  two  quarts  of  fluid,  and  he  secured  a  few 
recoveries.  From  this  time  on,  reports  of  cases  of  evacuation  of  the  contents  of 
the  pericardium  became  more  frequent.  Thus,  in  1861,  Guenther  collected  22 
cases,  and  in  1876  Roberts  41  cases.  Recently,  Delorme  and  Mignon  *  were  able 
to  assemble  100  cases,  82  of  which  were  punctures  and  18  pericardotomies. 

Paracentesis  Pericardii. — Ixdicatioxs.— Tapping  of  the  pericardium  has 
been  employed  for  serous,  for  hemorrhagic,  and  for  purulent  effusions. 

Serous  effusion  is  the  result  of  inflammatory  exudation  or  of  mechanical 
disturbances  of  the  circulation  leading  to  transudation  (hydropcricardium). 
The  former,  or  serous  pericarditis,  constitutes  the  chief  indication  for  aspiration, 
which  should  be  performed  early,  before  the  pericardium  is  greatly  thickened 
and  before  degenerative  changes  in  the  heart  occur,  thus  placing  the  membrane 
in  the  best  condition  for  repair.  It  must  be  recalled,  however,  that  pericarditis 
is  generally  secondary  and  that  the  primary  malady  greatly  influences  the 
prognosis.  Chronic  serous  pericarditis  is  generally  tuberculous,  and  little  but 
palliation  can  be  expected  from  paracentesis.  Hydropcricardium,  or  dropsy  of 
the  pericardium,  is  merely  a  symptom  of  kidney  or  cardiac  disease,  generally  the 
former,  and  corresponds  to  ascites  and  hydrothorax,  with  which  conditions  it 
is  generally  associated.  Tapping,  therefore,  cannot  be  curative,  but  may  be 
employed  to  prolong  life  and  render  the  patient  more  comfortable. 

Hemorrhagic  effusion  into  the  pericardium,  apart  from  wounds,  may  be 
caused  by  rupture  of  the  heart  or  by  bursting  of  an  aneurysm,  and  is  sometimes 
encountered  in  scurvy  and  in  the  pericarditis  associated  with  tuberculosis, 
cancer,  and  Bright's  disease.  Hsemopericardium  arising  immediately  after  a 
wound  demands  exploratory  pericardotomy  and  not  paracentesis.  At  a  later 
period  tapping  may  be  all  that  is  required,  although  even  then  pericardotomy 
may  be  necessary  to  remove  clots  if  the  symptoms  persist.  Traumatic  haemo- 
pericardium  has  already  been  referred  to  under  Wounds  of  the  Pericardium 
and  wiU  again  be  discussed  in  connection  -^dth  wounds  of  the  heart.  Hem- 
*Rev.  de  chir.,  1895,  pp.  797  and  987;    1896,  p,  56. 
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orrhagic  effusions  other  than  those  arising  from  trauma  and  scurvy  generally 
proceed  from  maladies  which  are  inevitably  fatal;  hence  the  relief  afforded  by 
tapping  is  usually  only  temporar3\ 

In  pyopericardium  pericardotomy  is  mandatory.  Pimcture  should  be  used, 
as  in  pleural  empyema,  for  diagnostic  purposes  only.  The  sole  exceptions  to 
this  rule  are  certain  cases  of  tuberculous  empyema  of  the  pericardium  and  cases 
in  which  the  general  condition  of  the  patient  is  so  bad  that  pericardotomy  would 
not  be  tolerated. 

Delorme  and  Mignon  have  collected  82  cases  of  aspiration  of  the  pericardium, 
with  28  recoveries. 

Technique. — Since  the  character,  and  indeed  even  the  presence,  of  the 
effusion  cannot  in  many  instances  be  deteraiined  mth  certainty  from  the  signs 
and  symptoms  alone,  the  first  step  is  always  exploratory  puncture.  For  this 
purpose  an  ordinary  hypodermic  syringe,  with  a  needle  one  inch  and  a  half  long, 
is  the  best  instrument.  Trocars  of  large  calibre,  although  possessing  obvious 
advantages,  are  too  dangerous.  Occlusion  of  a  slender  needle  with  a  plug  of 
muscle  or  other  tissue  practicall}-  never  occurs.  It  is  true,  however,  that  pus 
may  be  too  thick  to  be  evacuated  by  a  slender  needle,  but  seldom  will  the  needle 
fail  to  recover  a  few  drops  of  even  such  fluid,  which  is  all  that  is  needed  for 
diagnostic  purposes.  If  the  fluid  is  serous  or  bloody  an  aspirator  may  be  attached 
to  the  needle;  if  purulent,  pericardotomy  is  recjuired. 

The  point  at  which  the  pimcture  should  be  made  varies  widely,  according  to 
different  writei-s.     (Fig.  64.)     One  should  select  a  point  at  which  the  needle  is 
least  likely  to  injure  the  heart,  pleura,  lung,  perito- 
nemn,  and  internal  mammary  vessels.     It  maj^  be     O-w-.-'^^^^^ZlI^-^ 
stated    at    once    that    puncture    should    never  be     s.       ^'Jl\J^\s^ 
made  at  a  point  where  friction  sounds  are  heard  or     f— \     'irzx^^^^^'''''^y\.  PS. 
where  the  somids  of  the  heart  are  veiy  distinct.     Jj     ''r^--r'^!!^^^^^ 
Rotch,  Wilson,  and  others   advocate   puncture  to     "^      i^T^^^^^XTU' "^ 
the  right  of  the  sternmn.     On  the  left,  the  oper-     A       K>r~^^^^^^yAv3^ 
ation  has  been   perfomied   in  all    the    intercostal     /^       ^^^^r^^Z2^..n\.Z2 
spaces  from  the  third  to  the  seventh,   both  to  the     y  |    1  ^\,^_^^^^wi\ \"" '" 
inside  and  to  the  outside  of  the  internal  mammaiy  V     ^^x^"''^^  )] 

vessels.     Roberts  suggests  entering  the  pericardiimi  XNlJ^jii/ 

from  below,  by  puncturing  between  the  left  edge  of         ^^   64.— Diagram  showing' 
the  xiphoid  and    the    costal  margin.     From    our      Points  (1,2,3, 3\  4,  5)  at  which 

Puncture    of     the    Pericardium 

studies  in  the  anatomical  relations  of  the  parts  be-  has  been  Ad^ised.  (Terrier  and 
neath  the  precordiimi,  a  resume  of  which  will  be  ftXp^ri^arde/'Taris,  IsosT' 
found  in  the  opening  paragraphs  of  this  article,  we 

believe  that  the  safest  point  for  puncturing  the  pericardiimi  is  in  the  fifth  inter- 
space, close  to  the  left  edge  of  the  sternum.  In  this  position  there  is  the  smallest 
chance  of  penetrating  the  pleura,  and  the  internal  mammaiy  vessels  should  he 
well  to  the  outer  side.  If  no  fluid  is  withdrawn  and  there  is  no  e^ddence  of  pene- 
tration of  the  heart  by  motion  imparted  to  the  needle,  the  fourth  interspace 
should  be  tried.     If  this  also  fails  to  demonstrate  fluid,  a  point  in  the  same  inter- 
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space,  one  and  one-half  or  two  inches  from  t|ic  left  border  of  the  sternum,  should 
be  tried.  If  septic  material  is  not  found,  there  can  be  no  danger  of  infecting  the 
pleura  even  though  its  cavity  be  invaded.  If  pus  is  present  in  the  pericardium, 
the  overlying  pleural  layers  are  almost  certain  to  be  adherent ;  hence  the  needle 
may  pass  through  them  without  infecting  the  pleural  cavity.  The  needle  should 
be  pushed  backward  and  slightly  upward,  and  should  be  gradually  withdrawn 
as  the  pericardium  empties  itself,  in  order  to  avoid  injury  to  the  heart.  The 
depth  to  which  the  needle  should  be  pushed  varies  with  the  thickness  of  the 
thoracic  wall.  Fluid  has  been  obtained  at  depths  varying  from  2  to  G  cm. 
(f  in.  to  2|-  inches),  beyond  which  latter  depth  one  should  not  go.  We  speak 
of  puncture  in  the  fifth  interspace.  As  Voinitch  points  out,  if  one  penetrates 
to  a  depth  of  6  cm.  in  the  sixth  interspace  the  needle  would  pass  through  the 
diaphragm  and  perhaps  enter  the  liver,  stomach,  or  colon.  Terrier  advises  that 
the  needle  be  entered  cautiously  to  a  depth  of  2.5  cm.  (one  inch);  if  no  fluid 
is  obtained  the  patient  should  be  raised  to  the  sitting  posture,  thus  permitting 
the  fluid  to  accumulate  in  the  lower  portion  of  the  pericardium. 

The  injection  of  a  weak  solution  of  iodine  after  tapping  was  suggested  by 
Richerand  for  the  treatment  of  hydropericardium.  Aran,  in  1855,  is  said  to 
have  treated  successfully  a  case  of  tuberculous  pericarditis  in  this  way.  Malle, 
Moore,  and  Gooch  tried  the  same  procedure  without  success. 

Complications. — A  "dry  tap"  may  result  from  an  occluded  needle,  an 
incorrect  diagnosis,  or  a  too  superficial  puncture. 

Injury  of  the  internal  mammary  vessels  is  possible,  but  has  never  been 
reported. 

Puncture  of  the  pleura  occurs  frequently;  indeed,  in  many  cases  it  cannot 
be  avoided.  We  have  already  spoken  of  the  innocuity  of  this  accident  when 
the  puncture  is  made  with  a  fine  needle. 

Injury  to  the  lung  is  very  rare,  owing  to  the  cardiac  notch  and  the  displace- 
ment of  the  lung  by  the  distended  pericardium. 

The  entrance  of  air  into  the  pericardium  is  an  extremely  rare  occurrence  and 
need  give  no  cause  for  alarm. 

Puncture  of  the  heart  is  probably  more  frequent  than  statistics  lead  one  to 
believe.  The  right  ventricle  or  the  right  auricle  is  the  part  usually  injured. 
Generally  the  accident,  if  produced  by  a  fine  needle,  causes  no  ill  effects ;  indeed, 
in  some  cases,  it  has  been  followed  by  an  amelioration  of  the  symptoms.  Occa- 
sionally, however,  puncture  of  the  heart  is  followed  by  death,  either  immediately 
or  after  several  hours.  In  the  former  instance  death  is  probably  due  to  injury 
of  Kronecker's  co-ordination  centre.  Deaths  occurring  later  are  usually  due  to 
bleeding  into  the  pericardium.  Puncture  of  the  auricle  is  more  dangerous  than 
puncture  of  the  ventricle,  puncture  of  the  coronary  artery  more  dangerous  than 
either.  At  autopsy  one  may  find  the  pericardium  filled  with  blood  and  yet  be 
unable  to  discover  the  wound  in  the  heart. 

Pericardotomy. — Indications. — In  chronic  serous  pericarditis  which  fails 
to  respond  to  repeated  punctures  pericardotomy  should  be  considered,  although 
we  believe  that  it  will  very  rarely  be  justifiable  in  such  cases.     Traumatic 
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hsemopericarcliuiii,  \\ith  the  exception  noted  above,  always  demands  pericardot- 
oniy.  In  such  cases  the  operation  must  be  fitted  to  the  exigencies  of  the  case 
and  will  often  be  atypical.  We  shall  take  occasion  to  discuss  the  subject  more 
fully  under  ^^'o\ulds  of  the  Heart.  Haemopericardium  arising  from  causes  other 
than  trauma  will  rarely  require  pericardotomy;  in  these  cases  paracentesis  is 
the  operation  of  choice.  The  chief  indication  for  pericardotomy  is  purulent 
effusion.  Incision  and  drainage  are  as  important  here  as  in  empyema  of  the 
pleura. 

Whether  or  not  pericardotomy  should  be  preceded  by  resection  of  one  or 
more  costal  cartilages  depends  largely  on  the  condition  of  the  patient.  If  the 
patient  is  unable  to  withstand  a  general  anaesthetic,  excision  of  the  costal  carti- 
lages is  contra-indicated,  as  such  an  operation  cannot  be  done  without  considera- 
ble pain,  and  severe  pain  is  very  depressing  to  the  heart.  Incisions  for  exposing 
and  opening  the  pericardium  without  resecting  a  portion  of  the  thoracic  wall 
have  been  made  in  the  fourth  (Hilsmann),  fifth  (Romero),  and  sixth  (Desault) 
interspaces,  and  just  below  the  seventh  costal  cartilage,  the  knife  entering  the 
mediastinum  between  the  diaphragm  and  the  thoracic  wall.  (Larrey.)  We 
believe,  as  we  have  stated  elsewhere,  that  ''the  point  of  election  for  incision  is 
the  fourth  left  interspace,  beginning  one  inch  from  the  sternal  border  and  ex- 
tending to  the  normal  position  of  the  apex  beat  of  the  heart,  about  one  inch 
internal  to  the  anterior  mammary  line.  The  tissues  are  infiltrated  with  Schleich's 
fluid  and  the  incision  is  gradually  deepened.  When  the  pleura  is  adherent  it 
cannot  be  recognized;  but,  if  its  cavity  is  free  and  if  the  incision  has  been  care- 
fully deepened,  air  will  rush  in  as  soon  as  it  is  penetrated  and  before  the  peri- 
cardium has  been  opened.  When  pus  is  reached  it  is  allowed  to  flow  out  slowly 
for  fear  of  embarrassing  the  heart  by  the  sudden  relief  of  pressure.  A  rubber 
drainage  tube  is  inserted  and  an  ample  dressing  of  gauze  applied.  This  is 
sufficient  for  the  time  being,  and  the  question  of  flushing  the  pericardium  or  of 
resecting  the  costal  cartilages  may  be  put  off  until  the  physical  signs  show  that 
the  drainage  is  not  good  or  that  the  tube  is  plugged  with  membranous  lymph. 
Intercostal  incision  produces  no  shock.  It  is  the  simplest  procedure  in  grave 
cases ;  it  pemiits  a  more  extensive  operation  at  a  later  period  if  found  inefficient ; 
it  permits  the  recognition  of  non-adherent  pleural  surfaces  before  the  pericardium 
is  opened;  and,  in  the  majority  of  cases,  it  will  lead  to  a  cure  where  a  recovery 
is  possible  from  an  operative  procedure.  The  question  of  the  recovery  of  the 
patient  is  more  dependent  upon  the  cause  of  the  pyopericardiimi  and  the  patho- 
logical lesions  present  in  other  portions  of  the  body  than  upon  the  choice  of  an 
operative  procedure." 

Resection  of  a  portion  of  the  thoracic  wall  for  exposing  the  pericardiimi  has 
been  performed  in  several  ways.  Trephining  the  sternmn,  proposed  by  Riolan 
in  1648,  and  first  practised  by  Malle  in  1855,  seems  to  have  been  abandoned. 
OlHer  was  the  first  to  suggest  resection  of  a  costal  cartilage.  His  operation, 
which  is  shown  in  Fig.  65,  consists  in  making  an  incision  from  the  midline  of  the 
sternum  downward  and  outward  over  the  fifth  costal  cartilage  for  a  distance  of 
6  em.    The  cartilage  is  then  denuded,  separated  from  the  sternum  with  a  knife, 
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Fig.  65. — Diagram  Showing 
Location  of  Ollier's  Incision  for 
Pe^ica^dotomJ^  (Terrier  and 
RejTnond,  "Chirurgie  du  coeur 
et  du  p^ricarde,"  Paris,  18S3.) 


raised  from  its  bed  with  forceps,  and  its  outer  end  severed  with  forceps.  The 
operation  of  Delomie  and  Mignon  (Fig.  66)  is  as  follows:  A  vertical  incision  is 
made  1  cm.  (f  in.)  from  and  parallel  to  the  left  edge  of  the  sternum.  This  in- 
cision extends  from  the  superior  border  of  the  fourth  to  the  inferior  border  of 

the  seventh  cartilage.  A  transverse  incision  2  cm. 
long  runs  from  each  end  of  this  incision  toward 
the  patient's  left  side.  This  flap  is  elevated  and  the 
fifth  and  sixth  costal  cartilages  are  separately  re- 
sected, throughout  a  length  of  4  cm.,  by  first  sever- 
ing the  sternal  attachments,  then  lifting  the  car- 
tilage and  carefully  peeling  off  the  underlying 
structures,  and  finally  by  cutting  or  fracturing  the 
cartilage  near  the  outer  extremity.  The  intercostal 
muscles  and  perichondrium  are  next  incised  in  the 
Ime  of  the  original  incision  until  one  exposes  the 
triangularis  stemi,  which  is  then  separated  ^^^om 
the  sternum,  from  below  upward,  care  being  taken 
to  keep  close  to  the  bone.  The  finger  is  next 
passed  under  the  sternum,  at  the  level  of  the  fifth 
cartilage,  for  a  distance  of  2  or  3  cm.,  and  the  cellular  tissue  covering  the 
pericardium — together  with  the  pleura,  which  is  covered  with  fat  and  which 
should  not  be  exposed,  and  the  internal  mammary  vessels — is  pushed  outward. 
This  blunt  dissection  with  the  finger  is  continued  from  within  outward  and 
from  below  upward  until  the  white  pericardium  is  exposed  over  the  whole 
extent  of  the  wound.  Nomially,  this  manoeuvre  is  facihtated  by  the  loose 
attachment  of  the  pleura  to  the  pericardium  and 
by  the  finii  connections  which  exist  between  the 
pleura  and  the  triangularis  stemi.  The  pericar- 
dium is  opened  with  a  knife  at  its  lower  part  after 
it  has  been  elevated  with  forceps,  and  the  incision 
is  then  enlarged  from  below  upward  with  scissors. 
If  more  room  is  needed  the  fourth  costal  cartilage 
may  be  resected. 

Durand's  operation  is  a  combination  of  that  of 
Olher  and  that  of  Delorme   and  Mignon.     After 
the  fifth   costal   cartilage  has  been    resected,    as 
recommended   by  Oilier,   the    internal    mammary 
vessels  are  ligated  at  the  upper  and  lower  borders 
of   the   wound,    in   order  that  they  may  not  be 
wounded  during  the  operation  or  give  rise  to  sec- 
ondary hemorrhage  by  ulceration  at  a  later  period, 
placed  outward  as  in  the  Delorme-Mignon  operation, 
owing  to  inflammatory  adhesions, — and  such  is  frequently  the  case, 
gouges  away  a  portion  of  the  sternum. 

Voinitch-Sianojentzky,  from  studies  made  on  the  cadaver,  recommends  three 


Fig.  66. — Pericardotomy  ac- 
cording to  Delorme  and  ^Mignon. 
(Terrier  and  RejTnond,  "Chi- 
rurgie du  eceur  et  dupericarde," 
Paris,  1898.) 

The  pleura  is  then  dis- 
When  this  is  impossible, 
-Durand 
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different  operations,  according  to  the  amount  of  fluid  present.  Inasmuch  as  the 
amount  of  fluid  present  can  rarely  be  foretold  before  operation,  we  believe  that  it 
is  useless  to  describe  these  operations. 

If  excision  of  a  portion  of  the  thoracic  wall  becomes  necessary,  we  are  inclined 
to  think  that  the  chondroplastic  flap  suggested  by  Roberts  is  better  than  the 
removal  of  one  or  two  costal  cartilages.  The  Roberts  operation  consists  in 
making  a  trap-door  out  of  portions  of  the  fourth  and  fifth  costal  cartilages,  the 
soft  tissues  of  the  third  interspace  being  utiHzed  as  a  hinge  upon  which  the  door 
may  be  turned  upward.  An  incision  is  first  made  along  the  left  border  of  the 
sternum,  from  the  top  of  the  fourth  costal  cartilage  to  the  upper  border  of  the 
sixth  cartilage;  it  is  then  carried  outward  along  the  upper  border  of  the  sixth 
cartilage  for  a  distance  of  4  or  5  cm . ;  and  finally  it  is  extended  vertically  upward 
to  the  upper  border  of  the  fourth  rib.  With  a  thick-backed  scalpel  the  fourth 
and  fifth  cartilages  are  divided  in  the  plane  of  the  vertical  incisions,  the  line  of 
section  being  beveled  so  as  to  look  forward  at  an  angle  of  45  degrees.  Care 
should  be  taken  not  to  injure  the  pleura,  which  is  closely  attached  to  the  costal 
cartilages  at  the  outer  margin  of  the  flap.  After  the  intercostal  structures  have 
been  divided  in  the  plane  of  the  skin  incision,  the  chondroplastic  flap  is  raised 
from  below  upward,  the  underlying  structures  being  cautiously  separated  and 
the  triangularis  sterni,  which  is  incised  close  to  the  border  of  the  sternum  and 
therefore  within  the  line  of  the  internal  mammary  vessels,  is  exposed  to  view. 
With  a  finger  the  surgeon  then  pushes  the  muscle,  vessels,  and  pleura  outward, 
thus  exposing  the  shining  white  surface  of  the  pericardium.  The  pleura,  which 
often  has  considerable  fat  along  its  edge,  like  the  appendages  of  the  colon,  may 
not  be  seen,  because  it  is  pushed  out  of  the  way  without  having  the  overlying 
fatty  tissue  separated  from  it.  If  it  is  seen,  its  transparency  or  pinkish  color 
will  distinguish  it  from  the  white  and  more  opaque  pericardium.  The  peri- 
cardium is  incised  vertically  or  obliquely  between  the  sternal  border  and  the 
displaced  vessels  and  pleura.  The  drainage  tube  is  brought  to  the  surface 
through  the  fifth  intercostal  space,  and  the  lower  portion  of  the  flap  is  then 
properly  trimmed  and  restored  to  its  natural  position.  The  beveled  cai-tilages 
are  sutured  with  catgut. 

CardLolysis. — Cardiolysis  is  an  operation  for  liberating  an  adherent  heart. 
It  was  first  proposed  by  Brauer,  an  internist,  and  was  first  performed  by  Peterson 
and  Simon  in  1902.  As  the  result  of  chronic  mediastino-pericarditis  the  heart 
becomes  adherent  to  the  pericardiimi  and  the  pericardiiun  to  the  thoracic  wall, 
which  consequently  is  dragged  inward  with  each  systole,  thus  adding  enormously 
to  the  labors  of  the  heart  and  causing  dyspnoea,  ascites,  and  other  symptoms  of 
cardiac  insufficiency.  The  chief  signs  of  this  condition  are  systolic  retraction 
of  the  intercostal  spaces,  retractions  of  the  lower  lateral  and  lower  posterior 
portions  of  the  chest  (Broadbent's  sign),  diastolic  shock  or  rebound,  absence  of 
respiratory  movements  in  the  epigastrium,  pulsus  paradoxus  (Kussmaul's  sign), 
and  diastolic  collapse  of  the  cervical  veins  (Friedreich's  sign).  The  object  of 
the  operation  is,  not  to  destroy  the  adhesions  after  pericardotomy — a  procedure 
suggested  by  Delorme, — but  to  resect  the  unyielding  structures  (bone  and 
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cartilage)  of  that  portion  of  the  thoracic  wall  to  which  the  heart  is  adherent,  thus 
rendering  the  adhesions  harmless.  Generally,  resection  of  the  fourth,  fifth,  and 
sixth  costal  cartilages,  with  the  corresponding  ribs  as  far  as  the  niannnillary  line, 
suffices  to  relieve  the  symptoms.  A  portion  of  the  sternum,  as  in  two  of  Brauer's 
cases,  may  be  removed  if  found  necessary.  At  first,  great  emphasis  was  laid 
upon  the  importance  of  removing  all  the  periosteum,  in  order  to  prevent  the 
regeneration  of  bone .  The  removal  of  the  periosteum  on  the  under  surface  of 
the  rib,  however,  is  difficult  and  tedious,  and  may  lead  to  injury  of  the  heart 
or  may  cause  opening  of  the  pleural  cavity.  Koenig,  therefore,  recommends 
leaving  the  posterior  periosteum;  he  states  that  the  chances  of  a  regeneration 
sufficient  to  cause  trouble  are  slight  enough  to  be  disregarded.  In  support  of 
this  view  he  reports  a  case  in  which,  at  the  autopsy  two  and  a  half  years  after 
the  operation,  only  the  finest  traces  of  new  bone  were  in  evidence.  Cases  suitable 
for  operation  are  not  frequent.  The  heart  must  still  be  capable  of  recovering 
after  being  released  from  its  fetters.  Marked  systolic  retraction  of  the  chest  wall, 
indicating  a  vigorous  heart  muscle,  is  an  indication  for  operation.  When 
advanced  myocardial  changes  are  present  operation  is  useless.  The  operation 
has  been  done  thirteen  times  and  always  with  beneficial  results.  In  several 
instances  the  patients,  who  had  previously  been  incapacitated,  were  again  able 
to  earn  their  living. 

In  this  connection  we  may  mention  a  case  of  hypertrophy  of  the  heart 
(Morison,  Lancet,  April  24th,  1907)  in  which  portions  of  the  second  and  third 
costal  cartilages  two  inches  in  length,  were  resected,  in  order  to  give  the  heart 
more  room  and  prevent  pressure  on  the  surrounding  organs.  The  dyspnoea  and 
dysphagia  were  relieved. 

Wounds  of  the  Heart. 

History. — We  have  drawn  the  following  brief  account  of  the  history  of 
cardiac  wounds  from  an  article  already  published  by  one  of  us  in  the  American 
Journal  of  the  Medical  Sciences,  Sept.,  1904.  In  olden  times  a  wound  of  the 
heart  was  considered  synonymous  with  inevitable  and  immediate  death.  Elsberg 
tells  us  that,  prior  to  the  sixteenth  century,  Hippocrates,  Celsus,  Paul  of  ^Egina, 
Roland,  and  Lanfranc  all  mention  heart  wounds,  and  agree  that  they  are  in- 
variably fatal.  In  the  early  part  of  the  sixteenth  century  Fallopius  studied 
the  subject,  with  a  view  to  recognizing  the  cavity  injured,  and  Jacob  Hollerius 
made  the  assertion  that  a  wound  of  the  heart  was  not  necessarily  fatal.  Later 
in  the  century,  bullets,  arrow-heads,  and  other  foreign  bodies  were  found  in  the 
hearts  of  animals  which  had  continued  to  run  for  some  time  after  receiving  their 
death  wounds,  and  tales  were  told  of  men  who,  during  the  intoxication  of  battle, 
continued  to  fight  after  being  stabbed  through  the  heart.  Toward  the  end  of 
the  century  Ambroise  Pare  related  the  oft-quoted  case  of  the  Turin  gentleman 
who  received  a  rapier  thrust  below  the  left  nipple  during  a  duel,  and  who  made 
several  passes  and  pursued  his  slayer  two  hundred  paces  before  falling  to  the 
ground  a  corpse. 
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In  1642  J.  Wolf  gave  the  first  reliable  account  of  the  healing  of  a  wound  of 
the  heart.  j\Iorgagni  (1761)  stated  that  the  cause  of  death  in  many  cases  was 
coniprt\-;sion  of  the  heart  by  the  effused  blood,  a  theory  which  has  since  been 
converted  into  a  fact,  mainly  by  the  observations  of  Rose  and  the  experiments 
of  Cohnheim.  It  is  interesting  in  this  connection  to  recall  the  fact  that  Morgagni 
died  of  rupture  of  the  heart. 

Sherman  says  that  Desault  laid  down  the  rules  of  pericardotomy  for  empyema 
in  1798,  and  it  took  surgery  ninety-eight  years  to  pass  from  the  pericardium  to 
the  epicardium  across  a  space  that  is  such  only  potentially. 

Benjamin  Bell  (1783)  did  not  believe  that  healing  could  occur.  A.  Richter 
(1786)  considered  the  probe  dangerous,  and  insisted  upon  absolute  rest  and  free 
blood-letting.  Larrey  and  Dupuytren  laid  down  many  rules  for  treatment. 
During  the  seventeenth  and  eighteenth  centuries  there  were  published,  from 
time  to  time,  papers  which  described  cases  in  which  protracted  periods  intervened 
between  the  injury  and  dissolution. 

In  the  beginning  of  the  nineteenth  century  Jamain,  Zanetti,  and  others  wTote 
on  the  ^iability  of  patients  after  heart  wounds ;  but  it  was  not  until  1867,  when 
George  Fischer  published  Ms  classical  study  of  452  human  cardiac  wounds,  that 
a  firm  foundation  was  laid  for  the  evolution  of  the  surgery  of  the  heart.  Fischer 
clearly  established  the  fact  that  an  individual  might  exist  for  hours  or  even  days 
wdth  a  wounded  heart;  and  that,  indeed,  in  from  seven  to  ten  per  cent  of  the 
cases,  the  wound  heals  and  the  patient  actually  recovers.  Loison  and  011i\der 
collected  additional  cases  and  corroborated  the  findings  of  Fischer.  Ninni 
states  that,  according  to  the  statistics  of  Jamain,  Fischer,  Lantenelet,  and 
Zanetti,  death  is  instantaneous  in  eighteen  per  cent  of  the  cases.  In  729  cases 
collected  recently  by  Fischer, — cases  in  which  no  operation  was  done, — less  than 
sixteen  per  cent  sur\'ived. 

Up  to  the  closing  years  of  the  nineteenth  century  the  treatment  of  wounds 
of  the  heart  consisted  in  the  application  of  an  occlusive  dressing,  absolute  rest, 
ice  or  blisters  to  the  precordimn,  and  sedatives,  such  as  veratnun  viride,  digitalis, 
and  opium,  and  venesection.  Rose  advised  paracentesis  of  the  pericardium, 
or  pericardotomy,  to  relieve  compression  of  the  heart.  In  1881  John  B. 
Roberts  suggested  the  propriety  of  attempting  to  suture  a  wound  of  the 
heart.  Later,  Koenig  and  Delorme  voiced  the  same  opinion.  The  idea, 
however,  was  generally  regarded  as  the  wildest  fancy  of  ultra-enthusiasts. 
Billroth  declared  that  no  surgeon  w^ho  wished  to  preserve  the  respect  of  his 
colleagues  would  ever  attempt  to  suture  a  wound  of  the  heart.  Riedinger  (1884) 
considered  the  proposition  beneath  the  dignity  of  mention.  Tillmanns  was 
con^inced  of  the  hopelessness  of  surgery  when  confronted  wdth  a  bleeding  heart. 
That  the  heart  could  be  exposed  and  manipulated  has  been  demonstrated  by 
many  experimenters.  In  1894  Kronecker  and  Schmey  discovered  that  this  organ 
might  be  punctured  wdth  but  little  interference  with  its  action,  except  when  a 
spot  in  the  interventricular  septimi  (Kronecker's  coordination  centre)  was 
touched,  when  immediate  death  ensued.  In  1895  Rosenthal  essayed  to  treat  an 
experimental  wound  of  the  heart  by  direct  means ;  he  used  a  tampon  of  iodoform 
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gauze,  and  the  dog  survived.  During  the  same  year  Del  Vecchio  was  the  first  to 
suture  the  canine  heart  with  success.  In  1896  Salomoni,  and  in  1897  Bode,  suc- 
cessfully closed  wounds  of  animal  hearts  by  suture.  Since  then  there  have  been 
many  experimental  investigations  into  this  subject.  The  conclusions  of  Elsberg, 
which  may  be  taken  as  representative  of  the  findings  of  the  experimenters,  arc 
as  follows :— That  the  heart  can  be  grasped  with  the  hands  or  forceps  and  gently 
compressed  with  no  appreciable  difference  in  its  action,  and  that  it  can  be 
penetrated  with  a  needle  and  knife  without  producing  more  than  a  temporary 
irregularity  of  its  action;  that  penetrating  wounds  produced  during  systole 
bleed  more  than  those  produced  during  diastole;  that  oblique  w^ounds  bleed 
less  than  perpendicular  wounds;  that  wounds  of  the  right  ventricle  are  more 
dangerous  than  those  of  the  left,  because  the  wall  of  the  right  ventricle  is  thinner, 
and  also  because  the  blood  on  the  right  side  of  the  heart  coagulates  more  slowly; 
that,  owing  to  the  thinness  of  their  walls,  the  auricles  bleed  more  copiously  when 
wounded  than  the  ventricles;  that  wounds  of  the  heart  heal  kindly  and  that  the 
cicatrix  is  usually  complete  in  about  fourteen  days;  that  interrupted  sutures  are 
better  than  continuous  ones;  that  the  tissue  included  in  the  suture  always 
atrophies  and  is  replaced  by  scar;  that  a  smaller  number  of  muscular  fibres  are 
included  in  the  interrupted  than  in  the  continuous  suture,  thus  producing  less 
atrophy  and  less  scar  tissue;  that  superficial  sutures  are  less  likely  to  tear  out 
than  deep  ones;  and  that  the  sutures  should  be  inserted  and  tied  during  diastole, 
because  of  the  danger  of  their  tearing  out  if  tied  during  systole.  According  to 
Guibal,  bleeding  from  the  auricles  is  continuous  and  steady,  not  being  influenced 
by  the  movements  of  the  heart.  \¥hen  one  of  the  ventricles  is  wounded  there  is 
a  continuous  flow  of  blood  from  the  cardiac  muscle  and  a  systolic  jet  from  the 
ventricular  cavity.  Certain  experimenters,  however,  have  seen  large  wounds 
close  during  systole  and  bleed  during  diastole. 

After  the  road  had  been  paved  by  the  knowledge  that  patients  would  often 
live  long  enough  for  operative  interference,  and  that  the  heart  would  tolerate 
manipulation,  two  unsuccessful  attempts  were  made  in  1896  to  close  human 
cardiac  wounds  by  suture — one  by  Farina  and  one  by  Cappelen,  and  in  1897 
Rehn  published  the  flrst  successful  cardiorrhaphy  in  man.  Including  these  cases 
we  have  been  able  to  find,  up  to  June,  1909,  154  cases  with  the  surprisingly  high 
recovery  rate  of  over  forty-six  per  cent. 

Etiology  and  Pathology. — Aside  from  spontaneous  rupture  of  the  heart, 
due  to  disease  of  the  myocardium  or  coronary  artery,  neoplasms,  gummata, 
echinococci,  abscess,  aneurysm,  etc.,  which  accident  has  never  been  subjected 
to  surgical  treatment,  cardiac  wounds  are  the  result  of  contusion  or  are  pro- 
duced by  the  penetration  of  the  vulnerating  body. 

In  Loison's  collection  of  49  cases  of  wounds  the  result  of  contusion  or  of 
ruptures,  the  causes  were  distributed  as  follows :  13  followed  a  fall  from  a  height; 
7  resulted  from  the  kick  of  a  horse;  5  were  caused  by  a  fall  on  a  projecting  body; 
4  followed  a  blow  from  a  heavy  body  on  the  thorax;  3  were  due  to  a  blow  from 
a  wagon  pole;  3  resulted  from  a  blow  from  a  buffer;  2  were  caused  by  a  squeeze 
between  cars;   and  1  case  should  be  credited  to  each  of  the  following  causes — 
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being  trampled  uiulc^r  the  feet  of  a  cow,  a  blow  from  a  horse's  head,  a  blow  from 
a  man's  head,  a  blow  from  a  club,  a  blow  from  a  fist,  and  a  foot-ball  injury. 

"WTien  the  chest  is  crushed  the  heart  is  compressed  between  the  anterior  and 
posterior  walls  of  the  thorax,  and  the  blood,  which  cannot  escape  rapidly  enough 
by  the  vessels,  distends  the  walls  of  the  heart,  which  gives  way  at  the  weak- 
est portions,  namely  the  auricles,  the  laceration  sometimes  extending  into  the 
puhnonary  vein  or  the  vena3  cava?.  In  these  cases  the  chorda}  tcndinea?,  the 
valves,  or  the  septum  of  the  heart  may  be  torn.  More  often,  however,  the 
cardiac  wound  corresponds  to  the  point  of  contusion  on  the  wall  of  the  chest. 


Fig.  67. — Stab  Wound  of  Right  Ventricle.     Heart  ceased  beating  during  operation,  which  was 
performed  by  Dr.  Gibbon.    (Pennsylvania  Hospital  case.) 

A  fragment  of  sternum  or  rib  or  a  spent  ball  may  push  the  pericardium  inward 
and  wound  the  heart  without  tearing  the  pericardium. 

Penetrating  Wounds. — According  to  Loison,  10.3  per  cent  of  the  penetrating 
wounds  are  needle  punctures,  49.3  per  cent  gunshot  wounds,  and  40  per  cent 
the  result  of  puncturing  and  cutting  instrimients.  Of  the  154  cases  of  car- 
diorrhaphy  which  we  have  collected,  in  110  the  injury  w^as  a  stab  wound,  in 
21  a  gunshot  wound,  and  in  23  the  cause  w^as  not  stated.  Excepting  ruptures, 
punctures  of  the  heart  by  swallowed  foreign  bodies  (mostly  needles),  and  lacera- 
tions by  spicules  of  sternum  or  ribs  with  an  intact  skin,  all  of  which  are  very 
rare,  cardiac  wounds  are  always  associated  with  an  external  wound.  In  our 
collection  of  154  cases  the  external  wound  was  on  the  left  side,  between  the 
second  and  seventh  ribs  and  between  the  sternmn  and  axillary  line,  in  104;   in 
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the  left  midaxillaiy  line  in  2;  through  the  sternum  in  1;  to  the  right  of  the 
sternum  in  2;  in  the  upper  abdomen  in  6;  and  in  39  the  location  of  the  external 
wound  was  not  stated.  In  a  case  of  stab  wound  below  the  angle  of  the  left 
scapula  reported  by  Camaggio,  autopsy  revealed  a  wound  of  the  heart.  (See 
Fig.  67.) 

Complicating  Injuries. — Among  the  compHcating  injuries  wounds  of  the 
internal  mammary  or  intercostal  vessels  are  mentioned  in  several  cases.  In 
Loison's  statistics  injury  of  the  pleura  is  noted  in  45  per  cent  of  the  stab  wounds, 
injury  of  the  lung  in  almost  30  per  cent,  and  injury  of  the  diaphragm  in  about 
12  per  cent.  Of  110  cases  of  gunshot  wound  of  the  heart  there  were  78  with 
injury  of  the  pleura  (70  per  cent),  52  with  injury  of  the  lung  (47  per  cent),  and 
12  with  perforation  of  the  diaphragm,  with  or  without  injury  of  the  abdominal 
viscera  (almost  11  per  cent).  In  our  collection  of  cases  the  pleura  escaped  injury 
in  11  only  (less  than  8  per  cent) ;  injury  of  the  abdominal  viscera  was  mentioned 
in  at  least  3  cases. 

The  Situation  of  the  Cardiac  Wound. — ^The  situation  of  the  cardiac  wound  in 
our  cases  was  as  follows: — Left  ventricle  64,  with  33  recoveries;  right  ventricle 
65,  with  25  recoveries;  right  auricle  7,  with  4  recoveries;  left  auricle  2,  with  no 
recoveries;  apex  5,  with  2  recoveries;  left  ventricle  with  right  ventricle  1,  with 
death;  right  ventricle  with  right  auricle  1,  with  recovery;  left  auricle  with  right 
ventricle  1,  with  death;  and  8  unknown,  with  2  recoveries.  The  left  coronary 
artery  was  injured  in  4,  with  1  recovery;  the  interventricular  septum  in  2,  both 
dying;  and  the  tricuspid  valve  in  1,  with  death. 

Of  77  cases  of  cardiorrhaphy  the  wound  was  non-penetrating  in  33,  with  16 
deaths,  and  penetrating  in  44,  with  27  deaths.  (Tschemiachowski.)  Non- 
penetrating wounds  are  never  observed  in  the  auricles,  omng  to  the  thinness  of 
their  walls.  In  our  cases  the  largest  wound  was  7  cm.  in  length;  in  19  there 
were  2  wounds,  with  12  recoveries,  and  in  1  there  were  8  wounds,  with  death. 

Foreign  Bodies  in  the  Heart. — Guibal  *  gives  an  interesting  resume  of  this 
subject,  and  from  it  we  extract  the  following: — 

Needles,  according  to  Loison,  caused  death  in  60.8  per  cent  of  the  cases.  They 
are  frequently  found  in  the  hearts  of  mammalia,  and — a  long  time  after  attempts 
at  suicide — in  the  hearts  of  lunatics.  Huppert  found  a  needle  the  eye  of  which 
was  encysted  in  the  wall  of  the  left  ventricle,  and  which  passed  through  the  cavity 
of  the  ventricle  as  far  as  the  endocardium  of  the  opposite  side.  In  Peeke-Richard's 
case,  three  years  after  its  introduction,  the  needle,  which  had  been  well  encysted, 
caused  death  by  producing  an  ulceration  of  a  coronary  vessel,  as  the  result  of  the 
movements  of  the  heart.  In  Buchanan's  case  the  needle  perforated  a  bronchus 
and  caused  death  by  its  infection.  When  the  needle  is  fixed  in  the  thoracic  wall 
the  heart  may  wound  itself  at  each  contraction  by  hurling  itself  upon  the  point 
of  the  needle.  Larger  foreign  bodies  are  sometimes  tolerated  to  an  amazing  de- 
gree. Dupuytren  tells  of  a  man  who  worked  all  day  after  having  been  struck  in 
the  chest  during  a  duel.  He  died  the  following  night,  and  at  the  autopsy  a  frag- 
ment of  sword  five  inches  long  was  found  piercing  the  right  auricle.     Tillaux  cites 

*  Rev.  de  chir.,  March,  1905. 
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the  case  of  un  alien  who  introduced  an  iron  rod,  16  cm.  long,  in  the  region  of  the 
heart.  A  year  later  the  autopsy  showed  that  the  rod  had  perforated  the  anterior 
border  of  the  left  lung  and  the  wall  of  the  ventricles,  and  had  entered  the  right  lung. 
Picque  reports  a  case  in  which  a  ball  was  carried  in  the  pericardium  for  fifty-two 
years.  A  number  of  cases  have  been  observed  in  which  the  bullet  was  lodged  in  the 
walls  of  the  heart  and  there  rested  for  years  without  giving  trouble.  Much  rarer  are 
the  cases  in  which  a  foreign  body  lies  free  in  one  of  the  cavities  of  the  heart.  At 
autopsy  on  a  man  who  had  received  a  shot  wound  in  the  chest  two  months  before, 
Randall  and  Huspell  found  three  shots  in  the  cavity  of  the  right  ventricle  and 
two  in  the  corresponding  auricle.  Instead  of  remaining  in  the  heart  such  foreign 
bodies  may  be  projected  along  the  vessels  as  emboli,  either  with  or  against  the 
blood-current.  An  example  of  the  latter  is  furnished  by  Simmonds:  a  bullet,  which 
had  entered  the  right  ventricle,  was  found  at  autopsy  at  the  origin  of  the  iliac  vein. 

Symptoms. — A  wound  of  the  heart  left  to  itself  causes  death  or  heals 
spontaneously. 

Death  occurs  immediately  or  not  for  minutes,  hours,  or  even  days  or  weeks. 

Instantaneous  Death. — Instantaneous  death,  contrary  to  the  general  belief 
of  a  few  years  ago,  is  extremely  rare;  and  its  cause  is  disputed.  Injury  of  the 
centre  of  coordination  of  Kronecker  and  Schmey,  which  is  situated  in  the  anterior 
interventricular  groove,  at  the  junction  of  the  middle  with  the  inferior  third, 
is  said  by  these  investigators  to  result  in  immediate  death.  The  existence  of 
the  coordination  centre  of  Kronecker  and  Schmey  has  been  corroborated  by 
Gley  and  Mills,  but  Rodet,  Nicolas,  Elsberg,  and  others  were  unable  to  cause 
sudden  arrest  of  the  heart  by  punctures  or  incisions  at  any  point.  ''Heart 
block"  bas  been  observed  by  several  experimenters,  probably  as  the  result  of 
injury  to  the  bundle  of  His. 

Giiibal  explains  immediate  death,  in  wounds  of  the  heart,  by  reflex  action, 
the  nerve  excitation  being  transmitted  from  the  cardiac  nerves  to  the  bulb  and 
thence  downward  as  inhibitory  impulses  along  the  pneumogastric.  The  intra- 
cardiac ganglia  come  from  the  sympathetic  and  are  afferent  in  nature,  hence 
incapable  of  arresting  the  action  of  the  heart.  Instantaneous  death  is  perhaps 
more  likely  to  follow  a  severe  blow  over  the  heart  or  epigastrium  than  a  penetrat- 
ing wound  (so-called  concussion  of  the  heart). 

Cohnheim  and  others  found  that  ligation  of  the  coronary  artery  caused 
sudden  death  in  animals.  If  the  animal  survived,  the  area  which  the  ligated 
vessel  supplied  underwent  granulo-fatty  degeneration.  Ricketts,  how^ever, 
demonstrated  that  either  coronary  artery  may  be  ligated  at  any  point  without 
death  resulting.  Larrey,  Klihm,  and  Turner  have  reported  cases  in  which,  at 
autopsy,  cicatrices  of  wounds  of  the  anterior  coronary  artery  have  been  found. 
Among  the  cases  of  cardiorrhaphy  the  left  coronary  artery  was  injured  in  4  cases. 
In  Vince's  case  the  patient  died,  on  the  second  day,  of  pneumonia;  in  Cap- 
pelen's  case,  death,  which  was  due  to  purulent  pericarditis,  also  occurred  on 
the  second  day;  in  Pagenstecher's  case  it  occurred  on  the  fifth  day,  as  a  result 
of  purulent  pleuro-pericarditis ;  and,  in  our  case,  the  patient  recovered. 

Death  after  an  Interval. — Death  after  an  interval  of  a  few  minutes  or  hours, 


166  AMERICAN  PRACTICE   OF  SURGERY. 

aside  from  intracardiac  lesions  (valvular  lacerations,  rupture  of  the  chordae 
tendinese,  perforation  of  the  septum),  is  the  result  of  hemorrhage  or  of  com- 
pression of  the  heart.  After  several  days  or  weeks  death  is  generally  the  result 
of  sepsis  (pericarditis,  empyema,  pneumonia,  etc.),  although  secondary  hem- 
orrhage is  responsible  for  a  few  fatalities,  and  clot,  but  not  air-embolism,  has 
been  reported.  Izzo  reports  a  case  of  stab  wound  of  the  left  ventricle  which 
was  discharged  cured  on  the  twenty-eighth  day.  A  few  hours  later,  the  patient 
died  while  lifting  a  heavy  body,  the  scar  having  ruptured.  Cawadki  lost  a  case 
from  rupture  of  the  heart  fifteen  days  after  the  left  ventricle  had  been  sutured 
for  stab  wound.  In  Ewald's  case  the  scar  ruptured  foiu-  weeks  after  the  trau- 
matism.    In  Loison's  statistics  there  are  nine  cases  of  this  nature. 

It  is  our  intention  to  detail  here  only  those  symptoms  which  immediately 
follow  a  wound  of  the  heart  in  a  patient  who  escapes  instantaneous  death, — i.e., 
the  symptoms  of  acute  hemorrhage  and  those  of  compression  of  the  heart. 

When  the  blood  escapes  through  the  external  wound  or  pours  into  the  pleural 
cavity,  the  general  phenomena  are  those  of  acute  hemorrhage — pallor,  rapid 
and  empty  pulse,  subnormal  temperature,  dyspnoea,  etc.  Nervous  symptoms, 
such  as  vertigo,  syncope,  convulsions,  vomiting,  and  hemiplegia,  are  caused  by 
the  ansemia  and  are  said  to  be  more  common  in  injuries  of  the  left  ventricle. 
Respiratory  difficulties  are  more  marked  in  wounds  of  the  right  ventricle,  but 
may  be  due  to  nervous  influences,  pneumothorax,  or  compression  of  the  heart. 
Haemoptysis  is  rare,  although  the  lung  is  frequently  injured.  In  some  cases 
there  are  precordial  pain  and  tenderness  even  when  the  external  wound  is  at  a 
distance,  and  in  several  cases  there  has  been  pain  referred  to  the  abdomen.  As 
already  noted,  the  patient  may.  walk  or  even  run  for  a  considerable  distance 
before  falling  to  the  ground. 

If  the  blood  escapes  externally  it  may  do  so  in  jets,  but  a  continuous  stream, 
accentuated  by  coughing,  movements  of  the  patient,  and  similar  efforts,  is  more 
common. 

When  the  blood  flows  into  the  pleural  cavity  (the  pleura  was  injured  in  143 
of  the  154  cases  collected  by  us)  there  will  be/ in  addition  to  the  symptoms  of 
anaemia,  the  signs  of  a  pneumohaemothcrax.  Palpation  may  detect  the  apex 
beat;  and  there  may  be  a  slight  increase  in  the  cardiac  dulness,  or  percussion 
over  the  heart  may  give  a  tympanitic  note.  In  many  cases  the  cardiac  sounds 
are  nonxial.  A  splashing  sound  indicates  blood  and  air  in  the  pericardium. 
A  whizzing  sound  due  to  the  presence  of  air  in  the  pericardium  also  is  described. 
In  some  cases  a  friction  sound  may  be  heard  and  in  others  a  bruit  not  unlike  that 
heard  over  an  aneurysm. 

When,  owing  to  an  obturating  clot,  a  long  oblique  wound,  or  the  fact  that 
the  pericardial  sac  is  not  perforated,  the  blood  is  confined  to  the  pericardium,  the 
clinical  picture  is  that  of  compression  of  the  heart.  There  may  be  a  splashing 
sound,  which  disappears  as  the  pericardium  fills,  at  which  time  the  area  of 
precordial  dulness  will  be  much  increased.  The  apex  beat  can  neither  be  felt 
nor  heard,  and  the  pulse  is  exceedingly  rapid  and  feeble  or  absent.  The  respira- 
tions are  hurried  and  superficial,  the  face  cyanosed,  and  the  veins  of  the  neck 
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dilated.  The  patient  is  unconscious,  but  may  regain  his  senses  when  an  exit  for 
the  blood  is  provided.  Cohnheim  demonstrated  by  experiments  on  animals 
that  the  pressure  of  the  accumulating  blood  manifested  itself  first  on  the  auricles 
and  the  origin  of  the  great  veins,  thus  producing  venous  stasis,  cyanosis,  and 
dyspnoea.  When  the  pressure  of  the  effusion  exceeds  that  of  the  blood  in  the 
auricles  complete  obstruction  to  the  cardiac  blood-current  ensues,  the  ventricles 
pump  themselves  dry,  and  the  heart  stops. 

Spontaneous  Healing. — Spontaneous  healing  occurred  in  16  of  the  121  cases 
collected  by  Jamain,  in  18  of  the  152  cases  of  Janetti,  and  in  17  of  the  56  cases  of 
Laforgue.  Fischer  gives  the  proportion  of  spontaneous  recoveries  as  8  per  cent, 
while  Tassi  estimates  that  1  per  cent  of  penetrating  wounds  and  9  per  cent  of 
non-penetrating  wounds  will  recover  without  operation.  The  wound  is  repaired 
by  fibrous  tissue  and  not  by  muscle  (Martinotti) ;  hence  the  possibility  of  sub- 
sequent aneur3^sm  and  rupture  of  the  heart,  and  of  murmurs  the  result  of  altera- 
tions of  the  orifices  of  the  heart.  Pericardial  adhesions  of  greater  or  lesser  extent 
probably  always  follow  wounds  of  this  structure,  but  give  symptoms  in  only  a 
small  proportion  of  the  cases.  We  shall  have  occasion  to  refer  to  the  late  results 
after  cardiorrhaphy  on  a  subsequent  page. 

Diagnosis. — It  is  often  impossible  to  diagnosticate  with  certainty  a  wound  of 
the  heart.  The  superficial  wound  may  be  directly  over  the  heart  and  associated 
with  symptoms  of  profound  shock,  and  yet  the  heart  escape  injury.  Again,  the 
wound  of  entrance  may  be  in  the  abdomen  or  in  the  posterior  aspect  of  the 
chest,  the  constitutional  symptoms  slight,  and  a  fatal  wound  of  the  heart  exist. 
We  have  in  nine  instances  explored  a  wound  in  the  precordial  region.  In  one 
there  was  a  penetrating  wound  of  the  left  ventricle ;  in  one  a  penetrating  wound 
of  the  right  ventricle;  in  one  a  contusion  of  the  heart,  a  bullet  being  embedded 
in  the  pericardium ;  in  one  the  tine  of  a  pitchfork  passed  through  the  pericardium 
and  lung,  just  grazing  the  heart;  in  three  a  bullet  grazed  the  pericardium  (passing 
downward  into  the  abdomen  in  one,  and  backward  into  the  posterior  mediastinum 
in  the  other  two) ;  and  in  two,  both  of  them  stab  wounds,  the  thorax  was  not 
penetrated.  In  a  case  in  which  the  heart  is  wounded  external  bleeding  may  be 
profuse  and  there  may  be  spurting  from  a  wounded  intercostal  or  internal 
mammary  artery;  then  again,  neither  of  these  sjTuptoms  may  be  present  and 
yet  the  heart  be  wounded  in  an  equally  serious  degree.  Although  justified  by 
Rehn,  the  use  of  a  probe  is  generally  condemned,  because  of  the  danger  of 
introducing  infection  or  disturbing  an  obturating  clot.  The  statement  that  the 
blood  coming  from  the  external  wound  will  be  bright  red  when  the  left  heart  is 
injured  and  dark  in  color  when  coming  from  the  right  heart  is  not  to  be  relied 
upon.  The  size  of  the  wound  in  the  heart  cannot  be  predicted  with  certainty 
from  the  size  of  the  external  wound,  nor  can  the  particular  cavity  injured  be 
inferred  from  the  location  of  the  latter.  In  one  of  our  cases  the  cardiac  wound 
was  larger  than  the  external  wound,  the  knife  probably  having  entered  the  heart 
at  the  beginning  of  systole,  and  the  systolic  swinging  forward  of  the  heart  having 
added  an  incised  wound  to  the  stab.  In  this  case  also  the  external  wound 
suggested  a  wound  of  the  auricle  rather  than  one  of  the  ventricle.     Haemoperi- 
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cardium  is  not  pathognomonic  of  a  wounded  heart,  since  it  may  follow  wounds 
of  this  membrane  alone  or  of  the  vessels  at  the  base  of  the  heart.  The  safest 
plan,  in  all  cases  of  a  wound  in  the  neighborhood  of  the  heart,  is  to  make  an 
exploration.  The  superficial  wound  may  be  enlarged  by  a  transverse  incision 
along  the  rib,  or  between  the  ribs,  and  gradually  deepened  for  the  purpose  of 
ascertaining  whether  it  penetrates  the  chest ;  and,  if  it  be  found  that  it  does 
penetrate  the  chest,  then  the  entire  depth  of  the  wound  should  be  sufficiently 
enlarged  to  make  exploration  of  the  heart  possible.  Occasionally  it  is  practi- 
cable to  put  a  finger  directly  into  the  cardiac  wound.  In  other  cases  it  will  be 
easy  to  resect  the  rib  above  or  below,  and  thus  obtain  ample  room  for  explora- 
tion. If,  in  the  presence  of  symptoms  of  a  wound  of  the  heart,  exploration 
reveals  an  intact  pericardium,  a  needle  should  be  introduced  or  a  small  open- 
ing made  in  this  membrane  to  determine  the  presence  or  absence  of  blood, 
since  the  heart  may  be  wounded  without  an  opening  existing  in  the  pericardial 
sac.  Several  observers  have  testified  that  it  may  be  impossible  to  detect  a 
hsemopericardium  from  simple  exposure  of  the  parts.  There  have  been  several 
cases  where  the  operator,  having  opened  the  pericardium  and  having  failed  to 
find  the  cardiac  wound,  has  closed  the  chest  without  suturing  the  heart;  and 
subsequently  death  has  resulted. 

Treatment. — The  treatment  of  a  wound  of  the  heart  is  suture  at  the  earliest 
possible  moment.  Of  61  cardiorrhaphies  in  which  the  time  between  the  injury 
and  the  operation  is  stated,  23  were  operated  upon  within  one  hour,  with  10 
recoveries;  5  between  1  and  2  hours,  with  4  recoveries;  7  between  2  and  3 
hours,  with  2  recoveries;  8  between  3  and  4  hours,  with  4  recoveries;  1  between 
4  and  5  hours,  with  death;  3  between  5  and  6  hours,  with  2  recoveries;  2  between 
6  and  7  hours,  with  2  recoveries;  2  between  8  and  9  hours,  with  1  recovery;  1 
between  9  and  10  hours,  with  recovery;  2  between  12  and  13  hours,  with  1 
recovery;  7  after  24  hours,  with  5  recoveries.  This  gives  a  mortality  of  over 
53  per  cent  for  those  operated  upon  within  4  hours,  and  one  of  33^  per  cent 
for  those  operated  upon  after  4  hours.  These  figures  cannot  be  construed  to 
justify  delay  in  operating;  they  demonstrate  simply  that  an  individual  who 
survives  a  cardiac  wound  for  a  number  of  hours  has  a  fair  chance  of 
recovering  with  operation,  and  perhaps  without  operation,  but  that,  of  the 
cases  which  would  succumb  within  a  few  hours,  many  will  be  saved  by 
prompt  intervention. 

An  anaesthetic  should  always  be  employed  unless  the  patient  be  unconscious, 
not  only  to  relieve  suffering,  which  in  itself  adds  to  the  shock,  but  to  prevent 
struggling  and  to  facilitate  the  operation.  We  employed  ether  in  our  cases, 
because  we  believed  it  to  be  much  safer  than  chloroform.  Of  16  cases  in  which 
ether  was  employed,  7  died;  of  36  in  which  chloroform  was  used,  18  died. 
Mention  is  made  of  ethyl  chloride  having  been  employed  in  one  case  and  of  a 
local  anaesthetic  in  another,  the  former  patient  recovering,  the  latter  dying.  In 
17  cases  in  which  no  anaesthetic  was  used,  12  died.  In  the  remaining  cases  no 
note  is  made  of  the  anaesthetic . 

If  the  patient  is  unconscious  from  compression  of  the  heart,  not  infrequently 
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the  senses  will  be  regained  on  providing  an  exit  for  the  blood,  and  an  anaesthetic 
will  then  be  necessary. 

Since  time  is  an  element  of  such  great  importance,  some  surgeons  have  opened 
the  thorax  without  disinfecting  the  field  of  operation.  Perhaps  most  of  those 
who  have  made  an  attempt  to  adhere  to  the  rules  of  aseptic  surgery  have  done  so 
incompletely.  The  results  substantiate  this  statement.  In  154  cardiorrhaphies 
there  were  77  deaths,  a  mortality  of  a  little  over  52  per  cent.  Of  these,  31  died 
within  twenty-four  hours  of  shock  and  hemorrhage,  1  on  the  fifth  day  from 
secondary  hemorrhage  from  a  large  pulmonary  vessel,  and  1  on  the  fifteenth  day 
from  rupture  of  the  heart.  In  the  remaining  cases  the  patients  all  died  from 
some  form  of  infection  (pyopericardium,  pyothorax,  pneumonia,  etc.),  at  periods- 
ranging  from  the  second  day  to  several  weeks.  Of  the  73  individuals  who  re- 
covered, 28,  or  over  one-third,  did  so  in  spite  of  infection.  We  believe  that  the 
most  careful  aseptic  precautions  should  be  taken  whenever  the  patient's  con- 
dition permits,  but  that  in  the  presence  of  alarming  symptoms  one  should  first 
control  the  bleeding  and  then,  by  irrigation  and  perhaps  by  drainage,  attempt 
to  minimize  the  danger  of  infection . 

The  advice  given  by  Rydygier,  to  allow  a  knife  which  may  be  found  sticking 
in  the  chest  to  remain  until  one  is  ready  to  suture  the  heart,  is  questionable. 
It  is  easy  to  understand  how  the  blade  might  produce  further  laceration  of  a 
beating  heart. 

The  methods  for  exposing  the  heart  are  numerous.  Almost  each  operator 
who  has  attempted  to  suture  the  heart  has  adopted  a  different  plan.  Rehn, 
Walcker,  Parlavecchio,  Pagenstecher,  Fummi,  and  Gibbon  were  able  to  suture 
the  heart  after  resecting  one  rib  in  the  vicinity  of  the  wound.  Others,  finding 
the  space  thus  created  too  narrow,  have  removed  the  next  rib  above  or  below. 
Ramoni  excised  the  third  rib  and  raised  an  osteoplastic  flap  containing  the 
fourth  and  fifth  ribs,  the  base  of  the  flap  being  below.  Lango  and  Vaughan 
used  a  somewhat  similar  flap  with  the  base  above.  Del  Vecchio  suggested  an 
H-shaped  incision,  which  was  used  in  Nicolai's  case.  The  horizontal  portion  was 
made  at  the  level  of  the  wound,  in  the  fourth  interspace,  the  vertical  limbs 
corresponding  to  the  left  sternal  and  mammillary  lines.  The  fourth  and  fifth 
ribs  were  severed,  the  former  being  turned  upward,  the  latter  downward.  Loison 
recommends  adding  to  the  procedure  of  Del  Vecchio  a  sternal  flap  if  the  auricle 
or  right  ventricle  is  to  be  reached.  A  horizontal  incision,  extending  to  the  right 
margin  of  the  sternum,  is  made  from  each  end  of  the  longitudinal  incision  of 
Del  Vecchio,  the  sternum  being  severed  above  and  below  and  turned  toward  the 
right. 

Ninni  made  an  incision,  10  cm.  long,  from  a  point  1.5  cm.  to  the  left  of  the 
sternum,  along  the  inferior  border  of  the  third  rib;  a  second  incision,  8  cm.  long, 
began  at  the  same  distance  from  the  sternum  and  followed  the  inferior  border  of 
the  fifth  rib.  These  incisions  were  carried  through  the  entire  thickness  of  the 
thoracic  wall,  including  the  pleura,  but  avoiding  the  internal  mammary  vessels. 
A  vertical  incision,  within  the  nipple  line,  united  the  outer  edges  of  these  horizon- 
tal incisions.     After  the  fourth  and  fifth  ribs  had  been  severed  in  the  plane  of  the 
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vertical  incision  the  flap  was  turned  inward,  the  chondrosternal  articulations 
luxating.  This  quadrangular  osteoplastic  flap  has  been  modified  in  several 
ways.  Either  horizontal  incision  may  be  omitted,  thus  making  the  flap  triangu- 
lar. (Parozzani,  Lastaria,  Carnabel.)  Rydygier  advises  a  horizontal  incision 
at  the  upper  border  of  the  third  rib,  extending  from  the  right  of  the  sternum  to 
the  left  costo-chondral  joint,  then  passing  obliquely  downward  along  the  outer 
ends  of  the  costal  cartilages  as  far  as  the  fifth  interspace.  The  third,  fourth, 
and  fifth  costo-chondral  articulations  and  the  sternum  are  divided  and  the  flap 
turned  toward  the  right. 

Wehr  suggests  a  V-shaped  incision.  Beginning  at  the  superior  border  of  the 
fourth  right  chondro-sternal  articulation,  the  incision  crosses  the  sternum, 
follows  the  superior  border  of  the  fourth  left  costal  cartilage,  curves  downward, 
about  two  finger-breadths  fi^om  the  sternum,  over  the  fourth,  fifth,  sixth,  and 
seventh  cartilages,  and  finally  curves  again  below  to  reach  the  right  border  of 
the  sternum  at  the  ensiform  cartilage.  The  sternum,  costal  cartilages,  and 
ensiform  cartilage  are  severed,  down  to  but  not  including  the  inner  periosteum, 
and  the  fiap  is  turned  to  the  right,  the  pleura  being  detached  from  the  left  toward 
the  right.  If  the  auricles  are  to  be  attacked,  the  incision  passes  above  the  third 
costal  cartilage.  Marion,  Napalkoff,  and  Pagenstecher  have  suggested  flaps 
resembling  in  general  that  of  Wehr. 

Podrez  begins  an  incision  in  the  second. left  interspace,  one  inch  and  a  half 
from  the  sternum,  carries  it  as  far  as  the  midsternum,  then  downward  as  far  as 
the  level  of  the  seventh  cartilage,  and  outward  along  this  cartilage  to  its  junction 
with  the  rib.  The  sternum  is  divided  at  either  end  of  the  longitudinal  incision 
and  the  flap  is  turned  to  the  left.  The  pleura  is  not  opened.  Giordano,  Guidone, 
Fontan,  and  others  also  recommend  a  flap  with  the  base  directed  toward  the  left. 

To  gain  access  to  the  base  of  the  heart  and  the  great  vessels  Fontan  proposes 
a  temporary  resection  of  the  sternum.  An  incision  is  made  from  the  first  to  the 
fourth  or  fifth  interspace,  about  2  cm.  from  the  sternum,  and  is  then  carried 
across  the  sternum  and  upward  to  the  first  interspace.  The  cartilages  and  the 
lower  end  of  the  sternum  are  cut  and  the  sternum  is  turned  upward  in  such  a 
manner  as  to  fracture  at  a  level  with  the  first  interspace,  care  being  taken  not 
to  injure  the  pleura  or  the  internal  mammary  vessels. 

In  three  cases  of  cardiorrhaphy  the  opening,  owing  to  the  situation  of  the 
wound,  was  made  in  the  right  chest. 

Finally,  Mauclaire  and  Villar  advise  exposure  of  the  heart  by  incising  the 
epigastrium  and  then  the  diaphragm. 

None  of  the  methods  mentioned  above  is  ideal.  Resection  of  one  costal 
cartilage  gives  only  a  small  space  through  which  to  work;  permanent  resection 
of  more  than  one  leaves  a  breach  in  the  thorax  over  the  heart.  Flaps  with  the 
base  above  or  below  necessitate  double  ligature  of  the  intercostal  vessels,  thus 
prolonging  the  operation  and  predisposing  to  sloughing.  A  flap  wdth  the  base 
toward  the  sternum  is  difficult  to  make  without  injuring  the  pleura,  and  does 
not  give  access  to  the  auricles  unless  the  sternum  is  included.  A  flap  with  the 
base  directed  externally  allows  easier  separation  of  the  pleura  but  does  not  expose 
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the  base  of  the  heart.  Resection  of  the  sternum  exposes  only  a  hmited  portion 
of  the  heart.  The  abdoniino-diaphragniatic  route  is  useful  only  for  exploration 
when  there  exists  an  abdominal  wound  which  passes  upward  through  the 
diaphragm. 

The  truth  is,  that  no  definite  plan  can  be  laid  down  for  all  cases;  one  must 
be  guided  by  the  situation  of  the  wound,  the  condition  of  the  pleural  ca\dty,  and 
the  degree  of  certainty  in  the  diagnosis.  If  the  wound  is  in  the  left  chest,  if 
there  is  no  doubt  as  to  the  diagnosis,  and  if  the  pleural  cavity  is  distended  with 
air,  perhaps  the  best  plan  is  to  make  an  osteoplastic  flap  with  the  base  directed 
externally,  including  as  many  ribs  as  may  be  necessary  (usually  from  two  to 
four),  and  turning  the  sternimi  to  the  right,  if  necessar}^  by  prolonging  the 
horizontal  incisions  toward  the  right .  If  the  wound  is  to  the  right  of  the  sternum, 
the  flap  should  be  made  in  the  right  chest.  One  would  not  risk  injuring  the  left 
pleura  if  there  is  already  a  right  pneumothorax.  When  there  is  uncertaint}"  as 
to  the  diagnosis,  the  wound  should  be  explored  as  described  above  (page  151), 
and,  if  it  be  found  necessary  to  suture  the  heart,  as  much  bony  tissue  as  circum- 
stances demand  should  be  resected.  If  the  pleura  is  intact,  every  effort  should  be 
made  to  preserve  this  membrane,  unless  the  bleeding  is  so  ^^olent  as  to  demand  the 
most  hurried  action.  It  has  been  suggested  to  employ  the  Sauerbruch  or  Brauer 
apparatus  (see  page  418)  to  prevent  collapse  of  the  lung  during  thoracotomy 
for  a  wounded  heart,  but  the  suggestion  has  not  been  put  into  practice. 

^^llen  the  lung  is  wounded,  and  it  usuallj'  is,  the  wound  as  a  rule  ceases  to 
bleed  when  the  lung  collapses;  if  it  is  bleeding  at  the  time  when  the  thorax  is 
opened,  it  may  be  sutured  after  the  cardiac  wound  has  been  closed. 

The  wound  in  the  pericardium  is  enlarged  in  the  axis  of  the  heart  by  tearing 
or  cutting,  care  being  taken  to  avoid  the  pleura  if  it  is  not  injured.  ^Tien  the 
pericardium  is  intact  it  should  be  opened  as  one  opens  the  peritoneum,  by  raising 
it  from  the  heart  vriih.  forceps.  The  pericardial  sac  is  cleared  of  clots  vrith.  the 
finger  and  the  fluid  blood  removed  with  a  sponge.  In  the  reports  of  several  of 
the  cases  attention  is  called  to  the  fact  that  the  blood  coagulated  behind  the 
heart.  In  experimental  work  Ricketts  found  that  collapse  of  the  lung  congests 
the  heart,  and  subsequent  exposure  causes  it  to  dilate  because  of  the  lack  of 
support  of  the  pericardium  and  chest  wall. 

The  bleeding  from  the  heart  may  be  controlled  by  a  finger,  by  compression  of 
the  heart,  by  dislocating  it  forward,  or  by  pressing  it  against  the  sternum.  Rehn 
ad\dses  compressing  the  venae  cavse,  at  their  junction  with  the  right  auricle, 
between  two  fingei-s,  thus  making  the  operation  bloodless.  Animal  experiments 
have  proved  this  procedure  to  be  hamiless  when  of  short  duration — ten  minutes, 
for  example.  (Haecker.)  The  heart  may  be  steadied  by  the  fingers,  by  forceps, 
or  by  sling  sutures.  In  several  cases  the  suture  tore  out.  If  the  heart  cease 
to  beat  during  the  operation  it  should  be  sutured  quickly  and  massage  per- 
fomied.  The  use  of  gauze  packing  to  control  the  hemorrhage  ^\-ill  probably 
never  be  indicated;  to  be  efficient  it  must  be  fimi,  and  to  be  fimi  it  must  exert 
injurious  compression.  A  round,  curved  intestinal  needle  is  generally  recom- 
mended.    Silk  was  employed  in  57  cases,  ^^•ith  30  recoveries;   catgut  in  23.  with 
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14  recoveries;  celluloid  in  1,  with  recovery;  and  in  the  rest  the  suture  material 
is  not  known.  The  highest  number  of  sutures  employed  was  20.  Silk  has  the 
advantage  of  being  easier  to  manipulate  and  more  certain  to  hold.  It  has 
been  proved  that  catgut  will  last  long  enough  for  repair  of  the  wound.  The 
continuous  suture  is  mentioned  in  6  of  the  cases,  with  3  recoveries.  It  may 
be  applied  more  rapidly  than  the  interrupted,  and  presents  fewer  knots  on  the 
surface  of  the  heart.  The  sutures  are  inserted,  at  intervals  of  one-eighth  of  an 
inch,  deeply  into  the  muscle,  but  they  must  not  penetrate  the  endocardium. 
In  dogs  Sherman  found  it  a  difficult  matter  to  penetrate  the  endocardium  with 
an  ordinary  curved  needle.  After  they  have  been  tied,  the  ends  of  the  suture 
should  be  cut  off  one-quarter  of  an  inch  from  the  knot,  to  guard  against  un- 
twisting. Diastolic  suture  is  difficult  and  unnecessary.  One  would  have  to 
rehearse  with  a  rapidly  ticking  metronome  for  a  long  time  before  he  would  be 
able  to  accomplish  the  feat. 

After  the  pericardium  and  pleura  have  been  cleared  of  fluid  blood  and  clots 
the  question  of  drainage  must  be  decided.  The  advantages  and  disadvantages 
(infection  and  adhesions)  of  the  drain  are  the  same  here  as  in  other  serous  cavities. 
Most  operators  have  drained  both  the  pericardium  and  the  pleura,  a  few  have 
closed  the  pericardium  and  drained  the  pleura,  and  a  few  have  closed  the  pleura 
and  drained  the  pericardium.  As  far  as  one  can  judge  by  the  statistics  the 
results  are  slightly  better  with  drainage.  Of.  58  cases  in  which  the  pericardium 
was  drained,  22  died,  while  of  42  in  which  the  pericardium  was  closed,  18  died. 
If  the  bleeding  has  been  thoroughly  controlled  and  the  operation  performed  with 
aseptic  precautions  we  should  close  the  pericardium  and  the  pleura,  being  pre- 
pared to  open  either  cavity  in  the  event  of  septic  contamination.  If  oozing  of 
blood  persists,  or  if,  owing  to  the  patient's  condition,  the  rules  of  aseptic  surgery 
have  been  violated,  drainage  should  be  instituted.  If  one  decides  to  drain  both 
cavities,  this  should  be  done  through  separate  openings — ^the  pericardium 
through  the  wound  of  operation,  and  the  pleura  between  the  axillary  lines; 
otherwise,  infection  in  one  cavity  will  inevitably  be  conveyed  to  the  other.  If, 
in  the  presence  of  pneumothorax,  it  is  deemed  better  to  close  the  pleura,  an 
aspirator  may  be  introduced  in  order  to  remove  the  air.  One  should  remember, 
however,  that  a  pneumothorax  is  a  very  efficient  haemostatic,  and  should  hesitate 
to  aspirate  soon  after  operation,  if  the  lung  has  been  wounded. 

The  after-treatment  is  the  same  as  for  any  grave  hemorrhage.  It  is  needless 
to  add  that  infusion  of  salt  solution  and  stimulants  should  not  be  given  before 
the  wound  in  the  heart  is  closed. 

All  that  remains  to  complete  the  history  of  suture  of  the  heart  is  to  give  the  end- 
results  in  those  patients  who  survive  the  operation.  We  have  notes  of  eighteen 
cases  in  which  the  patients  were  examined  at  periods  ranging  from  a  few  months 
to  several  years  after  the  operation.  In  one  the  heart  ruptured  on  the  twenty- 
eighth  day ;  one  has  symptoms  of  an  aneurysm  of  the  heart ;  one  has  an  irritable 
heart;  one  complains  of  cardiac  pain;  one  has  tachycardia,  which  was  present 
before  the  operation;  and  thirteen  are  in  good  health,  with  no  symptoms  refer- 
able to  the  heart. 
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Massage  of  the  Heart. — Massage  of  the  heart  was  first  proposed  by  Schiff, 
in  1S74.  After  arresting  the  heart  by  chloroformization,  he  was  able  in  some 
instances  to  reestablish  its  pulsations,  even  after  these  had  ceased  for  as  long  a 
time  as  ll|l  minutes.  He  opened  the  thorax  and  compressed  the  heart  rhythmi- 
cally with  the  hand,  being  careful  not  to  interfere  with  the  coronary  circulation. 
At  the  same  time  he  performed  artificial  respiration  and  compressed  the  abdominal 
aorta,  to  force  blood  toward  the  brain.  Most  of  the  dogs,  however,  died  after 
a  few  hours.  Similar  experiments  were  made  later  by  Tuffier  and  Hallion.  In 
1900  Prus  "killed"  dogs  by  electrocution,  by  suffocation,  and  by  the  administra- 
tion of  chloroform.  Of  those  in  which  the  heart  w^as  arrested  by  electricity, 
massage  was  successful  (in  about  fourteen  per  cent)  in  restoring  cardiac  activity, 
while,  in  the  others,  over  seventy-five  per  cent  were  resuscitated.  Prus  concluded 
that  life  can  be  induced  to  return  even  after  the  heart  has  ceased  to  beat  for  one 
hour.  Batelli  showed  in  his  experiments,  which  were  subsequently  confirmed  by 
Arabian,  that  animals  could  be  recalled  to  life  six  minutes  after  the  heart  had 
been  arrested  by  suffocation  or  chloroformization.  He  found  also  that  when 
massage  produced  fibrillary  tremulations  of  the  heart,  it  was  exceedingly  difficult 
to  induce  normal  contractions,  although  he  succeeded  in  this  by  applying  directly 
to  the  heart  an  alternating  current  of  240  volts.  Bourcart  was  the  first  to 
massage  the  heart  through  the  diaphragm,  after  making  an  epigastric  incision. 
One  dog,  in  which  massage  was  begun  over  eleven  minutes  after  the  heart  ceased 
to  beat,  was  living  and  in  perfect  health  six  w^eks  later.  Hering  and  d'Halluin 
found  that,  after  an  intravenous  injection  of  chloride  of  potassium  (20  centi- 
grammes to  the  kilogramme  of  animal),  the  fibrillary  tremulations  of  the  heart 
could  be  checked  and  the  organ  induced  to  beat  regularly. 

Although  massage  of  the  himian  heart  was  first  performed  by  Nichaus,  in 
1880,  the  credit  for  the  first  report  belongs  to  Tuffier,  who,  in  1898,  published  an 
unsuccessful  attempt  to  restore  life  by  this  means,  after  death  from  a  post- 
operative embolism.  In  1906  Lenormant,*  to  whom  we  are  indebted  for  the 
facts  given  above,  was  able  to  collect  25  cases,  to  w^hich  we  may  add  13  additional 
cases,  published  up  to  June,  1908,  and  one  unpublished  case,  making  39  in  all. 
These  figures  do  not  include  so-called  massage  by  simple  pressure  over  the 
precordium. 

The  cause  for  the  cardiac  inhibition  in  these  cases  was  chloroform  in  29, 
ether  in  1,  operation  wdthout  anaesthesia  in  2,  w^ounds  of  the  heart  or  pericardium 
in  3,  pulmonary  embolism  in  1,  hanging  in  1,  nephritis  and  septicaemia  in  1,  and 
one  case  concerned  a  still-born  infant. 

Technique. — ^The  heart  may  be  approached  for  massage  through  the  anterior 
wall  of  the  thorax,  or  through  the  abdomen,  with  incision  of  the  diaphragm 
(transdiaphragmatic  massage)  or  without  incising  the  diaphragm  (subdia- 
phragmatic massage) . 

The  thoracic  route  necessitates  the  resection  of  one  or  more  costal  cartilages, 
usually  the  third  and  fourth  or  the  fourth  and  fifth.  Osteoplastic  flaps,  similar 
to  those  employed  to  expose  the  heart  for  suture,  also  have  been  made.     Most 
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surgeons  who  have  adopted  thjs  route  have  opened  the  pericardium,  in  order  to 
act  directly  on  the  heart — a  procedure  which  involves  some  risk  of  producing 
infection  of  this  serous  cavity.  In  four  of  the  five  cases  in  which  the  pericardium 
was  not  opened,  the  pleura  had  been  torn,  and  massage  was  performed  through 
the  pleural  cavity.  As  to  the  massage  itself,  the  ventricular  portion  of  the  heart 
is  rhythmically  compressed  between  the  thumb  and  fingers,  about  60  times  to 
the  minute.  The  thoracic  route  has  been  utilized  in  17  cases,  with  7  complete 
failures,  5  failures  after  a  few  contractions  had  been  induced  in  the  course  of 
one  or  more  hours,  and  one  complete  success.  The  successful  case  belongs  to 
Igelsrud.  During  a  hysterectomy  under  chloroform  the  patient  collapsed. 
After  three  or  four  minutes  of  suspension  of  cardiac  activity,  the  fourth  and 
fifth  left  costal  cartilages  were  resected,  the  pericardium  opened,  and  the  heart 
masseed  for  two  minutes,  at  the  end  of  which  time  the   pulsations  returned. 

Except  in  operations  on  the  heart  and  lungs,  in  which  a  breach  in  the  thoracic 
wall  has  already  been  made,  the  thoracic  route  will  probably  be  abandoned, 
since  it  not  only  involves  a  risk  of  injuring  the  pleura  and  producing  acute 
pneumothorax  (a  most  serious  accident  at  a  very  critical  period),  but  also 
interferes  with  artificial  respiration,  which  is  as  essential  as  artificial  circulation. 

The  transdiaphragmatic  route  was  proposed  by  Mauclaire.  The  abdomen 
is  opened  in  the  epigastric  region,  the  liver  depressed,  and  the  pericardium 
opened  through  the  diaphragm,  a  hand  being  introduced  through  the  opening 
for  the  purpose  of  massage.  This  method  has  been  employed  in  five  cases,  in 
each  instance  unsuccessfully.  It  avoids  a  pneumothorax  and  permits  artificial 
respiration,  but  necessitates  suturing  of  the  diaphragmatic  opening — an  exceed- 
ingly difficult  undertaking.  Therefore  it  has  given  way  to  the  subdiaphragmatic 
method. 

The  subdiaphragmatic  route  was  first  adopted  by  Lane.  After  making  an 
epigastric  incision  he  masseed  the  heart  through  the  diaphragm  without  incising 
this  structure.  When,  as  in  syncope,  the  diaphragm  is  relaxed,  the  heart  may 
be  seized  with  the  hand  and  manipulated  without  difficulty,  or  it  may  be  com- 
pressed against  the  anterior  thoracic  wall,  which  is  supported  with  the  other 
hand.  The  subdiaphragmatic  method  has  been  employed  in  17  cases,  with  9 
failures  and  8  successes.  It  is  the  quickest,  least  mutilating,  and  the  most  effica- 
cious of  the  methods  proposed. 

The  question  as  to  how  long  one  should  persist  in  the  usual  methods  for 
combating  cardiac  collapse  before  performing  massage  of  the  heart,  is  difficult 
to  answer.  The  sooner  one  begins,  the  greater  the  chance  of  success;  yet  to 
open  the  abdomen  without  careful  disinfection  in  a  case  which  might  survive 
without  cardiac  massage,  carries  with  it  a  risk  of  peritonitis.  If  the  collapse 
occurs  during  a  clean  abdominal  operation,  or  an  operation  on  the  heart  or  lungs, 
we  should  not  hesitate  to  begin  massage  as  soon  as  the  heart  ceases  beating.  If 
the  case  is  one  of  peritonitis  confined  to  the  lower  abdomen,  gloves  could  be 
drawn  on  the  hands  and  a  second  incision  made  in  the  epigastrium.  If  the 
operation  is  one  not  involving  the  thorax  or  abdomen,  we  should  first  try  rhyth- 
mical pressure  over  the  precordial  region,  which  we  have  found  successful  in  one 
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case,  before  opening  the  abdomen  for  subdiaphragmatic  massage.  Lenormant 
advises  that  cardiac  massage  be  instituted  after  five  or  six  minutes,  if  the 
usual  methods  of  resuscitation  are  unavaiHng. 

The  longest  period  elapsing  between  the  cessation  of  cardiac  activity  and  the 
beginning  of  massage,  which  was  followed  by  permanent  recovery,  has  been 
fifteen  minutes.  (De  Page.)  Prus,  however,  was  able  to  induce  cardiac  con- 
tractions one  hour  after  death,  and  Sick  succeeded  in  restoring  the  heart  to 
activity  forty-five  minutes  after  it  had  ceased  beating,  the  patient  regaining 
consciousness  and  living  twenty-four  hours.  As  in  the  case  of  artificial  respira- 
tion, massage  of  the  heart  once  begun  should  be  continued  with  perseverance. 
Although,  in  most  cases,  if  a  successful  result  is  to  be  obtained,  the  heart  will 
begin  to  beat  almost  immediately  after  the  application  of  massage,  in  others 
this  will  occur  only  after  the  lapse  of  several  minutes — five  minutes  (Sencert), 
six  to  eight  minutes  (Lenormant),  or  even  forty-five  minutes  (Prus,  Sick). 

Cardiocentesis.— Cardiocentesis,  or  tapping  of  one  of  the  cavities  of  the  heart, 
was  first  deliberately  performed  by  Westbrook  in  1882,  although  previously 
several  unintentional  punctures  of  the  heart  had  been  made  during  attempts  to 
withdraw  fluid  from  the  pericardium  or  the  pleura.  The  operation  was  suggested 
for  the  purpose  of  relieving  overdistention  of  the  heart  with  blood,  the  result  of 
some  acute  pulmonary  affection,  or  with  air  which  had  been  aspirated  into  the 
heart  through  a  wound  in  one  of  the  veins  at  the  base  of  the  neck.  (See  Air 
Embolism.)  It  has  been  proposed  also  for  the  treatment  of  suspended  animation, 
the  result  of  chloroform  narcosis,  of  asphyxia  from  various  causes,  and  of  epilepsy. 
As  the  right  auricle,  owing  to  the  thinness  of  its  walls,  suffers  most  from  over- 
distention, Westbrook  selected  this  cavity  for  puncture,  entering  the  needle  into 
the  third  intercostal  space  close  to  the  right  edge  of  the  sternum  and  pushing  it 
directly  backward.  The  needle  traverses  the  anterior  edge  of  the  right  lung  and 
the  pericardium  before  reaching  the  auricle.  In  order  to  avoid  the  danger  of 
hemorrhage  which  attends  puncture  of  the  auricle,  certain  surgeons  have  pene- 
trated the  right  ventricle.  Roberts  advises  that  the  needle  be  introduced  in  the 
fourth  interspace,  one  or  two  inches  to  the  left  of  the  sternum.  Even  here  one 
may  produce  copious  bleeding  by  puncturing  a  vessel  in  the  cardiac  wall  or 
pericardium,  or  may  strike  the  coordination  centre  of  Kronecker — an  accident 
which  causes  sudden  arrest  of  the  heart.  We,  therefore,  believe  that  the  opera- 
tion is  one  which  should  seldom  or  never  be  employed. 

11.  THROMBOSIS. 

Thrombosis  is  the  ante-mortem,  intravascular,  or  intracardiac  clotting  of 
blood.    The  clot  is  called  thrombus. 

Etiology. — The  causes  of  thrombosis,  in  the  order  of  their  importance,  are: 
(1)  changes  in  the  vessel  walls;  (2)  changes  in  the  blood;  (3)  changes  in  the 
blood-current.  These  three  factors  are  generally  combined,  and  in  many 
instances  it  is  impossible  to  deteraiine  which  is  the  primary  agent  in  the  pro- 
duction of  thrombosis. 


176  AMERICAN  PRACTICE  OF  SURGERY. 

1.  Changes  in  the  Vessel- Walls. — Changes  in  the  vessel- walls,  with  lesions  of 
the  intima,  are  the  most  prolific  cause  of  thrombosis.  Injuries,  such  as  occur 
after  contusions  and  ligations  of  vessels,  which  result  in  a  rupture  of  the  endo- 
thelial lining  of  the  vessels,  expose  an  irregular  surface  to  the  blood-current,  upon 
which  the  elements  necessary  for  coagulation  are  readily  produced.  In  many  of 
these  cases  the  blood-channel  is  narrowed  or  a  flap  of  the  intima  projects  into 
the  blood-stream,  thus  producing  a  whirling  motion,  or  eddy,  and  retarding  the 
blood-stream.  In  addition  to  these  mechanical  conditions  favoring  thrombosis, 
lesions  of  the  intima  are  thought  to  encourage  thrombosis  by  means  of  fibrin 
ferment,  which  is  generated  by  disintegrating  protoplasm.  Aside  from 
trauma,  structural  changes  in  the  vessel-walls  which  may  excite  thrombosis 
are  found  in  the  last  stage  of  acute  inflammation,  in  the  various  forms  of 
arteritis  and  phlebitis,  in  necrosis  and  other  degenerations,  and  in  neo- 
plastic infiltrations. 

Inflammatory  changes  in  the  vessel-walls  secondary  to  either  perivascular 
or  intravascular  infection  are  responsible  for  the  vast  majority  of  thromboses. 
With  the  progress  that  has  been  made  in  bacteriology,  many  thromboses  formerly 
regarded  as  bland  are  now  known  to  be  infective  in  origin.  This  is  particularly 
true  of  those  complicating  acute  infective  diseases  and  diseases  accompanied 
by  cachexia.  Among  the  acute  infective  diseases  which  may  be  associated  with 
thrombosis  are  typhoid  fever,  influenza,  measles,  variola,  scarlatina,  pneumonia, 
acute  rheumatism,  erysipelas,  cholera,  relapsing  fever,  and  dysentery.  Throm- 
bosis may  occur  also  during  gonorrhoea,  syphilis,  gout,  chlorosis  and  some  other 
forms  of  angemia,  particularly  that  following  hemorrhage.  "In  relatively  few 
instances  has  the  specific  micro-organism  of  the  primary  disease,  as  the  typhoid 
or  tubercle  bacillus,  for  example,  been  present  in  the  thrombus;  more  frequently 
secondary  invaders,  especially  streptococci  and  other  pyogenic  bacteria,  have 
been  detected:  so  that  the  thrombus  is  considered  to  be  oftener  the  result  of 
some  secondary  infection  than  of  the  primary  one."  (Welch.)  Among  the 
cachectic  states  which  predispose  to  thrombosis  may  be  mentioned  those  due  to 
cancer,  chronic  gastric  diseases,  dysentery,  and  protracted  suppurations,  espe- 
cially of  bone.  In  these  cases  pyogenic  organisms  are  most  frequently  found  in 
the  thrombus  and  the  vascular  walls. 

''We  do  not  possess  sufficiently  numerous  and  careful  bacteriological  ex- 
aminations of  the  thrombi  of  infective  and  wasting  diseases  to  enable  us  to  say 
in  what  proportion  of  cases  they  contain  micro-organisms.  It  is  certain  that  in 
many  instances  such  examinations  have  yielded  negative  results.  It  is  quite 
possible  that  in  some  of  these  negative  cases  bacteria,  originally  present,  have 
died  out,  but,  although  by  some  authors  much  use  is  made  of  this  explanation, 
it  is  not  in  general  a  satisfactory  one.  Many  of  the  examinations  were  of  thrombi 
sufl&ciently  recent  to  exclude  this  possibility.  To  explain  these  non-bacterial 
cases,  the  French  writers  assume  the  existence  of  a  primary  toxic  endophlebitis, 
the  toxins  being  either  of  bacterial  origin  or  derived  from  other  sources.  Pon~ 
fick,  many  years  ago,  called  attention  to  the  occurrence  of  degenerations  of  the 
vascular  endothelium  in  infective  diseases;   and  there  can  be  no  doubt  of  the 
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frcciiunicy  of  both  degenerative  and  iiiflanimatoiy  changes  of  the  intima  in  toxic 
and  infective  conditions."     (Welch.) 

Since  changes  in  the  vascular  walls  induce  thrombosis,  and  since  thrombosis, 
particularly  when  of  infecti^•e  origin,  causes  an  angeitis,  it  is  often  impossible 
to  determine  which  of  these  conditions  is  primary  and  which  secondary.  In  the 
time  of  John  Hunter  and  Cruveilhier  the  thrombus  was  always  regarded  as 
secondary.  Mrchow  convinced  the  pathologists  of  his  day  that  the  thrombus 
was  generally  primary.  At  the  present  time  the  prevailing  view  is  that  throm- 
bosis is  generally  secondary  to  changes  in  the  vascular  wall. 

Under  this  heading  may  be  considered  foreign  bodies,  such  as  emboli,  and 
bodies  like  needles,  which  may  enter  the  blood-stream,  particularly  the  heart  and 
the  abdominal  veins,  and  induce  thrombosis.  According  to  Freund  the  foreign 
bod}'  must  have  certain  adhesive  qualities  so  that  the  corpuscles  will  stick  to  it, 
the  normal  intima  being  smooth  and  non-adherent  and  so  preventing  coagulation. 
This  observer  has  found  that  blood  drawn  from  the  vessels  beneath  a  layer  of 
oil  into  a  receptacle  coated  with  vaseline  will  not  coagulate. 

2.  Changes  in  the  Blood. — Coagulation  of  the  blood  is  the  result  of  the 
presence  of  fibrin  ferment,  which  in  some  obscure  way  causes  the  fibrinogen 
and  the  calcium  salts  of  the  plasma  to  miite  and  form  fibrin.  As  has  already 
been  mentioned,  fibrin  ferment  may  be  liberated  from  the  diseased  or  injured 
cells  of  the  vessel  wall.  It  may  emanate  likewise  from  diseased  or  injured  blood- 
cells — white,  red,  or  platelets.  Any  agent,  therefore,  w^hich  injures  these  cells 
may  be  responsible  for  the  generation  of  fibrin  ferment.  That  marked  changes 
in  the  chemistry  and  morphology  of  the  blood  are  caused  by  many  diseases  and 
that  such  may  markedly  influence  the  coagulability  of  the  blood  is  well  known. 
Thus,  coagulation  may  be  delayed  in  jaundice,  scurvy,  malaria,  yellow  fever, 
haemophilia,  purpura  hemorrhagica,  certain  forms  of  anaemia,  notably  pro- 
gressive pernicious  anaemia  and  leukaemia,  and  by  alcoholism  and  other  toxic 
conditions.  Decrease  in  the  coagulability  of  the  blood  has  been  found  after 
bites  by  poisonous  snakes,  poisoning  by  prussic  acid  and  chloroform,  and  the 
injection  of  hirudin  (leech  extract).  The  inhalation  of  oxygen,  smoking  of 
tobacco,  ingestion  of  acid  fruit  juices  and  ammonia,  restriction  of  food,  diminu- 
tion of  lime  salts,  and  large  quantities  of  fluid  are  all  said  to  delay  the  clotting  of 
blood.  Normal  blood,  as  it  flows  from  the  vessels,  is  incapable  of  coagulation 
when  sodium  oxalate,  sodium  fluoride,  or  soaps,  w^hich  precipitate  the  calcium 
salts,  are  added  to  it.  (Ziegler.)  Intravascular  coagulation  has  been  produced 
by  the  injection  of  gallic  acid,  laky  blood,  solutions  of  haemoglobin,  defibrinated 
blood,  emulsions  of  lymph  cells,  emulsions  of  leucocytes,  ether,  and  biliary  salts. 
Thrombosis,  particularly  of  the  capillaries,  may  occur  in  extensive  burns  (Silber- 
mann),  in  severe  frost-bites,  and  in  poisoning  with  those  substances  which  act 
deleteriously  upon  the  blood-cells, — e.g.,  aniline,  arsenic,  mercury,  phosphorus, 
potassium  chlorate,  carbon  dioxide,  and  illuminating-gas.  During  the  puerpe- 
rium  the  blood  is  said  to  be  more  coagulable,  owing  to  an  increase  in  the  amount 
of  fibrin  ferment.  Restriction  of  fluid  and  the  administration  of  milk,  gelatin, 
lime  salts,  magnesium  carbonate,  and  thyroid  extract  render  the  blood  more 
YOL.  VII. — 12 
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coagulable.  "Weil  and  others  inject  horse  or  human  blood  serum  in  haemophilia, 
in  order  to  increase  the  coagulability  of  the  blood.  Antidiphtheritic  serum  has 
been  used  with  the  same  idea. 

We  have  already  called  attention  to  some  of  the  infective  and  exhaustive 
diseases  which  may  be  complicated  by  thrombosis.  As  to  the  frequency  with 
which  thrombosis  in  septic  and  toxic  conditions  is  due  to  alterations  in  the  blood 
rather  than  to  changes  in  the  vascular  wall  we  are  unable  to  state.  Satisfactory 
observations  on  the  presence  of  fibrin  ferment  in  the  blood  under  such  circum- 
stances are  lacking.  O^^elch.)  There  are,  however,  some  observations  which 
tend  to  show  a  relation  betvv'een  the  number  of  blood  platelets,  which  play  an 
important  role  in  thrombosis,  and  the  fomiation  of  thrombi.  The  number  of 
platelets  in  circulating  blood  has  been  found  to  be  increased  in  such  conditions 
as  chlorosis,  influenza,  pneumonia,  post-hemorrhagic  ansemia,  septic  infections, 
and  cachectic  conditions,  all  of  which  may  be  complicated  b}'  thrombosis.  This 
increase  in  the  number  of  platelets  in  septic  conditions  is  sometimes  observed 
with  leucoc}i:osis  and  sometimes  following  leucocytosis.  Diminution  in  the 
number  of  platelets  has  been  observed  in  certain  conditions  in  which  there 
is  a  tendency  to  spontaneous  hemorrhage — e.g.,  pernicious  anaemia,  purpura 
hemorrhagica,  malaria,  and  hsemophilia.  These  observations  tend  to  show  that 
the  platelets  are  not  distinct  entities  but  rather  the  result  of  destructive  processes 
in  the  blood,  being  derived  either  from  the  red  or  white  cells,  as  some  believe,  or 
from  the  plate-like  precipitation  of  globulin.     (Loewit.) 

3.  Changes  in  the  Blood-Current. — It  was  at  one  time  thought  that  reduction 
in  the  velocity  of  the  blood-stream  was  the  most  frequent  cause  of  thrombosis. 
Now,  however,  such  is  regarded  as  a  predisposing  element  only,  and  one  which 
determines  the  localization  of  the  thrombosis  rather  than  its  generation.  Slow- 
ing of  the  blood-current  alone,  without  either  of  the  other  factors  mentioned 
above,  will  not  cause  thrombosis;  in  fact,  a  vessel  may  be  ligated  at  two  points 
without  thrombosis  taking  place  between  the  ligatures  for  days  or  weeks.  To 
be  sure,  one  of  the  other  factors  is  generally  present.  Thus,  in  the  enfeebled 
circulation  attending  fevers  the  blood  is  laden  with  toxic  material,  and  degener- 
ative changes  may  be  found  in  the  vascular  walls.  Again,  slowing  of  the  circula- 
tion may  itself  be  responsible  for  nutritive  changes  in  the  w^alls  of  the  vessels.  It 
is  true  that,  with  a  diminution  in  the  velocity  of  the  blood-stream,  the  elements 
existing  in  the  blood  undergo  some  alterations  in  arrangement,  but  such  is 
generally  thought  to  be  insufficient  to  cause  thrombosis;  the  white  cells  and 
platelets  accumulate  at  the  margins  of  the  stream,  but  do  not  imdergo  "viscous 
metamorphosis,"  which  commonly  occurs  if  a  thrombus  is  to  fomi,  unless  there 
is  some  change  in  the  cells  lining  the  vessel.  Of  greater  importance,  in  some 
instances,  than  mere  slowing  of  the  blood-stream  are  irregularities  or  eddies 
which  are  produced  when  the  blood  flow^s  into  a  space  relatively  too  large  for  it — 
e.g.,  into  an  aneurysm  or  through  a  varicose  vein.  Pressure  on  a  vessel  from 
without  predisposes  to  thrombosis  by  producing  such  currents,  as  w^ell  as  by 
altering  the  nutrition  of  the  coats  of  the  vessel. 

The  Nature  of  the  Thrombus. — The  nature  of  the  thrombus  depends  upon 
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whether  it  is  the  result  of  complete  stasis  (red  throniI)iis)  or  is  fomied  slowly 
from  a  moving  current  of  blood  (white  thrombus).  A  white  thrombus  containing 
a  considerable  number  of  red  corpuscles  is  called  a  mixed  thrombus. 

Red  thrombi  are  formed  quickly,  and  hence  are  composed  of  a  mesh  of  fibrin 
in  which  are  ensnared  the  red  and  white  cells  in  about  the  same  proportion  as  i-n 
normal  blood;  in  other  words,  the  coagulum  is  identical  with  that  formed  by 
extravasated  blood.  Such  are  the  thrombi  which  seal  vessels  after  spontaneous 
ha?mostasis,  ligation,  torsion,  and  the  like.  They  result  also  from  the  complete 
stasis  which  occurs  in  violent  inflammation. 

^Miite  and  mixed  thrombi  are  formed  slowly  from  a  moving  current  of  blood, 
and  consequently,  besides  fibrin,  they  contain  chiefly  those  elements  which 
begin  to  lag  when  the  velocity  of  the  blood-stream  is  diminished, — \4z.,  platelets 
and  leucoc}i:es.  Excluding  the  coagula  which  close  vessels  after  injury,  we  may 
say  that  mixed  thrombi  constitute  the  vast  majority  of  those  encountered  by 
the  clinician.  They  are  of  a  dirty- white  or  grayish  color,  with  bright  red  spots 
or  black  blotches,  or  they  consist  of  alternating  red  and  white  layers  (laminated 
thrombi) . 

Leucocytic  thrombi,  consisting  almost  wholly  of  leucocytes,  have  been 
found  in  the  small  vessels  in  acute  inflammation,  and  in  diseases  like  leukaemia, 
in  which  there  is  a  marked  increase  in  the  number  of  leucocytes. 

Purely  fibrinous  thrombi  are  encountered  in  the  pulmonary  vessels  in 
croupous  pneumonia. 

Hyaline  thrombi,  occasionally  found  in  infective  conditions,  are  probably 
the  result  of  the  action  of  toxins  on  the  blood-cells.  The  modern  conception  of 
the  formation  of  white  or  mixed  thrombi,  based  largely  upon  animal  experi- 
mentation, is  as  follows :— Changes  in  the  vascular  wall,  associated  perhaps  with 
diminution  in  the  velocity  of  the  blood-stream,  are  followed  b}^  an  accumulation 
of  platelets  at  the  affected  spot.  These  platelets  adhere  to  the  vessel- wall  and 
to  each  other.  Leucoc}i;es  quickly  augment  this  beginning  thrombus,  and 
with  their  appearance  is  first  observed  fibrillated  fibrin.  The  color  of  the 
thrombus  ■^dll  depend  upon  the  number  of  red  cells  entangled  in  the  fibrin ;  the 
greater  the  irregularity  of  the  circulation  the  larger  the  nimiber  of  red  cells  mixed 
in  the  thrombus. 

A  thrombus  in  its  inception  is  at  first  parietal  or  mural.  Such  thrombi, 
occurring  upon  the  valves  of  the  heart  or  a  vein,  are  called  vahidar  thrombi. 
If  the  thrombus  continues  to  increase  in  size  mitil  it  closes  the  Imnen  of  the 
vessel  it  is  termed  an  occluding,  obstructing,  or  obturating  thrombus. — The 
thrombus  first  formed,  known  as  primary  or  autochthonous,  may,  by  subsequent 
adcUtions  (induced  thrombi),  become  a  continued  or  propagated  thrombus,  which 
sometimes  extends,  not  only  along  the  affected  vessel,  but  also  into  those  vessels 
with  which  it  communicates.  The  term  "secondary"  is  applied  to  induced 
thrombi  and  to  those  which  form  about  an  embolus. — Ball  thrombi  are  those 
which  are  loose  in  the  heart ;  thej^  result  from  the  detachment  of  polypoid  thrombi 
(heart  polj^ps) . — ^Thrombi  are  almost  always  adherent  to  the  wall  of  the  vessel 
from  which  they  spring.    They  may  increase  in  size  both  centrally  and  peripher- 
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all}',  but  generally  thoy  extend  in  the  direction  of  the  Ijlood-eurrent.  The 
advancing  end  of  a  thrombus  is  usually  bluntly  conical,  but  it  may  be  bevelled 
and  adherent  to  one  side  of  the  vessel;  if  it  projects  into  a  collateral  vessel  it 
may  be  broken  off  and  washed  into  the  circulation  as  an  embolus. 

Changes  ivhich  Thrombi  Undergo. — A  thrombus  is  at  first  soft  and  succulent. 
Later,  it  contracts  and  becomes  more  dry,  compact,  and  granular.  The  leuco- 
c}i;es  undergo  fatty  degeneration  and  the  red  cells  are  decomposed.  The 
haemoglobin  escapes  from  the  red  cells  and  is  dissolved  or  precipitated  as  ha^ma- 
toidin.  The  fibrin  becomes  more  prominent  and  of  a  coarser  texture,  and 
hyaline  material  often  makes  its  appearance.  What  might  be  styled  the  normal 
sequence  is  the  so-called  organization  of  a  thrombus.  The  clot  is,  of  course,  not 
organized,  but  is  simply  displaced  by  fibrous  tissue,  the  process  being  identical 
with  that  of  repair  elsewhere.  The  thrombus  becomes  firmly  adherent  to  the 
walls  of  the  vessel  and  induces  inflammatory  changes  in  these  walls.  The  vasa 
vasorum  dilate  and  leucoc}^es  immigrate  into  and  gradually  devour  the  clot. 
At  the  same  time  the  intima  becomes  covered  with,  granulations,  which  increase 
in  number  and  take  the  place  of  the  clot.  This  granulation  tissue  is  vascularized 
by  new  vessels  springing  from  the  vasa  vasorum  and  is  in  time  transformed  into 
firm  cicatricial  tissue.  This  cicatricial  tissue  contracts  and,  in  the  case  of  an 
occluding  thrombus,  may  convert  the  vessel  into  a  fibrous  cord.  In  other  in- 
stances an  occluding  thrombus  is  not  completely  organized,  but  contains  spaces 
which  communicate  with  the  blood-current  above  and  below.  Occasionally, 
by  the  absorption  of  the  partitions  between  such  spaces,  the  thrombus  is  canalized 
and  the  blood-current  restored.  The  time  necessary  for  the  organization  of  a 
thrombus  varies  widely.  In  favorable  cases  the  process,  in  small  vessels,  is  well 
advanced  within  a  week.  Poor  general  health,  extensive  disease  of  the  vessel- 
wall,  and  infection  retard  and  sometimes  prevent  the  organization  of  a  clot. 

Old  thrombi  are  sometimes  calcified.  Such  concretions  in  veins  are  called 
phleboliths,  and  in  arteries  arterioliths.  The  former  are  much  more  frequent, 
and  may  be  loosely  adherent  to  or  wholly  separate  from  the  walls  of  the  vessel. 
They  are  found  most  frequently  in  the  broad  ligaments  in  women,  and  about 
the  prostate  in  men. 

Softening,  or  liquefaction,  occurs  in  three  forms,  viz.,  simple  softening,  septic 
or  purulent  softening,  and  putrid  softening.  Simple  softening  is  seen  in  sterile 
thrombi.  The  interior  of  the  thrombus,  as  the  result  of  degeneration,  is  converted 
into  a  grayish  or  reddish  liquid  or  semisolid  material.  This  degeneration  is 
supposed  to  be  caused  by  a  femient.  Septic  or  purulent  softening  is  caused 
by  bacteria;  in  other  words,  the  thrombus  suppurates.  The  organism  most 
frequently  found  is  the  streptococcus.  With  septic  softening,  either  as  a  cause 
or  as  a  result,  occurs  a  suppurative  inflammation  of  the  walls  of  the  vessel;  hence 
the  terms  purulent  thrombo-phlebitis  and  purulent  thrombo-arteritis.  Softening 
of  a  thrombus  may  be  produced  by  the  bacteria  of  putrefaction  (putrid  soften- 
ing) as  well  as  by  pyogenic  bacteria.  Softening,  or  liquefaction,  in  any  of  the 
forms  mentioned  above,  when  extending  to  the  periphery  of  the  thrombus,  may  re- 
sult in  the  transportation  of  fragments  of  the  thrombus  as  emboH  to  distant  parts. 
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Localisatioti  of  Thrombi. — According  to  situation  thrombi  are  designated 
cardiac,  arterial,  venous,  and  capillar}-. 

Cardiac  thixjiubi,  although  of  great  interest  to  the  pathologist  and  inu'riii.-rt, 
are  of  no  practical  value  to  the  surgeon.  In  Welch's  classical  article  on  thj-om- 
bosis  and  embolism  in  Allbutt's  "Sj-stem  of  Medicine,"  from  which  we  have 
drawn  rather  freely  in  these  paragraphs,  the  subject  is  considered  in  great  detail. 

Arterial  thrombi  are  most  frequent  in  the  extremities,  the  lower  being  more 
often  affected  than  the  upper.  Crdike  the  veins,  the  arteries  are  occluded  as 
frequenth-  on  the  right  as  on  the  left  side.  Of  the  A-^ceral  arteries  in  which 
thromlx)sis  occurs,  the  mesenteric  hold  the  greatest  interest  for  the  siu-geon. 
Ajterial  thi'ombi  are  generally  caused  by  injury-,  by  locahzed  disease  of  the  vessel, 
or  by  the  impaction  of  an  emlx>lus.  The  surgeon  is  perhaps  most  familiar  with 
those  thrombi  which  are  the  result  of  endoarteritis  and  which  ai-e  found  in  the 
arteries  of  the  lower  extremity  in  senile  and  diabetic  gangrene.  Much  more 
rare  is  the  arteriothrombosis  caused  by  an  obhterating  arteriosclerosis,  which 
determines  the  so-called  spontaneous  gangrene.  In  those  cases  of  gangi'ene 
which  foUow  one  of  the  acute  infective  diseases,  such  as  t^iDhoid.  pnemnonia.  etc.. 
the  causative  lesion  is  an  arteriothrombus,  the  result  of  an  infective  endoarteritis 
or  the  lodging  of  an  embolus.  Thrombosis  of  the  arterioles  may  be  found  in 
RajTiauds  gangrene  and  in  ergot  gangrene.  Obliteration  of  arteries  by  throm- 
bosis, without  changes  in  the  arterial  wall  or  other  ob^iollS  cause,  has  been 
reported  by  Hutchinson  {Arch,  of  Surg.,  April,  189S),  and  others. 

Venous  thrombosis  is  that  form  of  the  disease  which  is  most  frequently  en- 
countered by  the  clinician.  Injuries,  pressure,  phlebitis,  varix.  and  perivascular 
inflammations  are  a  prolific  source  of  such  thrombi.  In  addirion  to  the 
thrombi  which  are  caused  by  these  local  conditions,  there  are  others  which  are 
due  to  general  causes  and  which  are  most  often  situated  in  the  veins.  The 
reasons  for  this,  according  to  TTelch,  are:  "The  slower  mean  speed  of  the 
blood  in  the  veins  than  in  the  arteries;  the  low  blood  pressure:  the  flow  from 
smaller  into  larger  channels:  the  absence  of  pulsation:  the  presence  of  valves: 
the  fixation  of  the  venous  waU  in  certain  situations  to  fasciae  and  bone:  the 
existence,  in  some  places,  of  wide  sinuses  and  ampullar  dilatation:  the  agency 
of  certain  subsidiaiy  forces,  such  as  muscular  contraction  and  movements  of  the 
limbs,  in  assisting  the  flow  in  the  veins:  the  composition  of  venous  blood, 
particularly  the  higher  content  of  CO..  and  perhaps  the  functions  of  the  capil- 
laries and  small  veins  in  the  production  and  absorption  of  hTuph."  In  thrombosis 
due  to  general  causes  the  initial  seat  of  the  thrombus  is  often  one  of  the  val^-ular 
pockets  near  the  root  of  a  limb,  and  not  the  smallest  veins  as  in  locahzed  septic 
processes.  That  thrombosis  should  begin  in  the  dilated  portion  of  a  vein  above 
a  valve  may  be  explained  by  the  eddying  motion  given  to  the  blood  in  this 
situation,  but  no  satisfactory  explanation  has  been  offered  for  the  preference 
shown  for  the  root  of  a  limb.  Unlike  arteriothrombosis.  thrombosis  of  the 
veins  is  most  frequent  on  the  left  side.  The  susceptibUity  of  the  left  lower 
limb  is  thought  to  be  due  to  the  greater  length  and  obhquity  of  tlie  left  com- 
mon iliac  vein,  the  current  in  which  may  be  hindered  by  the  pressure  of  the 
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rio;ht  common  iliac  artery,  under  which  it  passes.  It  is  crossed  also  by  the 
left  internal  iliac  artery  and  may  possibly  be  pressed  upon  by  a  loaded 
rectum.     Parmentier  *  calls  attention  to  the  greater  length  and  obliquity  of  the 

left  innominate  vein  as  a  factor  favoring 
thrombosis  in  the  left  upper  extremity.  (See 
Fig.  68.) 

Capillary  thrombi  are  usually  caused  by 
local  conditions,  such  as  injuries,  prolonged 
pressure,  corrosive  chemicals,  freezing,  bums, 
severe  inflammations,  etc.  The  capillaries 
are  ordinaril}^  not  plugged  with  thrombi 
when  the  larger  vessels  are  occluded,  unless 
gangrene  ensues. 

Effects  of  Thrombosis. — ^The  results  of 
thrombosis  vary  widely  with  the  situation 
and  the  extent  of  the  thrombus,  with  the 
rapidity  with  which  it  is  formed,  and  with 
the  condition  of  the  collateral  vessels.  Aside' 
from  the  general  symptoms,  which  depend 
mainly  on  the  nature  of  the  thrombus  {i.e., 
whether  it  is  septic  or  aseptic)  and  on  the 
possibility  of  embolism,  evidences  of  throm- 
bosis are  referable  chiefly  to  the  obstruction  of 
the  blood-stream.  A  small  thrombus  in  an 
unimportant  vessel,  and  even  an  extensive 
thrombus  in  an  important  vessel,  if  the  oc- 
clusion has  occurred  slowly  enough  to  give 
the  collateral  vessels  an  opportunity  to  dilate, 
may  give  no  clinical  manifestations.  Such, 
however,  is  not  the  case  in  the  latter  when  a  thrombus  is  quickly  formed ;  when 
the  collateral  vessels  are  incapable  of  dilatation  because  of  disease,  pressure,  car- 
diac weakness,  and  the  like;  or  when  the  vessel  is  a  terminal  artery,  i.e.,  an  artery 
having  no  collateral  anastomoses,  except  capillary,  with  adjacent  arteries — as, 
e.g.,  those  of  the  brain,  spleen,  and  kidney.  Under  these  circumstances  serious 
changes  in  the  part  supplied  or  drained  by  the  vessel  follow.  Such  changes  are 
due  to  anaemia  or  to  damming  back  of  the  blood,  according  to  whether  the  vessel 
involved  supplies  or  drains  the  affected  part.  In  order  to  avoid  repetition,  we 
shall  refer  the  reader  to  the  sections  on  Embolism  and  Contusions  of  Arteries  for 
the  symptoms  and  treatment  of  arterial  obstruction,  and  to  the  section  on 
Phlebitis  for  the  sjnuptoms  and  treatment  of  venous  obstruction.  Thrombotic 
gangrene  has  been  discussed  in  an  earlier  volume.  (Volume  II.)  Cardiac  and 
capillary  thromboses  we  shall  pass  over;  the  former  belonging  to  the  physician, 
the  latter  to  the  az'ticle  on  Gangrene  and  allied  conditions. 

Under  wounds  of  veins  we  shall  give  a  brief  summary  of  the  effects  of  ligation 

*  Arch.  gen.  de  med.,  July,  1889. 


Fig.  68. — Thrombosis  of  Inferior  Vena 
Cava  and  lUac  Veins  in  Typhoid  Fever. 
Typhoid  bacilli  were  recovered  in  enor- 
mous numbers  from  the  tlirombus. 
(Pennsylvania  Hospital  case.) 


THE  PERICARDIU:\I,   HEART,   AND   BLOOD-VESSELS.         183 

of  the  laruiT  veins  and  the  fixHiuency  with  which  ill  results  follow.  For  the 
differential  diagnosis  between  thrombosis  and  embolism  the  reader  is  referred 
to  the  section  on  Embolism.  (Page  189.)  Post-operative  thrombosis  is  dis- 
cussed under  Pulmonary  Embolism.     (Page  190.) 


IIL  EMBOLISM. 

Defixitiox. — Embolism  is  the  sudden  blocking  of  a  blood-vessel  by  a  foreign 
bod}''  which  has  been  brought  by  the  blood-stream  from  some  more  or  less  distant 
part.     The  foreign  bod}"  is  called  an  embolus. 

Nature  of  Emboli. — Emboli  are  usualh^  detached  portions  of  thrombi,  but 
they  may  be  vegetations  from  the  valves  of  the  heart,  detached  atheromatous 
plates,  fat  globules,  air  bubbles,  portions  of  tumors,  cells  from  some  of  the  nomial 
structures  of  the  body,  masses  of  bacteria,  or  parasites,  such  as  the  scolices  of 
the  echinococcus  and  the  filaria  sanguinis  hominis.  Various  forms  of  dust,  when 
inhaled,  ma}'  be  transported  by  the  blood-stream  to  distant  parts.  Workers  in 
wool,  jute,  and  mother-of-pearl  may  breathe  in  particles  of  these  substances, 
which  finally  lodge  in  the  medulla  of  bones  and  cause  sudden  painful  swellings 
at  or  near  the  ends  of  the  cUaphysis.  Particles  of  paraffin  which  has  been 
injected  for  cosmetic  purposes  may  float  off  into  the  blood-stream  as  emboli,  as 
may  also  particles  of  insoluble  preparations  of  mercury  wliich  have  been  injected 
Subcutaneously  for  therapeutic  purposes. 

Source  of  Emboli. — Emboli  ma}'  arise  in  any  portion  of  the  vascular  apparatus. 
Those  arising  in  the  heart  from  thi'ombi  or  diseased  valves  are  the  most  unportant 
and  the  most  frequent,  from  the  internist's  standpoint,  while  thrombosed  veins 
furnish  the  most  fruitful  source  of  emboli  from  the  surgeon's  standpoint.  Air 
embolism  and  fat  embolism  will  be  considered  separately.  Transportation  of 
tmiior  cells  b}'  the  blood-stream,  or  metastasis,  is  cUscussed  in  the  article  on 
"Tumors,"  and  a  full  description  of  metastatic  abscesses  wih  be  f omid  in  that  on - 
"Infections  Complicating  Surgical  Diseases'' — both  of  which  articles  are  in  Vol. 
I.  Mention  has  been  made  above  of  the  fact  that  inhaled  particles  may  find 
their  way  into  the  circulation  and  constitute  emboli.  In  a  similar  way  sub- 
stances introduced  into  the  gastro-intestinal  canal  may  be  taken  up  by  the 
blood-stream  and  deposited  in  the  tissues.  The  pigmentation  of  the  skin  in 
argyria  is  an  example  of  such  deposition. 

In  certain  bone  diseases — e.g.,  osteoporosis  and  osteomalacia — lime  salts  are 
transported  by  the  blood-stream  to  other  tissues,  notably  the  mucous  membranes 
of  the  lungs,  stomach,  and  kidneys. 

Emboli  arising  from  thrombi  vary  in  size  from  minute  particles  to  masses 
several  inches  long.  In  shape  the}^  may  be  spherical,  conical,  cylindrical,  or 
irregular.  Sometimes  a  thrombus  is  transported  bodily  as  an  embolus.  In 
the  case  of  a  bland  thrombus  that  portion  which  projects  from  a  branch  into  a 
larger  vessel  is  the  part  most  apt  to  become  detached.  Muscular  contractions, 
blows,  tight  bandaging,  and  bencUng  of  a  thrombosed  vessel,  as  at  the  groin,  may 
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force  a  portion  of  the  clot  into  the  general  blood-current.  The  pumping  ac- 
tion of  respiration  may  assist  in  the  detachment  of  venous  thrombi  close  to  the 
heart,  but  it  probably  has  little  effect  on  normally  adherent  thrombi  in  the  ex- 
tremities. The  various  forms  of  softening  which  throml^i  may  undergo  render 
them,  of  course,  very  liable  to  dissemination  by  the  blood-stream,  particularly 
when  the  softening  extends  to  that  portion  of  the  thrombus  which  is  ex- 
posed to  the  blood-current.  In  the  case  of  septic  thrombi  such  dissemination 
results  in  pyaemia. 

Seat  of  Impaction. — All  particles  floating  in  the  blood-stream,  when  they  are 
of  larger  calibre  than  the  capillaries,  become  impacted  in  some  portion  of  the 
vascular  apparatus.  The  site  of  deposit  depends  on  the  region  in  which  the 
embolus  originates.  Those  arising  in  the  area  drained  by  the  portal  vein  lodge 
in  the  liver;  those  arising  in  the  general  venous  circulation  pass  through  the  right 
heart  and  lodge  in  the  lungs;  and  those  which  come  from  the  left  heart  or  ascend- 
ing portion  of  the  aorta  may  lodge  in  any  portion  of  the  body.  There  are  certain 
exceptions  to  these  rules.  The  pulmonary  capillaries  are  sufficiently  large  to 
permit  the  passage  of  minute  emboli — z.g.,  small  tumor  cells,  air,  and  fat;  hence 
such  particles  brought  by  the  veins  may  be  washed  through  the  lungs  into  the 
left  heart  to  be  distributed  by  the  arteries.  Without  passing  through  the  capil- 
laries of  the  lungs,  however,  it  is  possible  for  an  embolus  originating  in  a  vein 
to  find  its  way  into  the  arterial  circulation  through  a  patent  foramen  ovale.  This 
crossed  or  paradoxical  embolism,  as  it  is  called,  has,  according  to  Welch,  been  ob- 
served in  twenty-eight  cases.  Muchmore  difficult  to  explain  and  of  rarer  occurrence 
is  retrograde  embolism,  i.e.,  the  transportation  of  particles  in  a  direction  opposite 
to  that  of  the  blood-current — as,  e.g.,  from  the  left  auricle  into  the  pulmonary 
veins,  or  from  the  veins  of  the  leg  into  those  of  the  kidney.  This  does  not  apply, 
of  course,  to  those  cases  in  which  the  current  in  a  vein  is  reversed  owing  to 
obstruction  to  its  normal  flow.  Retrograde  embolism  from  the  left  auricle  into 
the  pulmonary  veins  may  be  due  to  a  temporary  reversal  of  the  blood-current 
during  straining  and  coughing,  particularly  in  the  presence  of  mitral  regurgita- 
tion, but  it  is  difficult  to  understand  how  such  reversal  could  extend  to  the 
peripheral  veins.  Ribbert  believes  that,  with  a  feeble  venous  current,  emboli 
may  be  pushed  slowly  backward  by  pulse  waves  in  the  veins. 

The  vessel  chosen  by  an  embolus  and  the  distance  it  travels  in  such  vessel 
are  matters  which  are  influenced  by  several  factors.  Emboli  lodge  more  fre- 
quently in  the  right  lung  than  in  the  left,  because  the  right  pulmonary  artery 
is  the  larger.  The  lower  lobes  are  more  often  affected  than  the  upper  for  a 
similar  reason,  the  lower  branch  of  each  pulmonary  artery  being  the  larger. 
Emboli  originating  in  the  left  heart  are  more  often  swept  along  with  the  main 
current  in  the  aorta  than  into  the  vessels  of  the  head  and  neck ;  but,  when  they 
enter  the  latter,  the  left  carotid  is  usually  selected,  since  it  springs  directly  from 
the  apex  of  the  aortic  arch  and,  owing  to  its  direction,  is  more  parallel  with  the 
line  of  the  blood-current.  As  the  right  common  iliac  artery  presents  a  slightly 
greater  angle  ■with  the  aorta  than  the  left,  emboli  are  a  trifle  more  prone  to  enter 
the  latter. 
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'1'Ik'  oi-ilcr  of  l'r('(|ii('M('3'  in  which  cinboHc  nianifestatioiis  are  found  in  the 
different  arteri(>s  is,  according  to  Welch,  as  follows: — Pulmonary,  renal,  splenic, 
cerebral,  iliac  and  those  of  the  lower  extremities,  axillary  and  those  of  the  upper 
extremities,  ccrliac  axis  with  its  gastric  and  hepatic  branches,  central  artery 
of  the  retina,  sui)erior  mesenteric,  inferior  mesenteric,  abdominal  aorta,  and 
coronary  of  the  heart.  As  Welch  observes,  this  list,  like  similar  ones,  does  not 
give  the  frequency  with  which  the  various  arteries  receive  emboli,  as  it  is  based 
on  embolic  manifestations  only.  He  believes  that  the  arteries  of  the  lower 
extremity  are  more  often  recipients  of  emboli  than  the  splenic  or  the  renal ; 
small  plugs  in  the  former  leave  no  evidence  of  their  existence,  in  the  latter  they 
alwaj'S  do.  If  one  considers  septic  emboli  only,  the  hepatic  artery  would  come 
nearer  the  head  of  the  list  and  the  cerel^ral  much  lower. 

The  exact  site,  in  the  course  of  a  vessel,  at  which  an  embolus  lodges  depends 
principally  upon  the  size  of  the  embolus  and  the  force  of  the  blood-stream.  The 
smaller  the  mass  and  the  swifter  the  current,  the  further  the  embolus  will  be 
carried.  In  addition  to  these  considerations  impaction  is  most  likely  to  occur 
where  the  lumen  of  the  vessel  is  suddenly  diminished — e.g.,  at  the  point  where 
a  large  branch  is  given  off  or  where  bifurcation  takes  place.  In  the  latter 
situation  an  embolus  which  projects  into  both  branches  is  called  a  riding  or 
straddling  embolus. 

Results  of  Embolism.— Under  this  heading  w^e  shall  first  consider  the  fate  of 
the  embolus  itself,  and  the  changes  it  may  induce  at  the  seat  of  impaction,  aside 
from  those  resulting  from  obstruction  to  the  blood-stream.  An  embolus,  after 
lodging  in  an  artery,  induces  a  secondary  thrombosis,  which  completes  the 
closure  of  the  vessel,  if  such  has  not  already  taken  place  at  the  time  of  impaction. 
The  mass  may  then  be  regarded  as  a  thrombus,  for  the  subsequent  changes  are 
identical  with  those  described  under  thrombosis.  During  the  process  of  organ- 
ization, when  the  thrombus  is  being  absorbed  and  its  place  taken  by  granulation 
tissue,  non-absorbable  foreign  bodies,  if  minute,  may  be  enveloped  by  the 
leucocytes  and  subsequentl}^  transported  to  the  liver,  spleen,  or  bone  marrow. 
Non-absorbable  substances  too  large  for  such  treatment  are  surrounded  by 
granulation  tissue,  which  subsequently  becomes  fibrous  and  so  encapsulates  the 
foreign  bodies.  When  living  tumor  cells  are  transported  as  an  embolus  the}^ 
may  continue  to  proliferate  and  so  give  rise  to  metastatic  gro^^^hs.  Animal 
parasites  may  perish  and  be  absorbed  or  encapsulated;  if  they  survive  they 
develop  in  the  vessel  or,  after  haA'ing  penetrated  the  vessel  walls,  in  the  surround- 
ing tissues.  In  the  horse,  aneurysms  are  not  infrequently  produced  in  the  anterior 
mesenteric  arteries  by  the  Strongylus  armatus.  Emboli  charged  with  bacteria 
may  undergo  the  septic  liquefactive  changes  already  mentioned  under  Thrombosis 
and  allow  further  dissemination  of  the  infection.  Under  favorable  conditions 
the  transported  bacteria  resume  their  activity  and  produce  changes  identical 
with  those  at  the  original  point  of  infection.  In  this  way  are  caused  many  of 
the  metastatic  abscesses  in  pyaemia.  Bacteria,  of  course,  may  enter  the  circula- 
tion and  be  distributed  to  various  parts  of  the  body  without  the  aid  of  blood-clot 
or  other  accompanying  cellular  material.     On  the  other  hand,  all  emboli  con- 
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taining  bacteria  are  not  infective  in  their  behavior,  as  has  been  abundantly 
proved  by  bacteriological  examination  of  supposedly  bland  emboli.  Inflamma- 
tion, abscess  foraiation,  and  gangrene  are  the  most  important  changes  caused  by 
infective  emboli.  Embolic  aneurysms  were  supposed  by  Ponfick  to  be  due  to 
wounding  of  the  vessel  wall  by  the  impact,  particularly,  of  a  calcareous  embolus. 
It  is  now  thought  that  such  aneurysms  are  caused  by  a  softening  of  the  vessel 
wall,  as  the  revsult  of  the  activity  of  bacteria  derived  from  the  embolus.  (See 
Aneurysm,  page  263.) 

The  changes  in  the  parts  supplied  by  an  embolized  artery  are  those  resulting 
from  the  acute  anaemia.  Such  changes  vary  with  the  part  affected  and  with  the 
condition  of  the  collateral  circulation.  An  embolus  lodging  in  the  pulmonary 
or  the  middle  cerebral,  or  in  a  coronary  artery  of  the  heart,  may  cause  the  sudden 
death  of  the  individual;  in  the  central  artery  of  the  retina,  blindness;  in  the 
principal  artery  of  a  limb,  gangrene;  and  in  the  superior  mesenteric  artery, 
hemorrhagic  infarction  and  sloughing  of  the  intestine.  In  parenchymatous 
organs  the  anaemic  area  undergoes  coagulation  necrosis.  The  more  highly 
specialized  the  cells  in  the  part  involved,  the  more  quickly  and  certainly  is  acute 
anaemia  followed  by  death  of  these  cells.  The  ganglion  cells  of  the  central 
nervous  system  are  said  to  be  incapable  of  resuscitation  after  being  deprived  of 
blood  for  as  short  a  time  as  half  an  hour.  According  to  Litten,  temporary  ligation 
of  the  renal  artery  for  from  one  to  two  hours  causes  an  inevitable  necrosis 
of  many  of  the  epithehal  cells.  In  contradistinction  to  the  susceptibility  of 
parenchymatous  cells  to  acute  anaemia  stand  the  cells  of  those  tissues  whose 
function  is  simply  to  support  or  to  protect.  The  surgeon  is  familiar  with  the 
viability  of  skin  and  bone,  both  of  which  may  be  completely  detached  from  their 
vascular  connections  and  yet  survive  after  being  transplanted  to  another  region. 

Serious  changes  do  not  follow  the  impaction  of  an  aseptic  embolus  in  a  small 
artery  in  a  region  supplied  by  large  and  numerous  anastomosing  vessels — e.g., 
in  bones,  skin,  and  voluntary  muscles.  In  organs  supphed  by  terminal  arteries, 
local  death  is  inevitable.  Although  the  intestinal  arteries  are  not  terminal, 
their  occlusion  by  embolism  is  regularly  followed  by  gangrene  of  that  portion  of 
the  bowel  which  is  supplied  by  the  affected  vessel.  "  Immediately  after  closure 
of  the  main  trunk  of  the  superior  mesenteric  artery  of  a  dog,  the  intestine  is 
thrown  into  violent  tonic  contractions  and  remains  in  an  anaemic  contracted 
condition  for  two  or  three  hours;  after  which  the  spasm  relaxes  and  the  blood- 
less condition  at  once  gives  place  to  venous  hyperaemia  and  hemorrhagic  infarc- 
tion, which  appear  in  the  third  to  the  sixth  hour  after  the  occlusion  of  the  artery. 
(Mall  and  Welch.)  This  intestinal  contraction,  which  under  these  circumstances 
is  equivalent  to  arterial  spasm,  is  probably  one,  although  not  the  sole  reason 
why,  in  spite  of  free  anastomoses,  occlusion  of  the  arteries  supplying  the  intes- 
tine is  followed  by  necrosis  and  hemorrhage.  That  the  explanation  is  not  to  be 
found  simply  in  the  great  length  of  intestine  supplied  by  a  single  artery,  is  evi- 
dent from  the  fact  that,  if  the  extra-intestinal  arteries  supplying  a  loop  more  than 
5  cm.  in  length  be  suddenly  closed,  the  loop  becomes  hemorrhagic  and  necrotic. 
(Mall  and  Welch,  Bier.)     That  the  conditions  are  essentially  identical  in  man  is 


THE  PERICARDIUM,   HEART,   AND  BLOOD-VESSELS.         187 

pi()\('ii  ])v  the  oxi)t>i-ic'nct>  of  surgeons,  who  have  repeatedly  observed  the  same 
results  after  separation  of  the  mesentery  close  to  the  intestine  over  about  the 
same  length.  The  blood  can  enter  at  each  end  of  the  short-loop  arteries,  whose 
branches  anastomose  freely  within  the  walls  of  the  loop  with  those  of  the  closed 
artery,  there  being  a  particularly  rich  arterial  plexus  in  the  submucous  coat. 
(Helku-.)  But  these  anastomoses  are  insufficient  to  preserve  the  part;  although, 
with  reference  to  the  extent  of  territory  to  be  supplied,  they  are  large  in  com- 
parison with  some  of  the  trivial  anastomoses  which  in  external  parts  can  respond 
effectively  to  the  call  for  a  collateral  circulation  to  far  larger  areas."  (Welch.) 
It  is  probable  that  similar  spasmodic  contractions  occur  in  other  muscular 
structures  when  deprived  of  blood,  and  that  these  contractions  markedly  in- 
terfere with,  or — as  in  the  intestine — wholly  prevent,  the  entrance  of  blood  into 
the  affected  area  for  hours  after  the  impaction  of  an  embolus. 

The  condition  of  the  collateral  vessels  has  a  large  influence  upon  the  results 
of  occlusion  of  an  artery,  particularly  in  the  extremities.  If  the  vessels  are 
narrow  and  inelastic  as  the  result  of  atheroma,  they  are  incapable  of  meeting  the 
demand  which  is  suddenly  made  upon  them  to  carry  more  blood,  and  the  part 
falls  into  gangrene.  The  same  result  follows  if  these  vessels  have  been  destroyed 
by  an  injury  or  pressed  upon  by  extra vasated  blood,  exudate,  cicatricial  tissue, 
tumors,  deformities,  and  like  conditions.  If,  on  the  other  hand,  the  collateral 
vessels  are  normal,  or,  better,  if  they  are  abnormally  dilated  as  the  result  of  lesions 
e.g.,  aneurysm,  tumors,  etc.,  which  interfere  with  the  passage  of  blood  through 
the  main  vessel,  the  sudden  demand  for  more  blood  is  promptly  met  and  the 
affected  part  sufficiently  nourished  to  maintain  its  vitality.  Even  with  abundant 
collateral  vessels,  however,  it  is  necessary  that  the  blood  be  propelled  with 
sufficient  force  to  supply  the  undernourished  tissues;  otherwise,  death  of  the 
part  ensues.  Hence  the  greater  danger  of  serious  consequences  of  embolism  in 
old  age,  during  convalescence  from  an  infectious  disease,  during  the  progress 
of  an  exhausting  malady,  in  chronic  cardiac  and  pulmonary  affections,  and  in 
parts  whose  circulation  is  already  sluggish  as  the  result  of  conditions  like  varicose- 
veins  and  aneurysm.  In  a  word,  the  factors  which  influence  the  results  in 
embolized  areas  are  the  character  of  the  cells  in  the  affected  part,  the  number, 
size,  and  elasticity  of  the  collateral  vessels,  spasmodic  muscular  contractions  in 
the  region  deprived  of  blood,  and  the  force  of  the  circulation. 

In  the  absence  of  an  efficient  collateral  circulation  the  part  beyond  dies. 
Such  death  is  called  gangrene  in  the  extremities  and  on  the  surface  of  the  body, 
and  may  be  either  dry  or  moist,  according  to  the  quantity  of  fluid  in  the  tissues 
at  the  time  of  death.  The  shape  of  the  gangrenous  area  rarely  corresponds  to 
that  of  the  affected  portion  of  the  arterial  tree,  owing  to  the  fact  that  at  least  a 
portion  of  this  tree  is  irrigated  by  adjacent  vessels.  In  the  viscera  the  necrotic 
area  is  called  an  infarct,  and  is  wedge-shaped  or  conical,  with  the  base  toward  the 
periphery  of  the  organ.  Gangrene  terminates  in  death  of  the  individual,  or  in 
separation  of  the  dead  part  from  the  living  by  ulceration,  the  line  between  the 
living  and  the  dead  tissues  being  called  the  line  of  demarcation.  An  infarct  may 
remain  bloodless  (white  or  anaemic  infarct)  or  it  may  become  infiltrated  with 
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blood  (red  or  hemorrhagic  infarct)  which  comes  from  adjacent  capillaries  and 
passes  through  the  altered  vessel-walls  of  the  part.  Ancemic  infarcts  are  most 
common  in  the  spleen,  heart,  kidneys,  and  retina;  hemorrhagic  infarcts  in  the 
Imigs  and  intestine.  In  either  case  coagulation  necrosis  occurs,  i.e.,  the  inter- 
cellular lymph  and  the  cellular  protoplasm  undergo  coagulative  changes.  The 
area  of  necrosis  is  soon  surrounded  by  a  zone  of  inflammatory  tissue,  which 
generates  granulation  tissue.  This  granulation  tissue  gradually  replaces  the 
infarct,  which  undergoes  absorption,  the  area  finally  being  occupied  by  scar 
tissue,  which  may  be  pigmented  in  a  hemorrhagic  infarct,  or  calcified,  especially 
in  the  limgs.  Infarcts  in  the  brain  frequently  form  cysts.  If  the  embolus  is 
septic  the  infarct  undergoes  moist  septic  gangrene  or  forms  an  abscess  (metastatic 
abscess).  The  same  result  may  follow  when  an  aseptic  infarct  is  subsequently 
infected. 

Symptoms. — ^^Ve  intend  here  to  give  merely  the  symptoms  referable  to  the 
occlusion  of  arteries,  and  not  those  which  depend  upon  the  presence  of  l^acteria, 
parasites,  or  li\dng  tumor  cells.  The  latter  are  dealt  with  in  other  portions  of 
the  work.  It  need  hardly  be  said  that,  in  many  parts  of  the  body,  small  bland 
emboli  give  no  symptoms.  The  lodging  of  an  embolus  is  generally  thought  to  be 
attended  by  sudden  severe  pain  at  the  point  of  impaction.  In  none  of  the  cases 
of  occlusion  of  the  arteries  of  the  extremities  which  we  have  observed  has  there 
been  marked  pain  at  the  seat  of  obstruction;  rather  has  it  been  referred 
to  the  area  from  which  the  blood  has  been  excluded,  hence  due  to  the  acute 
anaemia.  Perhaps,  if  the  initial  pain  in  an  embolism  of  the  ^dsceral  arteries 
could  be  definitely  localized,  such  would  be  found  to  correspond  ^^ith  the  in- 
farcted  area  rather  than  with  the  seat  of  embolism.  AMiether  or  not  the  impac- 
tion itself  causes  pain,  the  ischaemic  area,  if  supplied  with  sensory  nen'-es,  sub- 
sequently becomes  the  seat  of  severe  pain.  In  viscera  \\'ithout  sensory  nerves 
the  pain  is  due  to  involvement  of  the  serous  coat.  In  mesenteric  embolism  the 
pain  is  probably  due  at  first  to  the  violent  tetanic  contractions  of  the  intestine 
to  which  attention  was  called  above,  and  later  to  the  peritonitis  which  follows 
gangrene  of  the  bowel.  In  a  case  of  embolism  of  the  abdominal  aorta  mider  our 
care  the  initial  pain  w^as  so  severe  and  so  situated  that  the  condition  was  at  first 
thought  to  be  hepatic  colic. 

Pallor  is  a  symptom  which  can  be  observed  in  superficial  tissues  onh'.  If  the 
collateral  circulation  fail,  it  is  succeeded  by  the  discoloration  of  gangrene. 

Pulsation  fails  in  the  vessel  and  its  branches  beyond  the  embolus,  and  is,  at 
least  theoretically,  of  greater  amplitude  than  nonual  above  the  obliterated  point. 
Absence  of  pulsation  is  a  valuable  sign,  not  only  in  obstiTiction  of  superficial 
vessels,  but  also  in  obliteration  of  any  vessel  which  has  superficial  branches— 
as,  e.g.,  the  aorta,  the  subclavian,  and  the  iliac.  Direct  palpation  of  the  hardened 
vessel  is  possible  only  when  it  lies  near  the  surface.  Increase  in  the  size  and 
number  of  the  collateral  vessels  can  be  detected  after  a  time  when  such  are 
superficial.  A  rise  in  the  general  blood-pressure  always  accompanies  the  sudden 
occlusion  of  a  large  artery.  This  rise  of  pressure  is  greatest  at  the  time  of 
occlusion  and  gradually  diminishes  "udth  the  establishment  of  a  collateral  circula- 
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tiou.  A^'ll('Il  the  abdominal  aorta  is  suddenly  obstructed,  the  rise  in  l>lood- 
pressurt>  is  ver}^  niari^ed  and  may  be  manifested  by  cyanosis,  epistaxis,  htema- 
temesis,  blood  in  the  stools,  etc.,  and  by  signs  of  acute  dilatation  of  the  heart 
and  oedema  of  the  lungs. 

The  temperature  of  the  ischa?mic  area,  when  situated  in  the  extremities,  falls 
below  the  normal,  and,  if  gangrene  follows,  it  falls  to  that  of  the  surrounding 
atmosphere.  In  the  same  situation,  even  in  the  presence  of  pain,  sensation  be- 
com(\s  obtunded,  the  degree  depending  upon  the  intensity  of  the  antemia.  In 
the  event  of  gangrene  complete  ana?sthesia  ensues,  although,  just  as  happens 
after  amputation,  sensation  may  still  be  referred  to  the  affected  part. 

Paresis  and  later  paralysis  occur  in  voluntary  muscles  whose  blood-supply 
is  cut  off.  Thus,  in  the  limbs,  movement  is  impossible.  After  embolism  of 
the  superior  mesenteric  artery  there  are,  at  first,  a  violent  contraction  of  the 
bowel  and,  later,  paralysis  with  distention,  fecal  vomiting,  and  constipation. 
Hence  the  diagnosis  of  intestinal  obstruction  in  many  of  these  cases.  After 
embolism  of  the  abdominal  aorta  the  bowel  and  bladder  may  both  be  paralyzed. 
We  should  not  fail  to  mention,  however,  that  embolism  of  either  the  abdominal 
aorta  or  the  superior  mesenteric  artery  may  be  followed  by  bloody  diarrhoea. 
Besides  blood  in  the  stools  and  hsematemesis,  hemorrhage,  as  a  manifestation 
of  embolism,  may  show  itself  externally  as  haemoptysis  in  pulmonary  infarction 
and  as  haematuria  in  renal  infarction. 

The  remaining  symptoms  of  embolism  are  referable  to  the  impairaient  of 
special  functions,  and  hence  vary  widelj^  with  the  part  involved.  We  shall,  on 
a  later  page,  consider  pulmonary  embolism  following  operations.  In  the  section 
on  Contusion  of  Arteries  we  shall  briefly  review  the  effects  of  occlusion  of  the 
carotid  artery,  but,  for  the  details  of  cerebral,  as  well  as  spinal,  cardiac,  hepatic, 
splenic,  and  kidney  infarction,  we  shall  refer  the  reader  to  works  on  internal 
medicine.  Embolism  and  thrombosis  of  the  mesenteric  vessels  are  discussed 
in  that  part  of  the  work  which  is  devoted  to  abdominal  surgery.  Embolism  of 
the  retinal  vessels,  with  its  sudden  blindness  and  characteristic  ophthalmoscopic 
picture,  can  be  properly  dealt  with  onl}^  by  the  ophthalmologist.  The  effects  of 
obliteration  of  the  arteries  of  the  extremities  we  have  given  in  some  detail  under 
Contusion  of  Arteries.  Of  interest  in  connection  with  the  subject  of  embolism 
is  the  frequency  of  serious  results  following  the  ligation  of  large  arteries,  a  resimie 
of  which  will  be  found  in  the  section  on  Wounds  of  Arteries  and  in  Yol.  IV. 

DiFFEKENTIAL  DIAGNOSIS  BETWEEN  EmBOLISM  AND  ThROJVIBOSIS. The  mOSt 

important  points  to  be  considered  in  differentiating  thrombotic  from 'embolic 
occlusion  of  an  artery  are  the  rapidity  of  onset,  the  duration  of  the  sjmiptoms, 
the  condition  of  the  collateral  vessels,  and  the  finding  of  a  lesion  which  might 
induce  thrombosis  or  be  the  source  of  embolism.  Sudden  and  extensive  mani- 
festations of  acute  anaemia  in  the  territorj^  irrigated  bj^  an  arter}^  point  to 
embolism ;  the  gradual  onset  of  such  sjmiptoms,  particularly  if  limited  in  extent, 
suggests  thrombosis.  It  should  be  recalled,  however,  that  an  embolus  which 
does  not  at  first  completely  block  an  arteiy,  may  simulate  a  thrombus,  and  that 
in  a  rapidly  forming  thrombus  the  symptoms  may  appear  vdih  the  characteristic 
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abruptness  of  embolism.  If  the  symptoms  quickly  improve,  the  condition  is 
more  likely  embolism,  because  the  collateral  vessels  at  the  onset  of  embolism  are 
of  normal  size  and  may  by  prompt  dilatation  meet  the  dc^mand  made  upon  them 
for  more  blood.  When,  however,  an  artery  is  gradually  occluded,  the  collateral 
vessels  progressively  dilate,  so  that  by  the  time  the  stream  of  blood  is  completely 
interrupted  they  are  no  longer  capable  of  supplying  the  immediate  and  extensive 
dilatation  which  is  further  required  for  nourishing  the  affected  part;  hence  the 
symptoms  are  permanent  or  disappear  only  slowly.  If,  therefore,  the  collateral 
vessels  are  found  enormously  enlarged  when  the  S5miptoms  first  appear,  one 
might  properly  conclude  that  the  condition  is  one  of  thrombosis. 

The  finding  of  the  lesion  responsible  for  the  thrombus  or  embolus  is  some- 
times difficult,  sometimes  impossible.  The  sources  of  emboli  have  been  enumer- 
ated above;  the  lesions  producing  thrombosis  will  be  found  under  Thrombosis. 
Embolism  is  so  much  more  frequent  than  thrombosis  in  the  arteries,  that,  in  the 
absence  of  a  definite  cause  for  thrombosis,  the  diagnosis  of  embolism  is  generally 
made,  even  though  the  source  of  the  embolus  cannot  be  ascertained. 

Treatment. — The  prophylactic  treatment  of  embolism  is  given  below  in  the 
section  on  Pulmonary  Embolism  after  operation  and  in  the  section  on  Phlebitis. 
The  measures  to  be  taken  in  order  to  prevent  gangrene  in  embolism  of  the 
arteries  of  the  extremities  are  identical  with  those  given  on  a  later  page  in 
describing  the  treatment  of  arterial  thrombosis  following  injury.  In  the  same 
section  is  mentioned  the  possibility  of  removing  an  embolus  in  an  accessible 
region.  Embolism  of  the  mesenteric  arteries  is  treated  by  laparotomy  and 
removal  of  the  gangrenous  bowel,  if  such  be  possible.  At  least  two  successful 
operations  for  this  condition  have  been  reported.  (Brunner,  in  Deutsche 
Zdtschriftf.  Chir.,  Bd.  LXXXIX,  No.  6.)  The  treatment  of  other  forms  of 
visceral  infarction  falls  within  the  province  of  the  physician,  if  we  exclude  the 
incision  of  secondary  abscesses  and  the  removal  of  organs  whose  main  artery 
of  supply  is  completely  plugged — as,  e.g.,  the  spleen  and  the  kidney. 

Different  Forms  of  Embolism. 

Pulmonary  Embolism. — Pulmonary  emboli  originate  in  the  right  heart  or 
in  any  portion  of  the  general  venous  circulation.  The  materials  of  which  such 
emboli  may  be  composed  have  been  mentioned  on  a  previous  page.  At  present 
we  have  in  mind  only  detached  portions  of  bland  venous  thrombi,  particularly 
those  occurring  after  operations  and  injuries.  Septic  pulmonary  infarction 
belongs  to  the  article  on  ''Infections  which  sometimes  Occur  in  Various  Surgical 
Diseases  and  Conditions."     (Vol.  I.) 

The  injuries  which  are  particularly  liable  to  be  complicated  by  embolism  are 
those  which  are  accompanied  by  excessive  hemorrhage  and  those  which,  like 
fractures,  are  associated  with  a  hsematoma  or  an  extensive  extravasation  of 
blood,  thus  combining  pressure  with  the  diffusion  of  fibrin  ferment.  Embolism 
is  favored  after  labor  by  the  increased  coagulability  of  the  blood  at  this  time,  by 
the  trauma  of  childbirth,  by  the  wide  veins  of  the  uterus,  and  by  the  contractions 
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of  this  organ.  As  a  matter  of  course,  any  injury  or  disease  in  which  phlebitis 
appears  may  be  compHcated  by  embolism.  (See  Phlebitis.)  \'aricose  veins 
always  present  the  possibility  of  thrombosis  and  subsequent  embolism.  For 
the  blood  disorders,  acute  infective  diseases,  cachectic  states,  and  other  conditions 
in  which  thrombosis  and  consequently  embolism  may  occur,  we  shall  refer  the 
reader  to  the  section  on  Thrombosis. 

The  operations  which  are  most  frequently  followed  by  thrombosis  and 
embolism  are  those  involving  venous  plexuses — e.g.,  varicocele  of  the  spermatic 
cord  or  broad  ligament,  and  varix  of  the  lower  extremit}^;  those  perfomied  on 
ansemic  patients — especially  hysterectomy  for  bleeding  fibroids;  and  those 
w^hich,  like  abdominal  section,  necessitate  a  prolonged  recumbent  posture. 
According  to  various  statistics  thrombosis  of  the  lower  extremity  occurs  in  from 
1  to  4.64  per  cent  of  all  abdominal  operations,  and  of  these  about  30  per  cent 
follow  hysterectomy  for  fibroma,  15  per  cent  oophorectomy,  10  per  cent  appendi- 
citis, and  0  per  cent  operations  on  the  kidneys.  If  we  \iew  the  question  from 
another  standpoint,  we  find,  among  727  operations  for  fibroids  of  the  utems, 
over  2|  per  cent  followed  by  phlebitis  (Schenck) ,  and,  of  3,334  appendicectomies, 
almost  0.9  per  cent  followed  by  phlebitis.  (Haward.)  In  Cordier's  232  cases  of 
post-operative  thrombosis  6  had  limg  complications  and  3  others  died  suddenly. 
In  1,140  laparotomies  analyzed  by  Albanus  23,  or  a  little  more  than  2  per  cent, 
showed  signs  of  pulmonary  embolism,  and  of  these  10  died.  Baldy  had  13 
sudden  deaths  in  366  cases  after  operations  for  fibroids  of  the  uterus.  Haward 
foimd  7  cases  of  pulmonar}^  embolism  in  3,334  operations  for  appendicitis.  The 
danger  of  injecting  coagulating  fluids  into  venous  tmnors,  of  introducing  par- 
affin for  cosmetic  pm*poses,  and  of  the  hypodermic  use  of  mercur^^  in  s}^hilis 
should  be  recalled  in  this  place.  Some  of  the  cases  of  post-operative  thrombo- 
sis are  midoubtedly  due  to  infective  phlebitis,  but  that  aU  tkromboses  after 
operation  are  due  to  bacteria,  as  some  sm'geons  suggest,  is  manifestly  riding 
fashion  too  hard.  Of  the  232  cases  of  post-operative  tlii'omboses  of  the  lower 
limb  collected  by  Cordier,  166  were  clean  cases,  and  in  56  no  mention  of  sepsis 
or  asepsis  was  made.  We  believe  that  most  of  the  thromboses  following  asep- 
tic operations  are  due  to  non-bacterial  changes  in  the  blood  and  to  slowing  of 
the  blood-current. 

All  operations  and  injuries  in  which  veins  are  severed  are  necessarily  followed 
by  thrombosis,  for  such  is  nature's  method  for  controlling  hemorrhage.  This 
"thrombosis  insensibihs,"  as  Witzel  calls  it,  extends  to  the  next  bran&h  above 
or  to  the  place  where  the  blood  flows  with  its  normal  force.  Here  the  blood- 
stream continually  abrades  the  end  of  the  thrombus  imtil  it  is  organized,  the 
little  particles  which  are  washed  from  the  thrombus  passing  into  the  general 
circulation  and  causing  no  trouble.  This  normal  or  physiological  embohsm, 
which  belongs  to  the  healing  of  all  wounded  blood-vessels,  Witzel  calls  ''embolia 
insensibilis."  If  conditions  favorable  for  the  production  of  thrombosis  exist 
(for  which  see  Thrombosis),  the  clot  extends,  successively  invohlng  larger  veins 
(progressive  thrombosis),  until  it  makes  its  presence  knoAMi  b}''  sjTiiptoms.  As 
these  are  identical  T\1th  those  of  thrombo-phlebitis,  we  shall  defer  their  enumera- 
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tion  until  we  take  up  this  subject.  A  thrombus  \\hieh,  in  its  extension,  exceeds 
normal  limits,  but  which  gives  no  clinical  signs  of  its  existence,  is  called  a  latent 
thrombus.  Such  thrombi  have  been  responsible  for  most  of  the  cases  of  pul- 
monary embolism  occurring  in  our  own  practice.  We  offer  two  reasons  for  this: 
— First,  without  clinical  manifestations  of  thrombosis,  no  precautions  are  taken 
against  embolism;  secondly,  a  latent  thrombus  which  is  just  extending  into  a 
large  vein,  without  as  yet  completely  occluding  it,  is  more  readily  washed  away 
than  an  extensive  adherent  clot  which  blocks  the  same  vein  and  its  branches 
and  produces  symptoms.  In  one  case,  after  an  operation  for  non-suppurative 
appendicitis,  we  had  symptoms  of  pulmonary  embolism  at  the  end  of  the  first 
week  and  the  appearance  of  phlebitis  of  the  left  lower  extremity  at  the  end  of 
the  second  week.  We  have  already  mentioned  the  preference  thrombosis  exhibits 
for  the  veins  of  the  lower  extremity  and  have  given  the  reasons  advanced  for 
this  preference.  Cordier  found  that,  in  232  cases  of  post-operative  thrombosis, 
the  left  leg  was  involved  in  213,  the  right  in  11,  and  both  in  8  cases.  When  the 
thrombosis  is  the  result  of  a  direct  extension  of  a  perivascular  septic  process  the 
veins  involved  are,  of  course,  those  in  the  immediate  vicinity  of  the  wound. 

Symptoms. — From  the  standpoint  of  symptomatology  emboli  lodging  in  the 
lungs  may  be  divided  into  three  classes,  according  to  their  size.  We  speak  of 
the  effects  of  embolism  per  se,  and  not  of  the  septic  processes  which  follow 
infective  emboli. 

1.  Minute  emboli  cause  no  symptoms;  indeed,  as  we  have  already  indicated, 
"emixilia  insensibilis "  may  be  regarded  as  a  normal  process  after  wounds  of 
vessels. 

2.  Emboli  large  enough  to  block  a  medium-sized  branch  of  the  pulmonary 
arteiy  may  be  followed  by  trifling  or  serious  symptoms,  according  to  the  condition 
of  the  pulmonary  circulation.  If  the  force  of  the  blood-stream  is  vigorous  and 
the  lungs  normal,  infarction  does  not  occur,  owing  to  the  number  and  large  size 
of  the  capillaries  through  which  the  area  supplied  by  the  blocked  vessel  is 
promptly  nourished.  If,  however,  the  lungs  are  already  diseased  or  the  pulmo- 
nary circulation  sluggish,  hemorrhagic  infarction  may  occur.  This  appears 
suddenly  and  often  at  a  later  period  than  the  large  emboli  to  be  mentioned  below. 
It  presents  the  same  symptoms  and  signs  as  pleuropneumonia.  Bloody  expec- 
toration as  a  symptom  of  hemorrhagic  infarction  of  the  lung  may  be  absent  and 
necrosis  of  the  infarct  does  not  necessarily  follow.  It  is  not  improbable  that 
many  of  the  pulmonary  symptoms  appearing  as  a  pleurisy  or  mild  pneumonia, 
most  often  within  a  few  days  or  a  week  after  operation,  are  in  reality  due  to 
embolism. 

3.  A  large  embolus  occluding  the  pulmonary  artery  generally  causes  instan- 
taneous death.  The  same  result  may  follow  the  plugging  of  one  of  its  main 
branches,  or  the  patient  suddenly  complains  of  severe  pain  about  the  heart  and 
dyspnaa  and  dies  within  a  few  minutes.  If  the  vessel  is  not  completelj^  blocked 
life  may  be  prolonged  for  hours  and  occasionally  for  days.  Indeed,  in  a  few 
instances  recovery  has  followed  the  appearance  of  even  the  most  alaraiing  symp- 
toms.    In  these  cases,  in  addition  to  the  precordial  distress  and  dyspnoea,  the 
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respirations  are  rapid,  the  face  cyanotic,  the  eyes  protruding,  the  pupils  dilated, 
the  cervical  veins  swollen,  and  the  pulse  quick,  weak,  and  perhaps  irregular. 
The  patient. is  restless,  covered  with  cold  sweat,  and  scents  death.  In  other 
cases  there  is  delirium  or  coma,  and  sometimes  convulsions  occur.  In  the  early 
stages  physical  examination  of  the  chest  may  reveal  nothing  abnormal;  later, 
signs  of  trdema  of  the  lungs  appear.  If  we  exclude  operations  involving  the 
major  veins,  emboli  of  sufficient  size  to  block  the  large  pulmonary  vessels  rarely 
occur  before  the  second  or  third  week  and  seldom  after  the  sixth  week.  The 
accident  not  infrequently  follows  some  movement  or  pressure  on  the  thrombosed 
vein,  most  often  sitting  up  in  bed,  which  necessitates  acute  flexion  of  the  groin. 

Treatment. — Although  so  little  can  be  done  after  an  embolus  has  been 
thrown  into  the  circulation,  much  may  be  accomplished  in  preventing  this 
accident.  All  those  measures  which  are  taken  before  operation  to  improve  the 
general  condition  of  the  patient  act  in  a  prophylactic  manner  toward  thrombosis 
and  embolism.  Particularly  important  is  attention  to  the  heart  and  lungs,  if 
they  are  functionally  impaired.  During  operation  asepsis,  careful  hsemostasis, 
avoidance  of  bruising  the  tissues,  particularly  veins,  by  tearing  or  by  the  vigorous 
use  of  retractors,  protection  of  the  patient  from  cold,  covering  exposed  viscera 
with  hot  compresses — all  these  are  measures  of  importance  against  thrombo- 
embolism. Bandages  applied  too  tightly  should  be  avoided.  After  operation, 
shock  should  be  combated  and  the  normal  functions  resmned  as  quickly  as 
possible;  i.e.,  the  secretions  should  be  attended  to,  the  bowels  moved  daily,  the 
regular  diet  reached  at  an  early  period,  and  the  patient  allowed  out  of  bed  as 
soon  as  possible.  When  the  patient  must  remain  in  bed  for  a  long  time  centri- 
petal massage  may  be  given  and  movements  of  the  arms  and  legs  encouraged. 
Witzel  has  the  window  open  and  orders  the  patient  to  take  breathing  exercises; 
if  deep  breathing  cannot  be  practised  because  of  pain,  he  advises  small  doses  of 
morphine.     Cardiac  stimulants  should  be  given  if  the  circulation  is  sluggish. 

In  order  to  prevent  thrombosis  Lennander  suggests  raising  the  foot  of  the 
bed  after  abdominal  operations,  to  favor  the  return  flow  of  blood,  particularly 
in  the  presence  of  cardiac  asthenia  or  varices.  In  cases  in  which  conditions  are 
favorable  for  a  progressive  thrombosis,  some  of  the  substances  likely  to  diminish 
the  coagulability  of  the  blood,  which  we  have  mentioned  under  Thrombosis, 
may  be  administered.  Special  mention  should  be  made  of  citric  acid,  which 
Wright  and  Knapp*  found,  in  36-grain  doses  three  times  daily,  to  have  a  marked 
influence  in  lessening  the  clotting  power  of  the  blood  during  typhoid  fever.  They 
suggest  also  decalcifying  milk  by  adding  to  each  pint  from  twenty  to  forty  grains 
of  citrate  of  soda.  Before  progressive  thrombosis  makes  itself  known  by  local 
signs  there  may  be  a  step-like  increase  in  the  pulse  rate,  with  normal  temperature 
(Mahler's  symptom).  This  sign  would  be  of  great  importance  for  an  early 
diagnosis  were  it  not  that  the  pulse  is  influenced  by  so  many  other  conditions 
and  that  the  sign  is  by  no  means  always  present.  After  thrombosis  has  declared 
itself  the  part  should  be  kept  absolutely  quiet,  the  patient  being  warned  against 
any  sudden  movement.     Tight  bandaging,  inunctions,  and  massage  should  be 

*  Trans,  of  Royal  Med.  and  Surg.  Soc,  vol.  Ixxxvi.,  1903. 
VOL.  VII.— 13 
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avoided.  Even  palpation  of  the  gentlest  sort  is  attended  with  danger.  (See 
treatment  of  Phlebitis.)  Cardiac  stimulants  should  be  administered  if  the 
circulation  is  poor,  in  order  to  maintain  an  active  flow  of  blood  through  the 
lungs  and  to  encourage  "embolia  insensibilis."  Sitting  up  and  walking  are  not 
absolutely  safe  until  the  end  of  six  weeks  from  the  beginning  of  the  process. 

The  treatment  of  embolic  pneumonia  differs  in  no  way  from  that  of  ordinary 
pneumonia.  In  blocking  of  the  pulmonary  artery  or  one  of  its  large  branches, 
if  the  patient  survive  long  enough,  cardiac  stimulants,  oxygen,  and  perhaps 
bleeding  may  be  employed. 

Trendelenburg  *  suggests  the  removal  of  thi'ombi  from  the  pulmonary 
artery,  if  the  patient  lives  long  enough  for  such  procedure,  by  introducing  a 
syringe  into  the  pulmonary  artery  through  an  incision  in  the  conus  arteriosus, 
after  thoracotomy.  He  tried  this  operation  on  an  old  woman,  but  was  imable 
to  chaw  the  heart  forward  because  of  pericardial  adhesions.  At  the  autops}^ 
the  embolus,  which  was  10  cm.  long  and  almost  as  thick  as  a  finger,  was  found 
in  the  left  pleural  cavity,  whether  as  the  result  of  the  '4ieart-pump,"  or  not, 
could  not  be  ascertained.  Trendelenburg  f  later  gives  the  following  as  a 
more  simple  and  certain  procedure:  "A  tongue-shaped  flap,  8  to  10  cm.  long, 
is  made  under  the  left  clavicle,  with  the  base  at  the  left  margin  of  the  sternum. 
The  upper  edge  corresponds  with  the  under  edge  of  the  first  rib,  the  lower  with 
the  upper  border  of  the  third  rib.  A  portion  of  the  second  rib,  extending  out- 
ward from  the  sternum  a  distance  of  from  6  to  7  cm.,  is  resected.  If  this  does 
not  give  enough  room,  the  third  rib  is  included.  Through  the  open  pleural 
cavity  the  pericardium  is  incised  at  the  level  of  the  third  rib,  care  being  taken 
to  avoid  the  phrenic  nerve.  The  incision  is  extended  above  until  the  whole 
upper  half  of  the  pericardium  is  opened.  The  edges  of  the  pericardium  are  then 
drawn  toward  the  external  wound  with  forceps,  while  an  olive-tipped,  curved 
sound  is  passed  sidewise  alongside  of  the  pulmonary  artery  and,  with  a  screwing 
motion,  is  pushed  through  the  sinus  pericardii  transversus  behind  the  pulmonary 
artery  and  aorta  until  its  head  reaches  the  sternum.  The  pulmonary  artery  is 
compressed  against  the  sound  with  a  finger,  after  the  anterior  wall  of  the  artery 
is  freed  from  the  visceral  layer  of  the  pericardium  and  from  fat.  The  arter)'  is 
then  incised  and  the  embolus  withdrawn  with  polypus  forceps,  which  may,  if 
necessary,  be  passed  into  the  branches  of  the  artery  to  a  depth  of  from  6  to  8 
cm.  The  wound  is  clamped  with  bent  forceps  in  such  a  way  that  the  edges  of 
the  arterial  wound  project  a  few  millimetres  beyond  the  forceps.  The  com- 
pression on  the  artery  is  now  removed,  the  wound  in  the  vessel  is  sutured,  and 
the  clamp  is  removed."  In  animals  the  artery  was  compressed  for  from  one 
to  two  minutes  without  seriously  interfering  with  the  movement  of  the  heart. 
Sievers  {  removed  two  emboli — one  21  cm.  long  and  10  to  12  mm.  in  diameter, 
and  the  second  15  cm.  long  and  7  to  9  mm.  in  diameter — from  the  pulmonary 
arteries  of  a  woman^  twenty  minutes  after  the  onset  of  the  symptoms.     He 

*  Centralblatt  f.  Chir.,  1907,  No.  44,  p.  1302. 
fCentralblatt  f.  Chir.,  1908,  No.  4,  p.  92. 
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used  the  last  inetliod  described  by  Trendi'leiiburg.  The  operation  was  tcniii- 
nated  without  cUfficuhy  and  the  patient  lived  fifteen  hours. 

Air  Embolism. — As  we  have  never  had  the  misfortune  to  meet  with  this 
surgical  catastrophe  we  shall  base  the  following  paragraphs  largely  upon  a 
recent  study  of  this  subject  by  Delore  and  Duteil* 

Historical  Sketch. — Since  the  middle  of  the  seventeenth  century  various 
experimenter  have  caused  death  in  anmials  by  the  introduction  of  air  into  the 
veins.  Beauchene,  in  1818,  was  the  firet  to  publish  a  case  in  the  hmnan  being, 
the  accident  occurring  during  the  removal  of  a  large  tumor  in  -^-hich  the  external 
jugular  vein  was  accidentally  opened.  In  1707  ]\Iery  reported  a  case  of  death 
from  air  embolism,  but  the  observation  is  generalh'  discredited.  In  1839 
Amussat  was  able  to  collect  thirty-two  cases,  and  m  1864  Green  gathered  sixty- 
seven  cases.  After  the  introduction  of  general  anaesthesia  the  accident  became 
very  much  less  frequent,  o'^ing  to  the  abolition  of  the  struggles  and  ciying  of 
the  patient,  which  could  but  tend  to  facihtate  the  entrance  of  air  into  an  open 
vein.  The  tying  of  veins  before  the}'  are  cut  or  before  their  immediate  seizure 
with  haemostatic  forceps  after  they  are  cut,  also  has  rendered  air  emboHsm 
exceechngl}'  rare.  Indeed,  at  the  present  time  the  accident  is  a  surgical  curiosity 
and  some  have  doubted  even  its  existence.  It  is  quite  probable  that  a  number 
of  the  deaths  from  so-called  air  embolism  were  due  to  shock,  the  anaesthetic,  or 
clot  embolism.  AVelcli  calls  attention  to  the  importance  of  a  bacteriological 
examination  incases  in  which  gas  is  found  in  the  circulatory  apparatus  at  autopsy, 
as  such  gas  may  be  generated  after  death  iDy  the  bacillus  aerogenes  capsulatus 
or  other  gas-proclucing  organism.  In  1SS9  Hare  introduced  large  quantities  of 
air  into  the  veins  of  animals  without  fatal  consequences — quantities  which  were 
larger  than  could  possbily  enter  during  a  modern  surgical  operation.  It  seems 
to  have  been  proved  that  more  depends  upon  the  rapidity  ^^ith  wliich  the  air 
entere  than  upon  its  c^uantity. 

Etiology. — Air  may  pass  into  the  veins  during  the  aclmioistration  of  an 
intra-uterine  douche  after  labor,  during  intravenous  infusion,  and  especially 
during  operations  at  the  base  of  the  neck  when  the  veins  are  gaping  either  from 
pathological  change,  anatomical  disposition,  or  the  result  of  the  traction  force 
of  aspuation.  Cases  are  cited  which  have  followed  cut-thi"oat  and  venesection. 
The  amount  of  au  wliich  might  be  mtroduced  into  a  vem  by  the  orcUnary 
hj^odermic  s^Tinge  woLild  probably  be  insufficient  to  cause  serious  trouble. 
The  symptoms  occmTuig  in  caisson  disease  are  attributed  by  some  to  the  for- 
mation of  nitrogen  bubbles  in  the  blood.  Janeway  beUeves  that  the  cerebral 
phenomena  which  sometimes  follow  migation  of  the  pleural  cavity  in  emp}'- 
ema  may  be  due  to  air  embohsm.  Le^in  and  Goldschmidt  have  demonstrated 
the  possibihty  of  air  emboHsm  after  the  injection  of  air  into  the  bladder.  The 
"dangerous  zone"  is  the  base  of  the  neck  and  the  apex  of  the  axilla,  as  here 
the  suction  power  of  the  thorax  dm'ing  mspiration  is  more  marked  than  any- 
where else  m  the  body.  Fmlhermore,  the  veins  of  the  neck  are  more  or  less 
fixed  by  the  fasciae  which  they  traverse  and  they  remain  gaping  when  severed. 

*Rev.  de  chir.,.  1905.  p.  229. 
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This  arrangement  i.s  evidently  intended  to  resist  atmospheric  pressure  dm-ing 
diastole  of  the  right  auricle  and  expansion  of  the  thorax.  In  about  half  the 
cases  the  internal  jugular  is  the  vein  affected.  Next  in  order  of  frequency- 
come  the  external  jugular  and  then  the  axillary  or  one  of  its  branches.  Cases 
of  death  following  the  entrance  of  air  into  the  dural  sinuses,  facial,  median, 
and  internal  saphenous  veins  also  have  been  reported,  as  well  as  several  ap- 
parently certain  cases  following  labor.  Delore  *  reports  a  case  which  oc- 
curred during  a  hysterectomy.  Low  f  had  a  sudden  death  from  air  embolism 
during  the  puncture  of  a  liver  abscess,  the  cannula  having  been  introduced 
into  a  large  vein.  In  the  dog  Fischer  found  that  in  a  large  wound  of  the  in- 
ternal jugular  at  the  base  of  the  neck  the  entrance  of  air  is  constant,  and  almost 
constant  in  a  similar  wound  of  the  axillary.  Wounds  of  the  external  jugu- 
lar and  femoral  were  not,  however,  followed  by  such  accident.  Wounds  of 
the  external  iliac  and  even  of  the  inferior  vena  cava,  according  to  Delore  and 
Duteil,  are  not  followed  by  the  aspiration  of  air,  even  when  the  wound  is  made 
to  gape  by  means  of  a  cannula.  On  placing  a  cannula  in  a  vein,  after  bleeding 
the  animal,  they  observed  the  entrance  of  small  doses  of  air,  causing  cyanosis, 
agitation,  and  an  augmentation  of  the  venous  pressure,  which  forced  the  blood 
out  through  the  cannula,  thus  arresting  the  aspiration.  ^Yhen  the  animal 
became  calm  the  same  phenomena  were  again  observed.  They  were  never  able 
to  obtain  death  in  this  fashion.  '\Anien,  however,  a  large  quantity  of  air  (40  to 
60  c.c),  was  introduced  by  means  of  a  syringe,  death  followed  in  from  one  to  two 
minutes.  They  conclude  that  the  anaemia  consecutive  to  hemorrhage  favors 
the  introduction  of  air  into  the  veins,  but  only  in  doses  insufficient  to  cause 
death.  '  The  rigidity  of  the  walls  of  a  vein  as  the  result  of  phlebitis,  or  as  the 
result  of  adhesion  to  tumors  or  perivenous  inflammatory  masses,  also  favors  the 
inspiration  of  air.  The  veins  may  be  made  to  gape  also  by  the  surgeon — as,  for 
instance,  by  traction  on  tumors,  extension  of  the  head,  and  abduction  of  the 
ann  in  axillary  dissections.  Finally,  in  anaemia,  in  which  the  mass  of  blood  is 
diminished  while  the  capacity  of  the  vessels  remains  the  same,  the  entrance  of 
air  is  greatly  facilitated.  It  is  not  so  much  hemorrhage  during  operation  which 
creates  this  danger  as  it  is  repeated  hemorrhages  previous  to  operation.  In 
the  former  case  the  passage  of  blood  from  the  vessel  prevents  the  entrance  of  air. 
Pathology. — The  cause  of  death  has  been  explamed  in  several  ways.  Mor- 
gagni,  and  subsequently  others,  believed  that  bubbles  of  air  are  carried  to  the 
brain  as  emboli  and  that  interference  with  the  functions  of  the  cerebrum  is  the 
primary  cause  of  death.  In  support  of  this  theory  attention  is  called  to  the 
fact  that  in  many  cases  the  heart  continues  to  beat  for  a  certain  length  of  time 
after  the  cessation  of  respiration  and  the  production  of  unconsciousness.  Nysten, 
Nicaise,  and  others  have  demonstrated,  however,  that  the  pulmonary  capillaries 
offer  an  ahnost  insuperable  obstacle  to  the  passage  of  air  to  the  arteries,  and 
they  find  in  overdistention  of  the  right  auricle  sufficient  reason  for  death.  Against 
this  theory  is  lodged  the  fact  that  it  would  require  a  forced  injection  of  air  to 
raise  the  intra-auricular  pressure  to  such  a  degree  as  to  prevent  contraction  of 
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the  auricle.  L'nder  other  circuinstanees  the  air  has  never  a  pressure  superior 
to  that  of  the  venous  tension.  Moreover,  the  cHnical  fact  remains  that  the 
heart  continues  to  beat  after  other  vital  functions  have  been  abolished.  D'Etiolles 
thought  that  the  air  which  is  driven  into  the  pulmonary  capillaries  ruptures 
them,  thus  producing  an  emphysema  which  compresses  the  neighboring  capillaries 
and  arrests  the  pulmonary  circulation.  Couty.  however,  was  imable.  in  twenty- 
eight  autopsies,  to  demonstrate  emphysema  in  a  single  instance.  Boerhaave, 
in  particular,  advanced  the  theory  that  the  presence  of  air  prevents  the  move- 
ments of  the  blood,  because  the  bubbles  do  not  pemiit  the  liquid  particles  to 
communicate,  and  hence  prevent  the  transmission  of  the  impulse  given  by  the 
heart  and  the  great  arteries.  Passet  and  Hauer  foimd  abundant  explanation 
for  death  in  air  embolism  of  the  pulmonar}^  arteries,  claiming  that  the  frothy 
mixture  cannot  be  driven  through  the  pulmonaiy  capillaries.  Expeiimentally, 
the  great  difl&culty  of  forcing  frothy  fluid  through  a  capillar}*  tube  is  easily 
demonstrated,  but  several  experimenters  have  proved  that  air  injected  into  an 
artery  may  appear  in  the  veins  and  vice  versa.  Couty 's  explanation  is  as  follows: 
— The  air  passes  into  the  right  auricle  and  ventricle,  which  it  distends.  The 
force  of  the  contractions  remains  the  same,  but  the  resistance  augments  with 
the  smiace  of  the  distended  walls :  hence  the  auriculo- ventricular  contractions 
become  incomplete,  particularly  in  the  auricle,  and  the  cardiac  orifices  dilate. 
The  air  is  pimiped  into  the  limgs  and  backward  into  the  veins,  insufficient  blood 
reaches  the  brain,  and  fatal  s^iicope  ensues.  Recently  (1903).  Frangois-Franck. 
as  the  result  of  experimentation,  came  to  the  following  conclusions: — A  large 
Cjuantity  of  air  introduced  into  the  veins  accmnulates  first  in  the  amicle.  then  in 
the  ventricle,  both  of  which  it  distends.  The  air  is  then  mixed  T\ith  the  blood 
and  passes  into  the  pulmonary  aitery  and  back  into  the  veins.  The  reflux  of 
frothy  blood  into  the  veins  results  from  the  contractions  of  the  ventricle  as  well 
as  from  those  of  the  auricle,  since  the  tricuspid  orifice  is  dilated.  The  froth 
passes  backward  along  the  veins  to  the  neiwous  centres,  bubbles  being  fomid  in 
the  finest  of  the  capillaries.  At  the  same  time  the  spiunous  blood  passes  into 
the  coronar}'  veins  and  through  the  puhnonar}'  circulation  to  the  left  heart  and 
the  arteries.  Death,  however,  is  not  due  to  mechanical  obstruction  to  respira- 
tion. Through  the  arteries  the  froth  is  projected  to  the  neiwous  centres,  the 
veins  of  which  are  already  filled  vdxh  the  same  material,  and  an  acute  anaemia 
follows.  The  myocardiiun  perishes  as  the  result  of  air  embofism  of  the  coronary- 
vessels. 

The  Sympto:\is. — The  first  sign  to  attract  attention  is  a  whistling,  hissing, 
sucking,  or  gurghng  sound,  which  may  be  accompanied  by  the  appearance  of 
bubbles  in  the  woimd.  Such  sounds,  however,  are  not  imcommon  during 
operations  on  the  axilla,  the  base  of  the  neck,  and  the  abdomen,  or  in  fact  in  any 
region  in  which  a  tense  layer  of  tissue  is  divided,  thus  allowing  air  to  pass  beneath 
it.  In  these  cases,  however,  there  are  no  symptoms.  At  the  base  of  the  neck 
hissing  may  be  due  also  to  accidental  wounding  of  the  pleura.  Before  the  days 
of  anaesthesia,  immediately  after  the  suction  soimd  the  patient  would  give  a 
cry  of  agony,  see  death  approaching,  and  be  seized  in  the  throes  of  a  con^iilsion 
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or  rapidly  fall  into  syncope,  with  pale  and  livid  face,  dilated  pupils,  eyes  turned 
upward,  and  often  foam  covering  the  lips.  Now  the  picture  is  less  dramatic. 
The  respirations  become  rapid  and  noisy,  the  pulse  (|uick  and  weak,  and  a 
gurgling  sound  is  occasionally  heard  over  the  heart,  which  continues  to  beat  for 
some  time  after  the  arrest  of  the  respiration  and  pulse.  Epileptiform  convulsions 
sometimes  occur,  and  death  follows  in  a  few  minutes  or  perhaps  not  for  several 
hours.  Occasionally  death  takes  place  suddenly  and  quietly  without  even  the 
initial  bruit.  Again,  cases  have  been  reported  in  which  death  has  not  occurred 
for  several  days.  Poncet,  in  1904,  reported  a  case  at  the  Lyons  Medical  Society 
in  which,  during  the  opening  of  a  deep  abscess  of  the  neck,  air  entered  the  veins. 
The  patient  died  fifteen  days  later  with  bizarre  circulatory  and  respiratory 
symptoms.  At  the  autopsy  bubbles  of  air  were  found  in  the  heart  and  large 
veins.  The  accident  is  not  always  fatal,  however,  and,  according  to  Fischer, 
the  patient  in  about  half  of  these  cases  recovers.  A  few  who  have  escaped  the 
immediate  dangers  have  perished  at  a  later  period  from  pneumonia. 

The  Treatment. — Certain  precautions  should  habitually  be  taken  when  one 
operates  in  the  dangerous  zone.  The  wound  should  always  be  large  enough  to 
permit  careful  dissection,  and  the  patient  should  be  fully  anaesthetized,  so  that 
there  shall  be  no  struggling.  Instead  of  cutting  and  tying,  one  should  tie  and 
cut;  in  other  words,  whenever  possible,  the  vessels  should  be  isolated  by  blunt 
dissection  and  secured  by  a  ligature  before  being  severed.  Bleeding  vessels 
should  be  caught  at  once  with  haemostatic  forceps.  The  structures  should  not 
be  torn  apart,  as  the  veins  are  thin-walled  and  easily  injured.  The  fact  should 
also  be  recalled  that  traction  empties  a  vein,  so  that  it  may  be  quite  unrecogniz- 
able and  thus  be  severed  for  an  adhesion  or  a  band  of  fascia.  In  doubtful 
cases  the  band  should  be  treated  as  a  blood-vessel.  All  cervical  veins,  except 
the  finest,  should  be  permanently  secured  by  a  ligature,  and  forcipressure  should 
not  be  depended  upon,  as  such  is  unreliable,  owing  to  the  increased  intravenous 
pressure  in  this  region  when  the  patient  vomits,  cries,  or  strains  during  the  recov- 
ery from  anaesthesia.  Murphy  places  a  gauze  tampon  beneath  the  sternal  at- 
tachment of  -the  sternomastoid  muscle,  in  order  to  render  the  veins  prominent 
and  prevent  the  clanger  of  negative  pressure.  Theoretically,  at  least,  goitre 
operations  under  local  anaesthesia  predispose  to  air  embolism.  A  hissing  sound 
always  demands  immediate  pressure  with  the  finger  or  a  sponge  and  careful 
investigation  to  determine  its  cause. 

In  the  actual  presence  of  air  embolism  the  finger  or  a  sponge  should  be 
immediately  pressed  over  the  opening  in  the  vein,  in  order  to  prevent  the  entrance 
of  more  air.  The  vein  may  then  be  caught  with  haemostatic  forceps  and  ligated 
at  a  later  period.  It  has  been  suggested  that  the  wound  be  filled  with  salt 
solution  so  that  air  may  be  excluded,  but  this,  of  course,  would  not  check  con- 
tinued bleeding  from  the  peripheral  segment  of  the  vein.  As  soon  as  the  opening 
has  been  secured,  artificial  respiration  should  be  instituted,  if  needed,  and 
stimulants  administered  hypodermatically.  The,  proposal  to  keep  the  wound 
closed  while  inspiration  is  made,  and  to  allow  it  to  gape  during  expiration,  is,  of 
course,  impracticable.     On  theoretical  grounds  it  has  been  advised  to  raise  the 
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patient  to  a  sitting  posture,  in  order  to  allow  the  air,  which  is  lighter  than  the 
blood,  to  escape  from  the  wound  in  the  vein.  This  also  is  a  procedure  which 
would  be  more  harmful  than  useful,  as  it  would  contribute  to  the  anamia  of  the 
nervous  centres,  hasten  the  respirations,  and  thus  encourage  the  entrance  of  more 
air.  Whether  the  patient  should  be  bled  or  not,  is  a  question  on  which  surgeons 
differ;  if  such  is  desirable  to  relieve  the  embarrassed  right  heart,  one  of  the  veins 
at  the  bend  of  the  elbow  should  Ije  selected.  Several  authors  have  suggested  the 
removal  of  the  air  which  has  gained  entrance  to  the  circulator)^  apparatus. 
Magendie  introduced  a  tube  into  the  injured  vein  and  perfomied  aspiration. 
Begouin  injected  into  the  veins  of  animals  a  quantity  of  air  which,  as  he  had  ex- 
perimentally determined  in  other  animals,  would  cause  death.  He  then  plunged 
the  needle  of  an  aspirator  into  the  right  ventricle  and  was  able  to  save  the  life 
of  the  animal  and  demonstrate  the  escape  of  air  by  allowing  it  to  pass  through 
a  layer  of  lic|uid.  Delore  and  Duteil  suggest  that  the  needle  be  introduced  into 
the  auricle,  since  it  suffers  most  from  the  distention  in  consequence  of  its  thin 
walls.  For  this  purpose  the  needle  should  be  introduced  in  the  third  left  inter- 
space, about  1.5  cm.  from  the  border  of  the  sternum,  in  order  to  avoid  injuring 
the  internal  mammary  artery;  and,  as  soon  as  the  thoracic  wall  has  been  passed, 
the  needle  is  pushed  on  obliquely  toward  the  middle  line.  Although  the  edge 
of  the  lung  may  be  punctured,  the  wound  is  so  small  that  no  ill  consecjuences 
need  be  feared.  The  right  am'icle  has  been  pimctured  in  several  instances, 
with  success,  for  acute  pulmonary  cedema  (AVestbrook,  Levy,  Dana)  and  once 
for  air  embolism;  and,  in  the  case  reported  by  Delore  and  Duteil,  large  Cjuan- 
tities  of  air  mixed  with  blood  were  removed  with  a  Potain  aspirator,  but  the 
heart,  ceased  to  beat  soon  afterward. 

Fat  Embolism. — Historical  Sketch. — Although  obstruction  of  the  vessels 
of  the  lungs  and  other  organs  by  fat  was  spoken  of  by  Magendie  as  early  as  1827, 
and  although  Mueller,  in  1860,  reported  a  case  of  nephritic  amblyopia  in  which 
the  choroid  vessels  were  filled  with  oil  globules,  the  first  case  of  veritable  fat  em- 
bolism was  not  reported  until  1S62,  when  Zenker  foimd  the  pulmonary  vessels 
loaded  with  fat,  in  a  man  who  died  after  multiple  fractm-es  associated  w^ith  rup- 
ture of  the  liver  and  stomach.  In  the  same  yea.T  Wagner  published  two  cases 
which  occurred  during  pysemia  and  which  led  him  to  believe  that  fat  embolism 
and  pyaemia  were  intimately  associated;  but  in  1865,  as  the  result  of  a  study  of 
forty-eight  cases  collected  from  the  literature,  and  of  the  experiments  of  von 
Bergmann  (1863),  he  became  convinced  that  the  association  was  only  accidental. 
It  remained,  however,  for  Busch,  in  1870.  to  give  the  first  accurate  description 
of  fat  emboHsm,  based  largely  on  anunal  experiments  carried  out  imder  the 
chrection  of  von  Recklinghausen.  In  1895  Groube  *  stated  that  there  could  be 
foimd  in  the  literature  the  reports  of  211  cases.  Carrington  states  that  276 
cases  have  been  reported  up  to  1908  (Thesis  for  prize  offered  by  Chair  of  Surgery 
at  Jefferson  Medical  College,  1908),  in  only  40  of  which  the  diagnosis  was  con- 
firmed by  careful  autopsy  b}^  a  competent  pathologist. 

Etiology. — Fat  is  a  normal  constituent  of  the  blood  in  the  proportion  of 

*Rev.  de  chir.,  July,  1895. 
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from  one  to  three  parts  to  the  thousand.  It  is  physiologically  increased  in 
amount  during  digestion,  in  obesity  and  pregnancy,  and  in  the  nursling,  and 
is  found  in  pathological  quantities  in  many  diseases,  among  which  are  gout, 
arteriosclerosis,  diabetes  mellitus,  menstrual  suppression,  many  acute  fevers, 
chronic  alcoholism,  chronic  nephritis,  splenitis,  tuberculosis,  poisoning  by 
phosphorus,  potassium  chlorate,  and  carbon  monoxide,  and  in  certain  diseases 
of  the  heart,  hver,  and  pancreas.*  Lipsemia,  occurring  in  the  conditions  men- 
tioned above,  does  not  cause  sufficiently  extensive  fat  embolism  to  induce  symp- 
toms, although  at  autopsy,  particularly  in  cases  of  diabetes  and  atheroma, 
capillaries  have  been  observed  filled  with  oil  globules. 

It  is  probable  that  all  extensive  injuries  involving  fatty  tissues  are  accom- 
panied by  an  increased  amount  of  fat  in  the  blood,  but  such  is  rarely  of  sufficient 
quantity  to  cause  trouble.  Fat  embolism,  recognizable  as  such  clinically,  is 
most  frequently  seen  after  fractures  and  inflammation  of  long  bones,  owing  to 
the  disturbance  of  the  medulla,  but  it  may  occur  likewise  after  injuries  or  in- 
flammation of  any  tissue  containing  fat.  Of  177  cases  of  fat  embolism  cited 
by  Scriba,  51.5  per  cent  were  caused  by  fractures  of  bones,  14  per  cent  by  acute 
and  chronic  inflammatory  lesions  of  bones,  11  per  cent  by  suppuration  of  the 
soft  parts,  7  per  cent  by  injuries  of  the  soft  parts,  7  per  cent  by  degenerations 
of  the  osseous  medulla,  and  2  per  cent  by  lesions  of  the  fatty  tissue  within  the 
abdomen.  Of  the  276  cases  collected  by  Carrington,  60.8  per  cent  were  caused 
by  fractures.  Amputations,  resections,  bloodless  orthopedic  manipulations 
(e.g.,  breaking  joint  adhesions),  and  operations  which,  like  excision  of  the  breast, 
involve  masses  of  fatty  tissue,  are  among  the  surgical  procedures  which  have 
been  followed  by  fat  embolism.  It  is  said  to  occur  also  after  child-birth,  owing 
to  injury  to  the  pehdc  fat.  Old  thrombi  which  have  undergone  fatty  degenera- 
tion may  be  the  origin  of  emboli  containing  large  quantities  of  fat.  The  condi- 
tion is  rare  in  infants  and  in  old  age,  most  cases  occurring  between  the  twentieth 
and  fiftieth  years,  and  is  three  times  more  frequent  in  men  than  in  women,  owing 
to  the  greater  exposure  of  the  former  to  injuries. 

Pathology. — After  injuries  fat  passes  into  the  blood-stream  either  directly 
through  wounds  in  the  veins  or  indirectly  through  the  l}Tnphatics.  In  either 
case  the  process  is  aided  by  the  pressure  of  extravasated  blood  or  inflammatory 
infiltration.  Certain  authors  doubt  the  possibility  of  embolism  caused  by  fat 
which  has  reached  the  blood  through  the  lymphatics,  regarding  the  lymph 
nodes  as  effective  barriers  against  such  accident.  The  occasional  occurrence 
of  fat  embolism,  however,  at  a  time  when  the  wounds  in  the  veins  are  sealed 
with  clot,  seems  to  favor  the  view  that  sufficient  fat  can  enter  the  circulation 
through  the  lymphatics  to  cause  embolism.  Perhaps  the  oil  globules,  when 
excessively  numerous,  reunite  after  passing  through  the  l5Tiiph  nodes  and  thus 
give  rise  to  vascular  plugging.  At  any  rate,  fat  once  in  the  blood-stream  passes 
through  the  right  heart  and  lodges  in  the  lungs,  here  gi^ang  rise  to  sjonptoms 
much  like  those  of  other  emboli.  The  occurrence  of  septic  processes  in  fat 
embolism  is  purely  accidental  and  depends  upon  the  presence  of  micro-organisms, 
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as  the  fat  itself  is  not  irritating.  Owing  to  the  non-adhesive  character  of  oil 
globules  and  the  large  size  of  the  pulmonary  capillaries,  fat  is  readily  forced 
through  the  lungs  to  the  left  heart,  whence  it  is  distributed  to  all  parts  of  the 
body,  being  taken  up  by  the  tissues,  oxidized  in  the  blood,  or  passed  out  of  the 
body  in  the  excretions,  especially  the  urine.  "\ATien  death  follows,  it  is  caused 
by  pulmonary  a^dema,  cerebral  embolism,  or  plugging  of  the  coronary  arteries. 
The  Symptoms. — As  already  indicated,  fat  embolism  may  be  latent.  As 
is  the  case  with  air,  it  is  probable  that  a  large  quantity  of  fat  must  be  introduced 
into  the  circulation  in  a  short  time  in  order  to  produce  serious  s}Tnptoms..  L'nlike 
clot  embolism,  which  is  usually  postponed  a  week  or  longer  after  an  operation 
or  an  injuiy,  fat  embolism  commonly  occurs  within  from  thirty-six  to  seventy- 
two  houi-s.  Occasionally,  however,  the  accident  does  not  supervene  for  many 
days.  The  symptoms  resemble  in  many  respects  those  produced  by  other  forms 
of  emboh.  ^Mien  a  large  quantity  of  fat  is  suddenly  washed  into  the  pulmonary 
vessels,  rapid  death  may  follow,  with  s\Tnptoms  similar  to  those  of  clot  em- 
boHsm.  If  the  quantity  is  smaller,  there  are  severe  pain,  dyspncea,  hurried, 
shallow  respirations,  cyanosis,  and  sometimes  hsemoptysis.  xA.t  the  onset 
the  body-temperature  is  apt  to  be  subnormal,  but  later  it  ascends.  The  physical 
signs  are  at  fii-st  indefinite ;  there  may  be  a  normal  percussion  note,  restriction 
of  the  respirator}'  excursions,  and  coarse  rales ;  if  the  patient  surxives,  the  later 
signs  are  those  of  consolidation.  If  the  oil  globules  are  forced  through  the 
pulmonary'  capillaries,  there  may  be  fat  in  the  urine  or  total  suppression  of  urine, 
and  sjTuptoms  of  embolism  of  the  brain  (con\Tilsions,  paralysis,  coma,  etc.).  As 
might  be  expected,  less  severe  s\Tnptoms  are  caused  when  the  quantity  of  fat 
is  stiU  smaller,  and  in  most  of  these  cases  fat  embolism  is  never  considered  by 
the  attending  physician.  If,  in  the  presence  of  pulmonary  symptoms  after 
operation  or  injury-,  fat  can  be  demonstrated  in  the  urine,  one  should  think  of 
fat  embolism,  although  it  is  probable  that  careful  examination  wiU  reveal  at 
least  a  slight  lipuria  after  all  operations  and  injuries  in  which  many  fat  cells  are 
ruptured.  Lipuria  may,  of  com-se,  be  encountered  also  in  any  of  the  conditions 
mentioned  above  in  which  excessive  liptemia  is  found.  Scriba  was  able  to 
demonstrate  the  presence  of  fat  in  the  urine  of  all  his  cases  of  fracture.  He 
found,  however,  that  in  fat  embolism  the  lipuria  was  intermittent.  The  fat 
could  be  foimd  from  the  beginning  of  the  second  to  the  fourth  day,  for  several 
days;  from  the  beginning  of  the  tenth  to  the  fourteenth,  for  several  days;  and 
thereafter  at  intervals  of  from  six  to  ten  days,  imtil  the  end  of  the  third,  fourth, 
or  fifth  week.  Statistics  on  the  mortality  of  fat  embolism  are  useless,  as  many 
of  the  lighter  cases  cannot  be  recognized,  and  in  even  the  fatal  cases,  unless  a 
very  careful  autopsy  is  made,  death  is  ascribed  to  some  other  cause.  Perhaps 
fmther  researches  as  to  the  quantity  of  fat  in  the  urine  in  these  cases  may 
establish  some  relation  between  the  lipuria  and  the  prognosis.  Certain  it  is 
that,  in  a  case  of  lip3?mia,  a  diminution  or  total  cessation  in  the  fat  excreted  by 
the  kidneys  would  favor  vascular  plugging,  unless  the  source  from  which  the  oil 
globules  are  derived  had  been  exhausted.  This  thought  immediately  suggests 
an  investigation  of  the  blood  itself  for  fat.  which,  so  far  as  we  know,  has  not  been 
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done  in  cases  of  fat  embolism.  Carrington  found  fat  13  times  in  19  examina- 
tions of  the  blood  of  3  cases  of  fracture,  without  symptoms  of  embolism;  in  the 
same  cases  he  found  fat  in  the  sputum  in  6  of  16  examinations.  Finally,  in 
cases  of  fat  embolism  one  may  find  changes  in  the  eye  grounds  upon  ophthalmo- 
scopic examination. 

Treatment. — In  order  to  prevent  fat  embolism,  injuries,  operative  or 
accidental,  which  render  a  patient  liable  to  this  catastrophe  should  be  kept  at 
rest.  Tight  bandages  and  massage  are  dangerous  in  such  cases.  In  wounds 
in  which  large  quantities  of  fat  are  crushed,  all  oil  gobules  should  be  removed 
by  irrigation,  and  drainage  should  be  instituted.  The  incision  of  inflammatory- 
lesions  and  the  removal  of  stitches  in  wounds  in  which  there  is  much  tension, 
are  also  prophylactic  measures  of  importance.  Riener,*  who  states  that  he 
saw  ten  cases  of  fat  embolism  after  bloodless  orthopedic  operations,  during  the 
last  year,  now  performs  such  operations  after  applying  a  constricting  band  to 
render  the  limb  bloodless.  Before  removing  the  band  at  the  completion  of  the 
operation,  he  inserts  a  cannula  into  the  upper  end  of  the  saphenous  vein  and 
pushes  it  on  into  the  femoral  vein.  The  band  is  then  removed  and  the  first 
iiish  of  blood  washes  through  the  cannula  any  fat  which  may  have  entered  the 
vein.  Although  Riener  states  that  he  has  seen  considerable  quantities  of  fat 
flow  through  the  cannula,  he  will  probably  not  have  many  imitators,  as  the 
precaution  is  too  formidable  for  an  accident  which  occurs  so  rarely. 

The  treatment  of  the  condition  itself,  in  acute  cases,  is  external  heat,  cardiac 
stimulation,  and  artificial  respiration.  The  wound  should  always  be  opened, 
irrigated,  and  drained,  to  prevent  the  fresh  entrance  of  fat  into  the  circulation. 
The  later  treatment  is  that  of  the  complications,  of  which  the  most  important 
are  oedema  or  inflammation  of  the  lungs,  cerebral  embolism,  and  partial  or  total 
suppression  of  urine. 

IV.  ARTERITIS. 

Arteritis,  or  inflammation  of  an  artery,  ma}^  be  acute  or  chronic.  Anatomi- 
cally, the  process  may  be  divided,  with  reference  to  the  arterial  tunics,  into 
periarteritis,  mesarteritis,  and  endarteritis;  but,  from  a  clinical  standpoint,  this 
classification  is  of  little  value,  as  all  three  coats  are  generally  more  or  less  involved 
at  the  same  time.  It  is  not  our  intention  to  enter  into  a  discussion  of  the  medical 
features  of  this  affection,  which  are  fully  described  in  works  on  internal  medicine, 
but  merely  to  present  the  subject  from  a  surgical  standpoint. 

Acute  Arteritis. — Acute  arteritis  may  be  productive  (plastic)  or  suppurative 
(necrotic). 

Acute  Productive,  or  Plastic,  Arteritis. — Acute  productive  arteritis  follows 
injury  of  an  artery  or  the  impaction  of  a  bland  embolus.  This  is  the  form  of 
arteritis  which  seals  vessels  after  ligation,  torsion,  and  wounds.  As  we  have 
already  pointed  out,  the  vasa  vasorum  dilate,  exudation  follows,  the  intimal  cells 
proliferate,  and  the  clot  is  displaced  by  embryonic  cells  which  are  finally  con- 
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vcited  into  fibrous  tissue,  thus  obliterating  the  vessel.  Acute  arteritis  may 
occur  Ukewise  during  the  course  of,  or  just  subsequently  to,  certain  infectious 
diseases — viz.,  influenza,  pneumonia,  rheumatism,  diphtheria,  puerperal  fever, 
syphilis,  septicirmia,  and  the  acute  exanthemata.  The  disease  exhibits  a  pre- 
dilection for  the  arteries  of  the  limbs,  especiall>-  the  lower.  It  is  probable  that 
the  inflammatory  changes  in  the  arteries  are  induced  by  toxins;  indeed,  Thercse 
found  that  the  same  lesions  were  caused  by  injections  of  the  toxins  of  the  strep- 
tococcus as  by  the  organisms  themselves. 

The  S3^mptoms. — The  symptoms  of  acute  arteritis  during  or  following  in- 
fectious fevers  are  pain,  tenderness,  and  occasionally  redness  and  swelling  along 
the  course  of  an  artery.  If  thrombosis  occurs  the  vessel,  when  superficial,  may 
be  felt  as  a  hard  cord,  the  pulse  below  is  greatly  diminished  or  absent,  and  the 
part  from  which  the  blood  is  shut  off  becomes  cold,  pale,  paretic,  paraesthetic. 
In  the  absence  of  an  efficient  collateral  circulation  the  gangrene  which  follows 
is  of  the  dry  variety,  unless  the  vein  is  smiultaneously  involved  or  unless  the 
necrotic  parts  become  infected. 

The  Treatment. — The  treatment,  in  the  initial  stage,  is  identical  with  that 
advised  for  arterial  thrombosis.  (See  Contusions  of  Arteries.)  If  gangrene 
ensues,  the  part  should  be  removed  according  to  the  rules  laid  down  in  the  article 
dealing  with  gangrene  {Yol.  II.). 

Acute  Suppurative,  or  Necrotic,  Arteritis. — Acute  suppurative  arteritis  arises 
from  septic  processes  in  the  environing  tissues  or  from  an  infected  embolus. 
An  acute  septic  endarteritis,  resembling  malignant  endocarditis,  with  wiiich  it 
is  usually  associated,  has  been  described.  In  suppurative  arteritis  distinct 
abscesses  maj^  be  seen  in  the  walls  of  the  vessels,  which  subsequently  become 
necrotic  and  separate  as  sloughs.  Tliis  occurrence  is  alwaj^s  preceded  by  the 
fonnation  of  a  thrombus,  wiiich,  particularly  in  the  smaller  vessels,  may  remain 
sufficiently  firm  to  prevent  bleeding.  If,  however,  the  septic  process  invades 
the  clot  and  causes  it  to  undergo  liquefaction,  hemorrhage  follow"S.  Secondary'' 
hemorrhage  is  almost  entirely  due  to  this  cause.  In  order  to  emphasize  this 
fact  more  strongly  it  has  been  suggested  that  secondary  hemorrhage  be  called 
septic  hemorrhage.  Suppurative  arteritis  rarely  occurs  unless  the  walls  of  the 
vessel  have  been  previously  injured;  in  fact,  large  arteries  may  be  dissected 
from  the  surrounding  tissues  for  a  considerable  distance  by  pus,  and  j^et  remain 
intact.  This  remarkable  immunity  from  inflammation  exliibited  by  uninjured 
arteries  in  contact  with  septic  foci,  now  known  to  be  relative  only,  was  at  one 
time  thought  to  be  absolute;  indeed,  in  1842,  Liston's  report  of  the  first  case  of 
ulceration  of  an  artery  in  contact  with  a  purulent  area  was  denied  achnission  to 
the  Transactions  of  the  London  Medico-Chirurgical  Society,  on  the  ground  of 
inaccuracy.  According  to  ^lonod,*  wiio,  in  1882,  collected  eighty-eight  cases, 
ulceration  of  arteries  occurs  most  frequently  in  connection  with  tuberculous 
abscesses  and  suppurative  h^mphadenitis,  the  result  of  infectious  diseases,  par- 
ticularly scarlatina.  The  internal  carotid  has  been  opened  by  a  suppurative 
tonsillitis  and  as  the  result  of  caries  of  the  petrous  portion  of  the  temporal  bone; 

*  BiiU.  de  la  Soc.  de  Cliir.  de  Paris,  1882,  p.  666. 
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in  the  latter  instance  perforation  regularly  occurs  in  the  knee  of  the  artery,  in 
the  carotid  canal.  The  common  carotid,  the  external  carotid,  and  the  smaller 
arteries  of  the  neck  have  been  ulcerated  by  neighboring  su])purating  proc- 
esses— the  aorta  in  tuberculous  spondylitis,  the  common,  internal,  and  ex- 
ternal iliacs  in  appendiceal  abscess,*  the  femoral  in  bubo,  the  popliteal  in  tuber- 
culosis of  the  knee,  the  arteries  of  the  palm  and  hand  in  cellulitis,  and  the 
intercostals  in  empyema.  In  these  cases  drains,  foreign  bodies,  sequestra,  etc., 
are  said  to  have  had  no  influence  in  causing  the  hemorrhage.  The  perforative 
ulceration  of  an  artery  may  further  be  exemplified  by  the  haemoptysis  of  pul- 
monary tuberculosis,  the  hsematemesis  of  gastric  ulcer,  and  the  bloody  stools  of 
ulcerative  lesions  in  the  intestine.  The  violent  hemorrhages  occurring  in  certain 
cases  of  malignant  disease  are  due,  not  to  a  suppurative  arteritis,  but  to  invasion 
of  the  walls  of  the  artery  by  the  tumor  cells. 

The  Sjmiptoms. — Suppurative  arteritis  is  rarely  suspected  until  a  hemorrhage 
occurs.  Occasionally  this  takes  place  in  an  abscess  before  it  has  been  opened. 
In  such  cases,  if  the  artery  involved  is  a  large  one,  the  abscess  suddenly  increases 
in  size  and  takes  on  the  characteristics  of  an  aneurysm.  In  other  instances  the 
vessel  gives  way  w^hen  the  pressure  upon  it  is  relieved  by  an  external  discharge 
of  the  pus.  Finally,  the  bleeding  may  not  occur  for  days  or  weeks  after  the 
opening  of  the  abscess. 

The  Treatment. — The  treatment  consists  of  direct  compression,  for  the 
immediate  control  of  the  bleeding,  and  exposure  and  ligation  of  the  affected 
artery  on  each'side  of  the  perforation.  The  cavity  should  then  be  thoroughly 
disinfected  and  drained.  Some  surgeons  advise,  because  of  the  fear  of  infection 
of  the  ligature  and  repetition  of  the  bleeding,  ligation  in  continuity.  Owing  to 
the  uncertainty  of  ligation  in  continuity  (see  Ligation  for  Wounds  of  Arteries), 
we  believe  that  it  should  be  performed  only  under  very  exceptional  circum- 
stances. 

Chronic  Arteritis. — Chronic  arteritis  (arteriosclerosis,  chronic  endarteritis, 
atheroma)  is  a  chronic,  inflammatory,  and  degenerative  process  of  the  arterial 
walls,  which  may  involve  the  capillaries  as  well  as  the  arteries  {arteriocapiUary 
fibrosis),  and  invade  even  the  veins  (angiosclerosis). 

The  causes  are  old  age,  increased  blood-pressure,  the  result  of  hal^itual 
overeating  and  excessive  muscular  efforts,  and  chronic  intoxications,  among 
which  may  be  mentioned  syphilis,  gout,  rheumatism,  alcoholism,  lead  poison- 
ing, nephritis,  diabetes,  and  excessive  indulgence  in  tobacco.  Occasionally  the 
condition  is  observed  after  one  of  the  acute  infectious  diseases  such  as  scar- 
latina, typhoid  fever,  and  influenza,  it  having  possibly  begun  in  these  cases 
as  an  acute  infection. 

Chronic  arteritis  may  be  circumscribed  or  diffuse.  The  circumscribed  form 
is  seen  most  often  in  the  large  vessels,  particularly  the  aorta,  in  the  form  of  more 
or  less  nodular  whitish  patches,  sometimes  as  large  as  a  small  coin,  which  are  due 
to  a  proliferation  of  the  deeper  layers  of  the  intima.  (Fig.  69.)  These  patches 
may  become  fibroid  or  calcified  (atheromatous  plate),  or  they  may  undergo  fatty 
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degeneration,  becoming  yellowish  in  color  and  cheesy  in  consistency  (atheroma- 
tous abscess).     Such  an  abscess,  on  discharging,  leaves  a  necrotic  patch  (atherom- 
atous ulcer).     The  media  is  often  invaded  by  the  disease  and  the  outer  coat 
thickened.     Diffuse    arteriosclerosis    more    com- 
monly   attacks   the    small  vessels.     The   entire 
arterial  wall  is  thickened,  and  the  internal  coat 
undergoes    fatty    degeneration  and  may  subse- 
quently be  calcified. 

Although  arteriosclerosis  is  a  condition  which 
properly  belongs  to  the  physician,  it  possesses 
certain  important  surgical  relations  which  require 
at  least  brief  mention.  The  increased  liability 
of  diseaseci  arteries  to  thrombosis  following  an 
injury  (including  the  application  of  the  Esmarch 
band),  and  the  influence  of  narrowed  arteries  in 
causing  bad  results  after  ligation,  after  the  im- 
paction of  an  embolus,  and  in  thrombosis,  are 
pointed  out  further  on,  in  the  sections  devoted 
to  these  subjects.  The  possibility  of  secondary 
aneurysm  as  the  result  of  compression  of  a 
diseased  artery  we  shall  have  occasion  to  mention 
on  a  later  page.  Here  we  may  recall  the  in- 
creased danger  of  tight  bandaging  in  individuals 
with  hardened  arteries,  and  may  warn  against  the 
use  of  Bier's  treatment,  in  such  cases,  without 
the  most  serious  reflection  on  the  possibilities 
of  disastrous  results.  Surgeons  should  always 
bear  in  mind  the  possibility  of  arterial  rupture 
when  reducing  an  old  dislocation  or  when  forcibly 
straightening  a  contracted  joint  in  an  individual 
with  atheroma.  The  possible  effects  of  arterio- 
sclerosis in  inducing  serious  changes  in  the  \is- 
cera,  particularly  the  heart,  lungs,  and  kidneys, 
demand  a  careful  examination  of  these  organs 
before  any  operative  procedure.  In  the  absence 
of  demonstrable  cardiac,  pulmonary,  and  renal 
changes,  those  patients  who  are  affected  with 
chronic  arteritis  usually  tolerate  general  anaes- 
thesia and  surgical  operations  remarkably  wtII. 
Apoplexy,  which  is  one  of  the  dangers  hovering 
over  those  with  chronic  arterial  disease,  veiy 
rarely  occurs  during  the  induction  of  anaesthesia  or  in  the  course  of  an  oper- 
ation, particularly  if  the  patient  is  skilfully  and  fully  anspsthetized.  The 
St  niggling  induced  by  forcing  the  anaesthetic  or  by  operating  during  light 
anaesthesia   must  be   regarded  as  highly  dangerous.     In  circulatory  troubles 


I'iG.  69. — Photograph  of  an 
Aorta  Affected  with  Chronic  Arter- 
itis. (Specimen  from  Pennsylvania 
Hospital  Museum.) 
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pain  is  often  more  dangerous  than  anaesthesia.  Although  chloroform  lowers 
the  blood-pressure,  its  effects  on  the  heart  have  generally  led  us  to  prefer 
ether  for  the  ana?sthetic.  Siegcl  *  believes  that  the  young  with  arterio- 
sclerosis do  not  tolerate  general  anaesthesia  as  well  as  the  senile.  Skin,  bone, 
and  fascial  wounds  heal  promptly  in  individuals  with  arteriosclerosis,  pro- 
vided the  disease  is  not  far  advanced.  Amputation  flaps  may,  of  course, 
after  removal  of  a  leg  for  arteriosclerotic  gangrene,  slough  if  the  section 
is  not  made  high  enough.  Only  imperative  operations  should  be  performed 
upon  the  lower  extremities  of  those  exhibiting  the  symptoms  of  marked  narrow- 
ing of  the  arteries,  since  even  trivial  operations — e.g.,  the  excision  of  an  ingrow- 
ing toe-nail — may  furnish  the  starting  point  for  gangrene.  According  to  Siegel, 
intestinal  wounds  are  unfavorably  influenced  by  arteriosclerosis,  particularly 
if  the  patients  are  emaciated.  In  such  cases  cutting  through  of  the  sutures, 
gangrene  of  the  margins  of  the  wound,  and  the  formation  of  fistulas  are  not  un- 
common. Although  narrowed  arteries,  when  severed,  eject  less  blood  than 
normal  ones,  the  probability  of  cutting  through  of  the  ligatures  apphed  during 
an  operation  is  greater;  hence  primaiy  hemorrhage  is  relatively  slight  and 
secondary  hemorrhage  relatively  frequent. 

Chronic  arteritis  tends  to  weaken  the  walls  of  the  vessel  or  to  narrow  or 
obliterate  its  lumen.  In  many  instances,  however,  the  prohferation  of  the 
subendotheHal  layer  is  proportionate  to  the  degenerative  changes  in  the  middle 
coat,  and,  although  the  elasticity  of  the  vessel  is  impaired,  the  size  of  the  lumen 
is  not  altered.  When  the  vessel  wall  is  weakened,  dilatation  and  even  rupture 
are  likely  to  result. 

That  fomi  of  arteritis  which  is  caused  by  syphilis  bears  the  worst  reputation 
in  respect  to  the  production  of  aneurysmal  dilatation.  Syphilitic  arteritis  may 
begin  within  a  few  months  of  the  time  of  the  chancre  or  not  until  after  the  lapse 
of  many  years.  It  may  involve  a  whole  system  of  vessels,  a  whole  vessel,  or  a 
segment  of  a  vessel,  and  is  often  bilateral.  All  the  coats  of  the  artery  are  in- 
volved, but  the  media  suffers  most,  being  infiltrated  with  numerous  round  cells, 
which  infiltration  results  in  its  atrophy,  degeneration,  or  fragmentation.  If 
the  infiltration  is  very  abundant  and  the  vessel  walls  are  completely  disorganized, 
rupture  may  occur,  an  accident  which  is  most  frequent  in  the  basilar  arteries  of 
the  brain  (apoplexy) .  If  only  the  musculo-elastic  median  coat  yields,  there  is 
formed  a  cicatrix  which  may  subsequently  stretch  and  give  rise  to  an  aneurysm. 
The  latter  is  most  frequent  in  the  major  vessels. 

Diminution  in  the  lumen  of  arteries,  as  the  result  of  sclerosis,  is  responsible 
for  a  host  of  nutritional  disturbances.  Those  which  particulariy  interest  the 
surgeon  are  neuralgia,  pancreatitis,  bleeding  from  the  alimentary  canal,  arterio- 
sclerotic cohc,  interaiittent  claudication,  and  gangrene.  The  etiological  influence 
of  sclerosis  of  the  neural  vessels  in  neuralgia  is  recognized  by  most  authors.  As 
long  ago  as  1874  Leube  called  attention  to  the  frequency  of  bleeding  in  intestinal 
catarrh  in  the  aged.  It  is  not  improbable  that  chronic  arteritis  is  responsible 
for  this  condition.     Possibly,  in  some  instances,  gastric  or  intestinal  bleeding 

*  Muench.  med.  Woch.,  1906,  p.  595. 
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after  etherization  is  due  to  the  same  cause.  It  has  been  suggested  that  sclerosis 
of  the  arteries  be  inchidcnl  among  the  rare  causes  of  gastric  and  intestinal  ulcera- 
tion. The  relation  of  arteriosclerosis  to  hemorrhagic  pancreatitis  and  chronic 
pancreatitis  need  only  be  mentioned.  Arteriosclerotic  colic  is  a  term  which 
has  been  applied  to  alxlominal  pain  believed  to  be  due  to  narrowing  of  the 
arteries  of  the  affected  part.  This  pain  may  simulate  that  of  gastric  ulcer, 
cholelithiasis,  appendicitis,  etc.  The  frequency  of  flatulency  in  the  old  suggests 
arteriosclerosis  as  a  possible  cause.  Narrowed  vessels  may  be  competent,  in 
times  of  repose,  to  supply  adequate  blood  to  a  part,  but  be  unable  to  dilate  and 
meet  the  additional  demands  of  that  part  when  it  is  actively  functionating. 
The  result  is  a  sudden  and  transient  paralysis  and  aniesthesia  when  the  brain  is 
affected,  an  angina  pectoris  when  the  heart  is  involved,  and  arteriosclerotic 
colic  when  the  abdominal  vessels  are  chiefly  concerned,  or  an  intermittent 
claudication,  when  the  extremities  are  affected.  The  last  is  characterized  by 
attacks  of  weakness  and  crampy  pains  in  the  muscles,  particularly  of  the  calf, 
and  is  to  be  regarded  as  a  prodromal  symptom  of  gangrene. 

Arteriosclerotic  gangrene  is  most  frequent  in  the  old  (senile  gangrene)  as 
the  result  of  senile  atheroma,  but  may  be  found  in  the  young  (presenile  gangrene) 
as  the  result  of  any  of  the  other  conditions  mentioned  in  the  etiology  of  chronic 
arteritis.  Barrand*  has  collected  103  cases  in  which  young  adults  were  affected 
with  gangrene  following  one  of  the  infectious  diseases.  Seitz,t  in  148  cadavers 
with  arteriosclerosis,  found  17  between  the  ages  of  10  and  29  years.  In  most 
instances  arteriosclerotic  gangrene  is  precipitated  by  the  formation  of  thrombi 
in  the  diseased  vessels,  being  often  aided  by  slow  circulation  the  result  of  some 
cardiac  trouble,  von  Winiwarter,  Borchard,  and  others  sharply  differentiate 
the  so-called  presenile  gangrene  from  senile  gangrene,  maintaining  that  the 
former  is  due,  not  to  ordinary  chronic  arteritis,  but  to  a  special  affection,  obliter- 
ating endarteritis,  in  which  the  lumen  of  the  vessel  is  completely  closed  by  a 
proliferation  of  the  intima.  Manteufel,  Weiss,  and  Bunge  believe  that  the 
occluding  mass  found  in  the  arteries  owes  its  origin  to  the  organization  of  thrombi 
which  form  on  the  roughened  intima,  and  that,  from  an  anatomical  standpoint, 
presenile  should  not  be  separated  from  senile  gangrene.  Obliterating  endarteritis 
is  said  to  be  caused  by  cold  (Winiwarter),  by  some  nerve  affection  (Fraenkel 
and  Bevoeto),  by  syphilis  (Haga),  by  alcoholism,  or  by  the  abuse  of  tobacco. 
It  has  been  suggested  that  a  relation  exists  between  this  affection  and  the 
gangrene  occurring  in  Raynaud's  desease  and  in  ergot  poisoning.  Finally,  there 
are  cases  in  which  the  most  careful  investigation  fails  to  reveal  the  cause  of  the 
arterial  disease. 

Treatment  of  Beginning  Arteriosclerotic  Gangrene  by  Arterio^t:- 
Nous  Anastomosis. — ^The  first  successful  arteriovenous  anastomosis  in  the  dog 
was  performed  by  Glueck.J  Unsuccessful  experiments  in  this  line  were  made, 
in  1902,  by  San  Martin  y  Satrustegui,  Berard,  and  Carrel,  and  by  Exner  and 
Hoepfner,  in  1903.     In  1902  Carrel  and  Morel,  and  in  1905  and  1906  Carrel  and 

*  Deutsch.  Zeitschrift  f.  Chir.,  1904,  Bd.  74.         f  AUg.  med.  Zentralzeitung,  1897,  No.  19. 
X  Watts,  in  Annals  of  Surgery,  Sept.,  1907, 
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Guthrie,*  with  improved  technique,  were  able  to  unite  arteries  and  veins  with 
almost  uniform  success.  "The  threads  and  needles  were  the  finest  and  strongest 
obtainable.  The  threads  were  sterilized  in  vaseline  and  applied  when  heavily 
coated  with  the  same.  The  vessels  were  handled  very  gently  and  the  endothe- 
lium was  protected  from  drying  by  isotonic  sodium-chloride  solution  or  by 
sterilized  vaseline.  No  dangerous  metallic  forceps  were  used.  The  greatest 
care  was  exercised  to  obtain  accurate  and  smooth  approximation  of  the  endothe- 
lium of  the  vessels." 

Lateral  arteriovenous  anastomosis  for  beginning  gangrene  of  the  lower 
extremity  has  been  performed  in  two  cases  by  San  Martin  y  Satrustegui,t  in  one 
case  by  Jaboulay,J  and  in  one  case  by  Tuffier.§  End-to-end  arteriovenous 
anastomosis  of  the  femoral  vessels  for  senile  gangrene  has  been  performed  in 
two  cases  by  Hubbard  ||  and  in  one  case  by  Lilienthal.^  All  these  cases  were 
unsuccessful  so  far  as  checking  the  gangrene  was  concerned.  According  to 
Carrel  and  Guthrie,  after  lateral  arteriovenous  anastomosis  most  of  the  red 
blood  returns  immediately  toward  the  heart  through  the  central  end  of  the 
vein.  The  peripheral  portion  of  the  vein  and  its  collaterals  are  distended  and 
pulsate,  but  the  valves  are  not  forced  and  the  red  blood  does  not  circulate 
through  the  veins.  These  authorities  claim,  however,  that  this  may  be  accom- 
plished by  end-to-end  arteriovenous  anastomosis.  As  the  result  of  experiments 
on  the  cadaver,  Gallois  and  Pinatelle  **  found  that  colored  fluid  injected  into 
the  main  vein  of  a  limb  returned  immediately  by  the  other  veins  and  not  by  the 
arteries,  and  that,  even  after  occlusion  of  the  collateral  veins  by  forceps,  it  was 
impossible  to  force  the  valves.  We  have  never  felt  that  arteriovenous  anasto- 
mosis was  justifiable  for  arteriosclerotic  gangrene,  since,  even  if  the  circulation 
could  be  reversed  in  normal  vessels,  which  seems  improbable  from  the  experi- 
ments of  Gallois  and  Pinatelle,  such  could  not  be  expected  when  the  arteries 
are  obliterated  as  the  result  of  thrombosis  or  of  a  proliferation  of  the  intima. 


V.  INJURIES  OF  ARTERIES. 

Injuries  of  arteries  may  be  either  simple  contusions  or  wounds  of  various 
degrees  of  severity. 

Contusions  of  Arteries. — Under  this  heading  will  be  considered  all  injuries 
of  arteries  produced  by  blunt  force  and  not  immediately  resulting  in  dissolution 
of  the  continuity  of  the  external  coat  of  the  vessel. 

Etiology.— The  normal  arteries,  owdng  to  their  elasticity,  are  not  often 
seriously  affected  by  a  contusion,  unless  it  be  of  the  severest  grade.  In  atherom- 
atous arteries,  however,  a  slight  contusion  may  be  followed  by  thrombosis, 
rupture,  aneurysm,  the  detachment  of  an  atheromatous  plate,  or  sloughing  and 
hemorrhage.     Turner  (cited  by  Lejars,  in  Rev.  de  Chir.,  1898)  tells  of  a  man,  aged 

*  Annals  of  Surgerj%  Feb.,  1906.  I|  Annals  of  Surgery,  Oct.,  1906,  and  Sept.,  1907. 

t  Semaine  med.,  1902,  p.  395.  ^  Annals  of  Surgery,  Jan.,  1907. 

$  Semaine  med.,  1902,  p.  405.  **  Revue  de  chir.,  1903,  p.  236. 
§  Revue  de  chir.,  June,  1907,  p.  1086. 
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thiity-five,  who  complained  of  pain  at  the  elbow  and  swelling  of  the  forearm  after 
drawing  his  hand  back  to  put  it  in  his  pocket.  For  several  days  the  pulse  could 
not  be  felt;  it  then  reapi)eare(l,  jjut  subsequently  disappeared  after  the  same 
manoeuvre.  Several  weeks  later  the  man  died.  At  the  autopsy  the  brachial 
artery  was  found  obliterated  and  its  internal  coat  ruptured.  Delbet*  relates 
an  analogous  case  of  rupture  of  the  inner  coats  of  the  brachial  artery,  in  a  patient 
who  had  been  ana:>sthetized  for  resection  of  the  jaw,  and  in  whom  the  arm 
was  simply  separated  from  the  trunk  without  violence.  Denudation  of  aiteries, 
even  when  extensive,  does  not  cause  macroscopic  changes  in  the  vessel  walls 
or  any  interference  with  the  blood-stream.  D'Anna,  as  the  result  of  his  experi- 
ments, concluded  that  extensive  separation  of  an  artery  from  its  sheath  would 
interfere  with  the  function  of  the  vasa  vasorum  and  that  thrombosis  or  degenera- 
tion of  the  arterial  walls  and  secondary  hemorrhages  would  occur.  In  order 
doubly  to  disprove  this  assertion,  Hoepfner  resected  the  carotid  artery  in  a  dog, 
placed  it  in  salt  solution,  then  reimplanted  it,  without  thrombosis  or  other  ill 
effects  following.  Normal  arteries  may  be  compressed  or  retracted  without 
fear  of  any  peraianent  damage.  The  same  is  not  true,  however,  of  diseased 
arteries.  Compression  of  normal  arteries  with  the  finger,  tape,  tourniquet, 
arterial  clamps,  etc.,  as  has  been  abundantly  demonstrated,  may  be  continued 
for  a  considerable  time  without  producing  evil  consequences.  Bothezat  f 
obtained  remarkable  results  in  experimental  clamping  of  arteries.  He  clamped 
the  femoral  artery  of  dogs  with  haemostatic  forceps  and  removed  them  at  the 
end  of  half  an  hour.  The  circulation  immediately  reestablished  itself  and  the 
crushed  and  thinned  walls  became  slightly  ballooned  in  the  form  of  an  aneurysm. 
This  dilatation  subsided  after  a  time  and  the  vessel  seemed  to  recover  itself 
completely,  without  obliteration  of  the  calibre  of  the  artery.  Bothezat  tells 
us  that  the  femoral  artery  may  be  compressed  in  this  manner  for  three  hours 
without  obliteration.  It  is  needless  to  add  that  one  would  not  expect  such 
happy  results  in  the  human  being.  The  occurrence  of  aneurysm  after  prolonged 
instrumental  or  digital  pressure  will  be  referred  to  in  the  discussion  on  aneurj'sm, 
while  the  dangers  of  the  tourniquet  and  the  Esmarch  band  will  be  spoken  of  in 
another  section  of  the  work.  In  this  connection  may  be  mentioned — although 
it  is  perhaps  not  exactly  a  contusion — the  obliteration  of  an  artery  (e.g.,  the 
subclavian  artery)  in  juxtaposition  to  an  exostosis  or  osseous  abnormality — 
as,  for  example,  a  cervical  rib.  In  these  cases  obliteration  of  the  pulse  is  apt 
to  occur  at  one  of  two  periods — first,  w^hen  the  rib  ossifies,  and,  secondly,  in  old 
age  when  the  artery  calcifies.  In  the  latter  instance  obliteration  is  in  all  prob- 
ability partly  due  to  fracture  of  the  internal  coats  of  the  artery.  That  the 
constant  bending  and  unbending  of  an  artery  {e.g.,  the  popliteal)  may  cause 
sufficient  injury  to  predispose  to  aneurysm  is -a  well-established  clinical  fact. 
Contusions  of  large  arteries  by  falls  and  blows  are  not  common,  as  such  are 
protected  from  bruising  "(1)  by  their  positions,  which,  generally,  are  deep 
and  sheltered ;  (2)  by  their  capacit}^  to  flatten  readily,  which  results  from  the 
elasticity  of  their  walls  and  the  fluidity  of  their  contents;    (3)  by  the  strength 

*  "Traite  de  chir."  f  Delbet  ct  Le  Dentu:    "Traite  de  chir.,"  vol.  iv. 
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of  the  arterial  sheath  and  the  looseness  of  the  connective  tissue  which  surrounds 
them,  whereby  considerable  freedom  of  movement  in  lateral  directions  is  allowed; 
and  (4)  by  the  prominence  of  contiguous  muscles  or  other  organs,  which  serves 
to  receive  or  to  deflect  the  vulnerating  forces."*  The  order  of  the  frequency 
with  which  individual  vessels  suffer  from  contusion  is,  according  to  Herzog,t 
who  has  collected  63  cases,  as  follows: — Brachial  18,  popliteal  15,  axillary  7, 
femoral  8,  external  iliac  4,  common  iliac  2,  abdominal  aorta  2,  posterior  tibial  2, 
subclavian  2,  internal  carotid  1,  radial  and  ulnar  1.  The  form  of  injury  is  most 
frequently  a  violent  blow,  such  as  a  kick  of  a  horse,  a  runover  accident,  or 
compression  between  two  cars.  The  accident  is,  therefore,  almost  exclusively 
confined  to  male  adults,  only  three  of  the  patients,  in  Herzog's  collection,  being 
women.  In  most  instances  the  patients  are  above  thirty;  we  have  encountered 
in  the  literature  only  one  case  below  twenty  years.  Of  some  importance,  from 
a  medico-legal  standpoint,  is  the  possibility  of  contusion  of  a  large  vessel  by  a 
fracture  of  an  adjacent  bone  or  by  a  dislocation  of  a  neighboring  joint.  The 
following  case,  cited  by  Lejars,  illustrates  this  point  :^A  man,  aged  fifty  years, 
fell  from  a  height  of  two  stories  and  sustained  a  Colles'  fracture.  During  his 
fall  he  tried  to  save  himself  by  throwing  his  arm  over  a  beam,  but  failed.  The 
physician  who  was  called  applied  a  bandage  as  far  as  the  middle  of  the  forearm. 
Later,  the  entire  forearm  became  gangrenous,  and  the  patient  was  convinced 
that  the  practitioner  had  caused  this  gangrene  by  applying  the  bandage  too 
tightly.  Rosenberger,  who  amputated  the  arm,  found  a  red  band,  due  to  the 
contusion,  in  the  subcutaneous  tissues  at  the  bend  of  the  elbow,  the  skin  being 
normal.  The  radial  and  ulnar  arteries  were  thrombosed  as  far  as  the  brachial, 
and  the  internal  tunic  of  each  was  ruptured,  but  not  to  a  sufficient  extent  to 
cause  it  to  curl  up  within  the  vessel.  The  external  coats  of  the  artery  were 
uninjured.  A  somewhat  similar  case  is  reported  by  More.  Of  all  injuries,  those 
by  gunshot  wounds  have  the  worst  reputation  in  the  production  of  contusion 
of  arteries.  This  applies  particularly  to  the  ancient  bullet  of  warfare  and  the 
modern  leaden  bullet  of  civil  life.  Several  well-marked  examples  are  given  by 
Lidell  in  the  second  volume  of  the  "International  Encyclopedia  of  Surgery." 
''The  large  arteries  of  the  extremities  are,  to  a  considerable  extent,  protected 
from  gunshot  perforation  by  the  strength  of  the  fibrous  sheaths  which  invest 
them,  by  the  toughness  and  extensibility  of  their  own  tunic,  and  by  the  readi- 
ness with  which  they  can  slip  aside  from  the  track  of  a  gunshot  missile,  owing  to 
the  fact  that  they  are  elastic  tubes,  and  that  their  contents  are  liquid."  This 
is  not  true,  however,  of  the  modern,  hard-jacketed,  high- velocity,  small-calibre 
bullet,  which  will  sever  an  artery  like  a  knife,  unless  the  range  be  verj^  great 
or  the  velocity  diminished  by  ricochet  or  other  means. 

Amussat,  Devergie,  Simon,  Kussmaul,  Klotz,  Mildner,  and  Faber  have 
found  that,  in  those  who  are  hanged,  the  internal  coats  of  the  carotid  are  fre- 
quently ruptured. 

Pathology. — The  lesions  found  after  the  contusion  of  an  artery  vary  with 

*  Lidell,  in  "International  Encyclopedia  of  Surgery." 
t  Beitr.  z.  klin.  Cliir.,  Bd.  23,  S.  643. 
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the  amount  of  force  exerted  and  the  state  of  the  walls  of  the  artery.  The  more 
diseased  the  artery,  the  slighter  the  force  neces.sary  to  produce  a  contusion. 

Of  the  slightest  grade,  in  which  there  is  perhaps  no  change  but  a  little  ecchy- 
mosis  of  the  vessel  wall,  we  shall  not  speak  further,  as  such  causes  neither  im- 
mediate signs  nor  remote  ill  effects.  The  older  surgeons  explained  some  of 
the  cases  of  obliteration  of  an  artery  after  contusion,  b}'  rupture  of  the 
vasa  vasoruni  and  extravasation  of  blood  between  the  vessel  and  its  sheath  in 
sufficient  quantity  to  press  upon  and  considerably  narrow  the  lumen  of  the 
vessel.  This  was  supposed  to  be  followed  by  inflammatory  swelling  (traumatic 
arteritis)  with  consequent  thrombosis  and  complete  obliteration  of  the  vessel. 
It  is  now  known  that  in  practically  all  instances  the  lesion  is  a  rupture  of  the 
inner  coats  of  the  vessel  and  that  such  leads  to  thrombosis  and  complete  plugging 
of  the  lumen;  in  other  words,  as  in  the  application  of  a  ligature,  although  the 
force  acts  from  without  inward,  the  lesions,  owing  to  the  friability  of  the  internal 
coats,  are  produced  from  within  outward. 

The  injury  may  expend  itself  on  the  internal  coat  alone,  leaving  the  outer 
coats  intact  and  practically  noiTnal.  The  lesion  here  obser^'ed  is  a  cracking  or 
fissuring  of  the  intima,  which  may  be  complete  or  incomplete — i.e..  it  may 
involve  the  entire  circimiference  or  only  a  part  thereof.  Complete  circular 
division  is  best  seen  after  the  application  of  a  ligature.  In  contusions  by  l^lunt 
violence  the  fissures  are  apt  to  be  multiple  and  frequently  involve  only  a  portion 
of  the  circumference  of  the  vessel.  Experimentally  Delorme  found  such  wounds 
of  the  internal  coat  to  be  usually  transverse,  frequently  corresponding  to  the 
horizontal  interstices  of  the  muscular  and  elastic  fibres;  the}''  varied  from  three  to 
ten  in  number  and  from  2  to  5  mm.  in  A,^•idth.  From  a  study  of  the  specimens 
removed  after  death  or  amputation  it  appears  that  that  portion  of  the  internal 
coat  which  is  first  struck  suffers  most. 

Wounding  of  the  internal  coat  alone  causes  no  extravasation  of  blood  into  the 
perivascular  tissues,  nor  is  there  any  danger  of  secondar\'  hemorrhage.  The 
sole  result  of  clinical  importance  is  thrombosis  with  its  consequences.  If  the 
fissure  is  small  and  incomplete  there  may  be  a  minute  mural  thrombus,  which 
causes  no  interference  -^-ith  the  blood-current,  but  simply  protects  the  wound 
until  healing  is  complete.  Obliteration  of  the  vessel  by  clot  is  apt  to  follow, 
however,  if  the  rent  in  the  internal  coat  is  large,  if  the  fissures  are  multiple  and 
extensive,  if  the  tunic  is  sufficiently  detached  to  move  back  and  forth  in  the  blood- 
stream, if  the  detached  tunic  is  infiltrated  TNith  lime  salts,  if  tight  compression 
is  applied  after  the  accident,  or  if  the  state  of  the  heart  or  blood  is  such  as  to 
predispose  to  coagulation.  The  conditions  just  mentioned  determine  also  the 
rapidity  with  which  an  occluding  thrombus  forms.  It  may  ensue  immediately 
after  the  injury  or  it  may  not  develop  for  several  hours  or  even  days.  Generally 
speaking,  complete  obliteration  following  a  lesion  of  the  internal  coat  alone  is 
delayed,  although  in  the  femoral  arter\'  we  have  obser^Td  it  to  occur  within  a 
few  minutes.  As  to  the  frequency  with  which  partial  obliteration  occm*s  after 
injuries  of  this  character  one  could  not  venture  even  a  guess,  as  there  are  neither 
s}miptoms  nor  signs  by  which  it  may  be  recognized. 
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Yielding  of  the  internal  and  middle  coats  is  much  more  likely  to  be  followed 
by  immediate  thrombosis,  as  when  torn  they  curl  up  within  the  vessel  in  obedi- 
ence to  the  elasticity  of  the  middle  coat.  The  lacerations  are  generally  irregular, 
and  may  be  transverse,  oblique,  longitudinal,  or  flap-shaped,  the  edges  of  the 
wound  being  fringed  and  torn.     Not  infrequently  a  portion  of  the  circumference 

of  the  artery  is  respected,  and 
occasionally  the  fracture  of  the 
internal  coats  extends  in  a  more 
or  less  regular  manner  around  the 
entire  circumference  of  the  ves- 
sel. The  adventitia  maintains 
the  continuity  of  the  vessel  and 
prevents  extravasation,  although 
the  blood  may  make  its  way  for 
some  distance  between  this  coat 
and  the  media,  sometimes  for  an 
inch  or  more.  On  visual  exami- 
nation the  artery  may  appear 
normal,  but  is  much  more  likely 
to  be  discolored  or  black,  owing 
to  the  ecchymosis  of  the  external 
coat.  Pulsation  is  generally  trans- 
mitted to  the  contused  segment 
from  the  artery  above,  but  on 
palpation  this  fact,  together  with 
the  induration  due  to  the  throm- 
bus, is  readily  determined.  When 
the  force  has  been  very  violent, 
or  prolonged  for  some  time,  the 
artery  may  be  flattened  and 
empty,  as  if  crushed  in  the  jaws 
of  powerful  forceps.  Cloquet 
describes  a  specimen  of  this  sort 
(Figs.  70  and  71),  the  injury  be- 
ing associated  with  a  fracture  of 
the  humerus.  On  each  side  of 
the  narrowed  portion,  the  vessel 
was  distended  for  a  short  distance  by  coagulated  blood.  Ordinarily  the  clot, 
as  in  thrombosis  from  other  causes,  extends  centralward  in  a  conical  form  as 
far  as  the  first  collateral  branch.  Peripherally,  the  length  of  the  thrombus 
varies.  It  may  fill  the  main  branch  and  invade  the  smaller  arteries  or  it 
may  terminate  like  the  central  portion  near  a  large  collateral.  Upon  its 
extent  and  upon  the  activity  of  the  collateral  circulation  depends  the  integrity 
of  the  limb.  If  the  injury  is  confined  to  the  artery  alone  and  the  vessels 
are  healthy  and  the  collaterals  abundant,  no  harm  need  follow;    indeed,  it 


Fig.  70. 


Fig.  71. 


Figs.  70  and  71. — Contusion  of  the  Brachial  Artery 
from  Fracture  of  the  Humerus.  (From  Cloquet,  in 
Revue  de  Chirurgie,  1898,  page  298.) 

In  Fig.  70,  which  gives  a  view  of  the  artery  as  seen 
from  the  outside,  note  the  distention  of  the  vessel  on 
each  side  of  the  contused  area.  In  Fig.  71,  which  gives 
a  view  of  the  vessel  after  it  has  been  laid  open,  the  divis- 
ion of  the  inner  coats  at  the  distended  spots  is  shown. 
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is  lii^;lily  probable  that  in  most  cases  of  this  sort  the  diagnosis  is  never  sus- 
pected. If  the  clot  forms  slowly,  ample  opportunity  is  afforded  for  the  develop- 
ment of  iin  adequate  collateral  circulation,  which  becomes  progressiveh^  more 
(efficient  the  more  the  lumen  is  closed;  thus  i)ulsation  may  never  be  absent  from 
the  i)c>ripheral  vessels,  even  though  the  artery  at  the  contused  point  becomes 
impervious,  l^ut  if  the  vessels  are  narrowed  by  disease,  or  if  the  collaterals  are 
involved  in  the  injury  or  compressed  by  extra vasated  blood  or  a  tight  bandage, 
the  collateral  circulation  will  be  insufficient  and  the  thrombosis  ma}^  extend  to 
the  finer  vessels.  If  the  venous  circulation  is  not  blocked,  however,  the  aiteiy 
beyond  the  occluded  portion  generally  empties  itself  and  will  be  found  emjjty. 
In  either  event  the  limb  falls  into  gangrene.  Another  possible  factor  in  the 
l)roduction  of  gangrene — one  which  has  been  urged  by  several  French  writers — 
is  the  detachment  of  portions  of  the  clot  during  the  formation  of  the  thrombus, 
the  emboli  plugging  the  smaller  vessels  and  leading  to  circumscribed  gangrene. 

Symptoms. — The  amount  of  shock  present  will  depend  principally  upon  the 
nature  of  the  vulnerating  force  and  the  extent  of  the  complicating  lesions.  There 
may  or  may  not  be  an  external  wound  in  the  skin.  Of  thirty-two  cases  in  which 
this  point  is  mentioned,  the  skin  was  intact  in  twenty-five  (Herzog);  but  the 
perivascular  tissues  will  generally  be  more  or  less  contused  and  infiltrated  with 
blood  from  rupture  of  the  smaller  vessels.  In  a  few  instances,  however,  the 
environing  tissues,  as  well  as  the  skin,  present  no  gross  changes.  Hemorrhage 
from  the  contused  artery  itself  does  not  occur  primarily,  and  secondary  hem- 
orrhage, when  it  does  occur,  is  practically  always  due  to  ulceration  of  the 
vessel  the  result  of  sepsis.  In  the  presence  of  an  open  wound  discoloration  of 
the  external  tunic,  with  perhaps  a  hardening  due  to  the  thrombus,  might  be 
detected.    The  latter  is  occasionally  felt  also  when  the  skin  is  unbroken. 

Rupture  of  the  inner  coats  of  an  artery  is  said  to  be  accompanied  by  a  sharp 
pain,  but  of  this  we  cannot  speak  definitely,  as,  if  such  does  occur,  it  must  always 
be  mixed  with  that  of  the  traumatism.  The  only  positive  clinical  signs  of  a 
subcutaneous  contusion  of  an  artery  are  those  of  obliteration  of  the  vessel. 
This  is  always  accompanied  by  pain  in  the  limb  below,  as  the  result  of  the 
ischsemia.     Pain  may  or  may  not  be  present  at  the  point  of  thrombosis. 

Cessation  of  pulsation  in  the  vessels  below  the  injured  part  occurs  suddenly 
when  the  thrombus  is  rapidly  formed  or  when  a  large  portion  of  the  clot  becomes 
detached  and  forms  an  embolus  which  lodges  in  the  vessel  at  a  lower  point. 
AVhen  obliteration  is  retarded  the  pulse  gradually  becomes  more  and  more  feeble 
and  finally  disappears,  unless  in  the  mean  time  the  collateral  circulation  has 
become  freely  established.  There  are  on  record  several  instances  in  which  the 
pulse  was  at  first  as  strong  and  full  as  on  the  well  side,  but  in  which,  after  a 
number  of  hours,  it  could  no  longer  be  detected.  In  Bruemmer's  case  complete 
obliteration  did  not  occur  until  the  ninth  day.  Serious  symptoms  from  late 
obliteration  will,  however,  always  be  uncommon,  owing  to  the  opportunity 
afforded  for  the  collateral  vessels  to  dilate.  Theoretically,  the  pulsation  above 
the  thrombosed  area  is  more  energetic  than  normal,  but  this  sign  is  of  no  clinical 
value. 


214  AMERICAN  PRACTICE   OF  SURGERY. 

Loss  of  heat  in  the  injured  extremity  is  an  expression  of  the  absence  of  warm 
blood.  It  has  been  asserted  that  this  fall  in  temperature  is  preceded  by  a  brief 
elevation,  but  such  is  doubtful.  The  difference  in  the  temperature  in  the  two 
extremities  is  veiy  marked  and  is  easily  appreciated  by  the  hand,  but  may  be 
accurately  measured  with  the  themiometer.  In  Bruemmer's  case  the  difference 
in  the  temperature  of  the  legs  was  almost  ten  degrees  (centigrade). 

Pallor  results  from  the  anaemia,  but  if  there  is  much  blood  in  the  limb  at  the 
time  the  vessel  is  occluded,  or  if  the  venous  circulation  likewise  is  compromised, 
the  limb  becomes  purple  and  mottled.  '  The  sluggishness  or  absence  of  circula- 
tion is  easily  demonstrated  by  pressing  on  the  skin  with  the  finger;  in  the 
fomier  instance  the  color  slowly  creeps  back  into  the  white  spot  thus  made,  in 
the  latter  the  blanched  area  remains. 

Loss  or  diminution  of  tactile  sensation  may  be  quite  evident,  even  while 
severe  pain  is  experienced  in  the  limb;  and,  indeed,  pain  may  be  referred  to  the 
limb  even  after  gangrene  is  fully  established,  owing  to  the  irritation  of  the 
nerves  above.  The  area  of  cutaneous  insensibility  in  the  early  stages  is  often 
irregular  in  outline  and  does  not  always  correspond  with  that  of  the  pallor  and 
loss  of  heat.  Thus,  in  Picon's  case  (contusion  and  thrombosis  of  the  popliteal 
artery),  sensation  was  abolished  in  the  area  supplied  by  the  sciatic,  but  was 
preserved  in  the  parts  innervated  by  the  internal  saphenous  nerve.  The  anaes- 
thesia or  pargesthesia  may  vary  also  somewhat  from  day  to  day. 

Paresis  or  paralysis  of  the  limb  likewise  follows,  owing  to  the  deprivation 
of  blood. 

The  signs  mentioned  above,  when  marked  and  continued,  are  followed  by 
gangrene,  but,  when  present  in  a  lesser  degree,  complete  recovery  is  still  possible. 
Such,  however,  is  the  exception,  and  the  limb  usually  perishes  for  several  reasons. 
Unhke  simple  ligation  of  an  arteiy,  after  which  gangrene  is  comparatively 
rare,  in  a  contusion  the  accompanying  vein  also  may  be  thrombosed.  In  the 
thirty-four  cases  collected  by  Lejars  this  occurred  eight  times.  The  collat- 
eral vessels  too  are  apt  to  suffer  from  the  trauma,  or,  if  they  escape  direct 
injury,  they  may  be  compressed  by  the  extra vasated  blood  resulting  from  the 
associated  laceration  of  the  environing  tissues.  Even  without  a  total  rupture 
of  the  main  vessel  the  hgematoma  may  be  of  an  enormous  size  if  there  be  no 
external  wound  through  which  the  blood  may  escape.  Attention  has  already 
been  drawn  to  the  possibility  of  extension  of  the  clot  in  the  artery  and  to  the 
possibility  of  the  detachment  of  emboli,  both  of  which  occurrences  add  to  the 
chances  of  death  of  the  limb  or  at  least  a  portion  thereof. 

The  gangrene  may  be  moist  or  dry.  The  fomier  is  more  frequent,  as  the 
limb  is  generally  oedematous  and  filled  ^^ith  fluid,  o\^dng,  in  many  cases,  to  the 
interference  with  the  venous  return,  as  explained  above.  In  the  presence  of  a 
wound  or  abrasion  the  entrance  of  micro-organisms  is  facilitated,  and,  once 
lodged,  infection  here  finds  a  most  favorable  site  for  development,  owing  to  the 
depressed  vitality  of  the  tissues,  so  that  in  most  instances  a  traumatic  spreading 
gangrene  udll  be  inaugurated. 

Dry  gangrene  occurs  if  the  tissues  are  free  from  fluid  and  asepsis  can  be 
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maintained.  If  the  circulation  is  gmtluully  cut  off  \)y  u  slowly  o;ro\ving  thrombus 
and  if  the  satellite  veins  are  patent,  the  conditions  are  most  propitious  for  this 
form  of  local  death.  It  is,  therefore,  late  in  appearance  and  runs  a  much  more 
chronic  course  than  the  moist  variety.  Fvuthermore,  it  rarely  extends  beyond 
the  ankle  or  the  wrist,  and  is  often  irregular  in  its  distribution.  One  toe  or 
finger  may  shrivel  up  and  become  black,  or  all  but  one  may  be  thus  affected. 
Sometimes  the  process  advances  further  in  the  skin  than  in  the  subjacent  parts, 
or,  on  the  other. hand,  the  deeper  structures  at  the  upper  limit  of  the  gangrenous 
area  may  be  covered  by  li^dng  skin.  This  bizarre  arrangement  is  used  as  an 
argument  for  the  production  of  the  dry  circumscribed  forms  of  gangrene  by 
emboli. 

Finally,  we  must  not  fail  to  mention  the  influence  of  trophic  disturbances 
resulting  from  the  anaemia  or  concomitant  contusion  of  the  nerves. 

The  above  sjniiptoms  are  distinctly  referable  to  the  arteries  of  the  limbs. 
The  possible  effects  of  contusion  of  the  carotid  are  sufficiently  demonstrated  in 
Verneuil's  case:  a  man,  aged  forty-six,  was  caught  beneath  an  overturned  wagon 
and  sustained  a  contusion  of  the  neck.  Delirium  and  right  hemiplegia  followed, 
and  he  died  on  the  fifth  day  in  coma,  with  symptoms  of  cerebral  compression. 
At  the  autopsy  the  right  temporo-sphenoidal  lobe  was  softened,  and  in  the 
Sylvian  artery  a  clot  was  found  which  extended  down  as  far  as  the  common 
carotid.  The  internal  and  middle  coats  of  the  internal  carotid  w^ere  ruptured. 
Thrombosis  of  the  visceral  arteries  is  dealt  wdth  in  other  parts  of  this  work. 

Diagnosis. — The  signs  of  interruption  of  the  blood-stream  given  above 
should  always  be  sought  when  one  has  to  deal  vdth.  injuries  like  a  fracture,  a 
dislocation,  or  a  severe  contusion,  particularly  when  caused  by  the  kick  of  a 
horse  or  by  a  crushing  accident.  This  is  frequently  neglected,  and  subsequent 
gangrene  is  likely  to  be  ascribed  to  improper  treatment,  as  in  the  case  previously 
mentioned.  The  same  ad\'ice  applies  vriih  equal  force  to  the  examination  of 
the  condition  of  the  nen^es,  with  which,  however,  we  are  at  present  not  concerned. 
It  is  possible  that  the  pulse  may  be  absent  in  a  fracture  or  a  dislocation,  owing 
to  pressure  upon  the  arteiy  in  question,  but  such  will  be  ciuickly  deteiTnined  after 
the  reduction  of  the  deformity.  In  the  absence  of  conditions  like  those  just 
mentioned,  interference  wdth  the  local  circulation  after  an  injury  is  due  to  a 
contusion  or  a  wound  of  the  arteiy.  Depending  upon  the  pulse  alone,  however, 
one  might  be  misled  by  the  normal  variations  which  are  sometimes  encountered 
betw^een  the  arterial  pulsations  of  the  two  limbs  or  by  such  conditions  as  a  uni- 
lateral cer\dcal  rib,  a  pre-existing  tumor,  aneurysm,  etc.  Signs  of  obUteration 
of  the  vessel,  in  the  absence  of  a  ha^matoma,  particularly  if  associated  with 
induration  along  the  artery,  clearly  point  to  a  contusion  of  the  vessel.  In  the 
presence  of  a  large  hsematoma  the  probability  of  a  rupture  of  the  artery  must 
be  taken  into  consideration.  If  the  hsematoma  has  an  expansible  pulsation 
and  if  a  bruit  can  be  heard  on  auscultation, — in  other  words,  if  a  false  aneurysm 
is  formed, — the  arteiy  must  necessarily  be  opened.  These  signs  are  by  no  means, 
however,  alw-ays  present  when  the  arteiy  is  ruptured,  and  an  equally  large 
ha^matoma  may  be  found  after  a  simple  contusion.     In  these  cases  an  exact 
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diagnosis  may  be  impossible,  nor  should  it  cause  the  surgeon  any  inquietude, 
as  in  each  instance  incision  is  indicated. 

Prognosis. — In  contusions  of  the  arteries  of  the  extremities  the  danger  of 
death  is  mainly  due  to  complicating  injuries  or  to  subsequent  sepsis.  External 
wounds  are  generally  infected  and  add  greatly  to  the  danger.  A  moist,  septic, 
rapidly  advancing  gangrene  will,  of  course,  render  the  outlook  much  more 
gloomy.  In  an  uncomplicated  contusion  of  one  of  the  arteries  of  an  extremity 
the  danger  to  life  is  slight.  Obliteration  of  the  common  or  internal  carotid, 
resulting,  as  it  does,  in  auEemia  of  the  brain,  presents  a  much  more  grave  prognosis. 
About  one-half  of  those  suffering  from  a  recognizable  contusion  of  a  large  artery 
die.     Of  the  thirty-four  cases  collected  by  Lejars  sixteen  died. 

Aside  from  the  treatment,  the  prognosis  concerning  the  life  of  the  limb 
depends  upon  several  conditions,  but  will  always  be,  for  the  reasons  already 
given,  much  worse  than  after  simple  ligation.  If  the  vessels  of  the  limb  are 
narrowed  and  inelastic  as  the  result  of  atheroma,  the  chances  of  the  development 
of  an  efficient  collateral  circulation  are  slight;  injury  of  the  vein  or  of  the 
collateral  vessels  likewise  favors  gangrene.  Tissues  whose  vitality  has  been 
lowered  by  general  debilitating  diseases  will,  when  their  blood-supply  is  dimin- 
ished, succumb  more  quickly  than  normal  tissues.  Of  the  18  recoveries  in 
Lejars'  statistics  only  4  escaped  gangrene;  of  the  63  cases  collected  by  Herzog 
33  developed  gangrene.  It  should  be  recalled  that  gangrene  may  not  appear 
for  a  number  of  days  after  the  shutting  off  of  the  circulation,  and,  on  the  other 
hand,  that  a  limb  with  all  the  prodromes  of  gangrene  may  yet  survive  in  its 
entirety  or  suffer  only  a  limited  loss  of  tissue.  As  already  mentioned,  a  slowly 
forming  thrombus  with  retarded  obliteration  of  the  artery  may  afford  ample  time 
for  the  development  of  an  adequate  collateral  circulation. 

Treatment. — The  first  indication  will  be  to  combat  shock  if  such  be  present. 
Complications  likewise  will  need  attention,  and  they  may  be  of  such  a  nature 
as  to  preclude  the  possibility  of  diagnosticating  or  treating  the  contusion  of  the 
artery. 

As  soon  as  signs  of  arterial  obstruction  become  evident,  no  matter  what 
other  measures  are  deemed  advisable,  the  limb  must  be  carefully  disinfected, 
even  though  there  are  no  external  wounds.  The  nails  should  be  clipped  and 
cleansed  and  the  part  shaved.  It  should  be  thoroughly  but  gently  scrubbed 
with  soap  and  water,  a  piece  of  gauze  being  used  instead  of  a  brush,  as  the  latter 
is  too  harsh.  Next,  the  skin  should  be  washed  with  warai  bichloride-of-mercury 
solution  and  dried  with  sterile  gauze.  The  limb  may  now  be  enveloped  in  drj- 
sterile  gauze,  cotton,  or  wool,  held  in  place  by  a  lightly  applied  bandage,  as 
compression  of  all  sorts  must  be  avoided.  Slight  elevation  on  two  or  three 
pillows  should  be  secured,  in  order  to  drain  the  limb  of  venous  blood  without 
embarrassing  the  arterial  circulation.  In  addition  to  these  measures  the  part 
should  be  kept  warm  by  hot-water  bags  laid  alongside  of,  but  not  upon,  the 
limb.  In  brief,  the  indications  are  to  keep  the  part  dry,  warm,  sterile,  and 
slightly  elevated.  Gangrene  may  thus  be  prevented  or,  if  it  should  occur,  be 
forced  to  assume  the  dry  and  circumscribed  form. 
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With  the  dcveloimiont  of  aseptic  surgery  and  th(>  progress  which  has  been 
made  in  the  suturing  of  arteries,  more  active  procedures  demand  at  least  con- 
sideration. If  the  pulse  alone  has  disappeared,  if  there  are  no  signs  of  impending 
gangrene,  and  if  no  hirmatoma  is  present,  the  above  treatment  is  all  that  is 
needed.  A  ha-matoma  should  always  be  opened,  in  order  to  lessen  the  com- 
pression which  it  exerts  on  the  collateral  vessels.  If  the  hirmatoma  is  of  large 
size,  one  can  never  be  sure  that  the  artery  has  not  been  opened.  Hence,  in 
these  cases  incision  has  a  double  role — to  permit  evacuation  of  the  blood  and  to 
ascertain  the  condition  of  the  artery.  The  clots  adhere  strongly  to  and  infiltrate 
the  environing  tissues,  but  the  tissues  should  not  be  scrubbed  in  order  to  remove 
the  clots.  All  that  is  required  is  to  relieve  the  tension,  if  the  vessel  itself  has 
not  been  opened  and  if  no  other  complications  are  present.  If  bleeding  has 
completely  ceased  we  believe  it  good  practice  to  suture  the  wound  without 
drainage,'  as  the  latter  always  predisposes  to  infection,  particularly  in  bruised 
tissues. 

On  theoretical  grounds  ligation  of  the  artery  above  the  injured  part  has  been 
suggested,  in  order  to  prevent  the  detachment  of  emboli.  If  the  pulse  has 
disappeared,  indicating  complete  obliteration  of  the  vessel,  we  can  see  no  good 
reason  for  carrying  out  this  procedure;  if  the  pulse  is  still  present,  although  of 
lessened  force  and  volume,  we  believe  the  chances  of  embolism  should  be  accepted 
rather  than  completely  to  suppress  the  circulation.  Personally,  we  have  given 
some  thought  to  the  possibility  of  restoring  the  circulation,  after  thrombosis 
or  embolism,  by  opening  the  artery,  removing  the  obstruction,  and  then  suturing 
the  wound  in  the  vessel.  This  we  have  tried  and  we  believed  that  we  were  the 
first  to  adopt  this  course.  On  looking  over  the  literature,  however,  we  find  that 
we  have  been  anticipated  by  both  Ssabanajew  and  Lejars. 

Ssabanajew's  operation  was  performed  in  1S96.*  His  patient,  suffering  with 
polyarthritis  rheumatica,  was  suddenly  stricken  with  signs  of  gangrene  of  the  leg 
depending  upon  obstruction  of  the  femoral  artery,  which  was  believed  to  be  due  to 
an  embolus.  The  femoral  artery  was  exposed,  but  no  occlusion  was  found  in  the 
expected  situation.  Owing  to  the  desperate  condition  of  the  patient,  further  search 
was  deemed  inadvisable,  and  the  vessel  was  closed  with  sutures  and  the  limb 
amputated  at  a  lower  level.    The  patient  died,  nineteen  days  later,  of  endocarditis. 

Lejars'  patient  was  a  man,  aged  26  years,  who  was  caught  between  two  cars, 
sustaining  a  severe  contusion  of  the  left  inguinal  region,  f  Signs  of  thrombosis 
of  the  femoral  artery  were  in  evidence,  and  the  foot  became  gangrenous.  Six 
days  after  the  accident  the  artery  was  exposed  below  Poupart's  ligament,  a  soft 
black  clot  was  removed,  and  the  wound  in  the  vessel  was  closed  with  sutures. 
The  gangrene  progressed,  however,  and  one  month  later  the  leg  was  amputated 
below  the  knee. 

Our  first  case  was  reported  to  the  Phila.  Acad,  of  Surgery,  May,  1907.  The 
patient  was  a  man,  aged  60  years,  who  had  been  squeezed  between  the  tail-board 
of  a  wagon  and  a  wall.  Over  the  lower  portion  of  the  left  abdomen  and  upper  part 
of  the  corresponding  thigh  was  a  diffuse  swelling  due  to  extravasated  blood.     The 

*  Hoepfner,  Archiv  f.  klin.  Chir.,  Bd.  70,  S.  417,  1903. 
t  Bull,  et  mem.  de  la  soc.  de  chir.  de  Paris,  1902,  p.  609. 
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skin  was  unbroken  and  there  were  no  other  injuries.  Pulsation  in  the  tibial  vessels 
was  as  strong  and  full  on  the  left  as  on  the  right  side.  About  twelve  hours  after  the 
injury,  he  complained  of  severe  pain,  first  in  the  popliteal  space,  and  later  radiating 
down  the  leg  to  the  foot  and  toes.  The  pulse  disappeared  from  the  tibial  vessels 
and  popliteal  artery.  The  femoral  could  not  be  satisfactorily  palpated  because  of 
the  swelling  mentioned  above.  The  leg,  as  far  as  the  knee,  was  pale  and  cold,  and 
the  toes  and  foot  were  shrivelled.  Sensation  was  present  but  markedly  reduced 
in  the  entire  foot  and  leg.  There  was  no  power  in  the  toes,  and  the  ankle  could 
be  flexed  only  with  difficulty.  Movements  of  the  knee  were  unimpaii'ed.  The 
thigh  was  warm  and  apparently  in  the  same  condition  as  on  admission.  Owing 
to  the  condition  of  the  thigh,  the  very  sudden  onset  of  symptoms,  and  the  seat 
of  the  initial  pain,  it  was  believed  that  a  large  clot  embolus  had  been  swept  from 
the  point  of  injur}^  and  lodged  at  the  bifurcation  of  the  popliteal.  About  twelve 
hours  after  the  onset  of  pain  and  twenty-four  hours  after  the  injuiy  the  patient 
was  anesthetized  with  ether,  and  the  popliteal  artery  opened  by  a  small  longi- 
tudinal incision.  There  was  a  slight  flow  of  dark  blood,  but  no  clot  could  be 
found.  A  probe  was  gently  passed  up  into  the  artery  for  about  six  inches  and  no 
obstruction  was  found  nor  flow  of  blood  induced.  The  wound  in  the  artery  was 
closed  with  through-and-through  silk  sutures  and  the  edges  of  the  skin  approximated. 
A  longitudinal  incision  was  next  made  over  the  femoral  arter}^,  from  just  above 
Poupart's  ligament  downward.  The  sartorius  muscle  had  been  ruptured  and  all 
the  tissues  were  infiltrated  with  dark  clots.  The  vein  was  uninjured.  The  artery 
was  not  discolored,  but  was  hard  to  the  touch  from  Poupart's  ligament  down  to  its 
bifurcation.  Poupart's  ligament  was  severed  in  order  to  permit  an  assistant  to 
grasp  the  vessel  above  the  thrombus,  and  the  artery  was  opened  by  a  longitudinal 
incision.  After  the  clot,  which  was  almost  black  in  color  and  firmly  adherent,  had 
been  removed,  it  was  discovered  that  a  calcified  portion  of  the  intima,  like  a  valve, 
had  been  turned  into  the  artery  from  the  anterior  wall,  probably  occluding  it 
one-half.  The  posterior  wall  of  the  arteiy,  although  calcareous  in  places,  was 
apparently  uninjured.  The  detached  atheromatous  plate  was  removed,  and  the 
compression  on  the  artery  diminished  for  an  instant,  in  order  to  wash  out  any 
remaining  debris.  The  arteiy  was  then  closed  with  through-and-through  silk 
sutures.  The  circulation  was  immediately  reestablished,  but  after  the  lapse  of 
a  brief  period  pulsation  below  the  injured  point  ceased.  The  arterial  stitches 
were  then  removed  and  the  lumen  of  the  vessel  was  again  found  filled  with  clot. 
This  was  removed  and  the  artery  resutured.  The  same  phenomena  were  repeated, 
and  the  hopelessness  of  securing  a  patent  lumen  by  simple  removal  of  the  thrombus 
was  realized.  The  injured  portion  of  the  artery  was  therefore  excised  by  a  diamond- 
shaped  incision,  with  the  idea  of  closing  the  wound  transversely.  This,  however, 
was  found  to  be  impossible,  and  the  artery  was  therefore  completely  severed  and 
each  end  split  on  the  posterior  wall,  the  flaps  thus  formed  being  turned  outward 
and  the  segments  of  the  artery  united  by  through-and-through  silk  sutures,  which 
brought  intima  in  contact  with  intima.  Although  the  circulation  was  again 
reestablished,  pulsation  in  the  artery  below  the  site  of  anastomosis  had,  at  the 
time  when  the  skin  wound  was  sutured,  become  veiy  feeble,  and  no  pulse  could 
be  felt  in  the  tibial  vessels.  The  gangrene,  which  was  of  the  moist  septic  type, 
necessitated  amputation  through  the  upper  thigh.  The  patient  recovered  from 
the  amputation. 
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Our  second  case  wa.s  one  of  embolism.*  The  patient  was  a  man,  aged  61  years, 
who  was  suddenly  attacked  with  severe  pain  in  the  right  foot,  which  rapitUy 
extended  to  the  lower  third  of  the  thigh  and  was  accompanied  by  all  the  signs  of 
obliteration  of  the  femoral  artery.  The  foot  was  shriveled,  and  the  leg  purplish 
as  far  as  the  upper  third.  Pulsation  could  not  be  felt  in  any  of  the  vessels  below 
the  bifurcation  of  the  femoral.  Thirty-six  hours  after  the  onset  of  pain  the  common 
femoral  arteiy  was  exposed  by  a  longitudinal  incision.  It  pulsated  vigorously  to 
within  one  inch  of  the  bifurcation.  From  this  point  to  the  bifurcation  it  was  hard, 
and  below  the  bifurcation  collapsed.  The  vessel 
was  isolated,  compressed,  and  opened  by  a  longi- 
tudinal incision  about  one  inch  long.  The  throm- 
bus was  Y-shaped,  corresponding  to  the  bifurcation, 
the  base  of  the  Y  being  about  one  inch  long  and 
tapering  at  the  tip.  The  limb  corresponding  to 
the  superficial  femoral  was  half  an  inch  long  and 
also  tapering  at  the  tip.  The  limb  corresponding 
to  the  deep  femoral  was  one  inch  long  and  likewise 
tapering.  The  color  of  the  thrombus  was  dirty- 
white,  with  bright  red  spots  and  black  blotches, 
except  the  terminal  half-inch  of  the  limb  corre- 
sponding to  the  deep  femoral,  w-hich  was  jet  black. 
(Fig.  72.)  The  intima  w^as  smooth,  although  the 
vessel  wall  was  decidedly  thickened.  On  removal 
of  the  thrombus  blood  fiow^ed  freely  from  the  pe- 
ripheral part  of  the  deep  femoral,  but  not  from  the 
peripheral  part  of  the  superficial.  The  vessel  w^as 
closed  with  a  continuous  through -and -through 
suture  of  silk,  and  over  this  was  placed  a  second  layer  uniting  the  outer  coats 
only.  Pulsation  immediate^  reappeared  in  the  femoral  below  and  m  the 
popliteal,  but  not  in  the  tibial  vessels.  The  skin  wound  was  closed  without 
drainage.  After  operation  pulsation,  of  about  one-half  the  natural  strength, 
continued  in  the  popliteal  for  three  daj^s,  then  began  to  grow  weaker,  and  finally 
disappeared  on  the  eighth  day.  In  the  mean  time  a  large  vessel  on  either  side  of 
the  pateUa  (superior  external  articular,  anastomotica  magna)  pulsated  more 
vigorously  as  the  pulsation  in  the  popHteal  became  weaker.  The  pain  in  the  leg 
continued,  being  particularly  marked  in  the  popliteal  space.  The  line  of  demarca- 
tion which  formed  was  an  irregular  oval,  the  msicle  reaching  to  the  junction  of  the 
lower  with  the  middle  third  of  the  leg,  and  the  outside  to  the  junction  of  the  upper 
and  middle  thnds.  In  the  deeper  structures  the  gangrene  ascended  to  a  higher 
level.  Forty-two  days  after  the  first  -operation  the  leg  was  amputated  below  the 
tubercle  of  the  tibia,  lateral  flaps,  of  equal  length  being  employed.  About  fifteen 
ligatures  w^ere  necessary,  and  the  bone  bled  freely  on  section.  The  popliteal 
arterj^  contained  a  small  clot,  and  a  probe  passed  up  into  the  artery  for  several 
inches  caused  a  sHght  flow  of  blood. 

Since  the  cases  noted  above  were  reported  three  others  have  been  brought  to 
light.  Handley  t  attempted  to  wash  an  embolus  from  the  left  common  ihac 
arter}',  twelve  hours  after  its  impaction,  by  passing  a  ureteral  catheter  through 

*  Trans.  Pliila.  Acad,  of  Surgery,  1907.  t  Brit.  Med.  Jour.,  Sept.  21st,  1907. 


Fig.  72.  —  Thrombus  Removed 
from  Femoral  Artery:  actual  size. 
(Dr.  Stewart's  case.) 
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the  profunda,  femoral,  and  external  iliac,  and  using  salt  solution.  He  succeeded 
in  inducing  a  flow  of  blood  through  the  catheter.  Death  occurred  twenty-four 
hours  later.  Moynihan  *  removed  an  embolus  from  the  popliteal  artery,  sub- 
sequently suturing  the  wound  in  the  vessel.  The  patient  lived  four  days. 
Doberauer  f  removed  an  embolus  from  the  axillary  artery  fifty-two  hours  after 
its  impaction.  Thrombosis  occurred  as  soon  as  the  vessel  was  sutured,  and 
an  anastomosis  was  made  between  the  artery  and  the  vein,  but  whether  it 
checked  the  gangrene  or  not,  we  are  unable  to  state. 

Perhaps  the  first  thought  which  strikes  one  after  reading  the  above  cases  is 
the  inability,  which  was  encountered  in  two  instances,  to  locate  definitely  the 
obstruction  by  the  mere  symptoms.  In  our  first  case  we  feel  sure  that  the 
mistake  would  not  have  occurred  could  we  have  palpated  the  femoral  artery 
itself.  It  seems  that  the  symptoms  are  not  caused  by  the  thrombus  itself  or 
even  by  the  sudden  impaction  of  an  embolus,  but  are  the  result  of  the  arterial 
obliteration — i.e.,  of  the  acute  anaemia.  Thus,  the  pain,  etc.,  are  referred  to 
the  area  from  which  the  blood  is  shut  off  and  not  to  the  seat  of  obstruction. 

It  will  be  seen,  however,  that  the  operation  of  thrombectomy  or  embolectomy, 
if  it  may  be  so  called,  can  be  readily  performed  without  danger  of  secondary 
hemorrhage.  We  believe  it  to  be  indicated,  particularly  when  the  intima  is 
smooth,  and  that  to  be  of  value  it  must  be  performed  as  soon  as  possible  after 
the  arterial  obstruction  develops.  Even  •  though  the  vessel  again  becomes 
obstructed  with  clot,  this  may  form  slowly  and  give  the  collateral  vessels  a 
chance  to  dilate,  thus  saving  at  least  a  portion  of  the  limb.  The  chief  difficulty 
after  arteriotomy  for  thrombosis  is  to  prevent  the  re-formation  of  the  thrombus, 
a  difficulty  which  would  not  be  encountered  in  dealing  with  an  embolus  soon 
after  its  lodgment.  A  thrombus  intimately  adheres  to  the  internal  tunic  and 
can  be  completely  removed  only  with  some  difficulty,  thereby  subjecting  the 
delicate  lining  membrane  of  the  artery  to  further  injury.  If  the  artery  is  simply 
opened,  the  clot  removed,  and  the  vessel  sutured,  the  cause  of  the  thrombosis — 
i.e.,  the  multiple  cracks  in  the  intima  or  the  curling  up  of  the  internal  coats — 
is  not  suppressed,  and  the  thrombus  will  quickly  re-form.  There  are  several 
ways  in  which  this  may  possibly  be  prevented.  If  the  contusion  is  sufficiently 
limited,  the  injured  portion  of  the  artery  may  be  resected,  and  the  vessel  anas- 
tomosed by  Carrel's  technique.  The  advantages  of  this  method  over  Murphy'? 
anastomosis  by  invagination  are  quite  obvious,  as  the  latter  considerably  di- 
minishes the  lumen  of  the  vessel  and  does  not  permit  of  the  removal  of  as  much 
artery  as  the  former.  The  technique  of  these  operations  is  given  on  a  later 
page.  The  extent  of  vessel  which  may  be  excised  without  exerting  too  much 
tension  on  the  sutures  will  vary  somewhat  with  the  situation.  Thus,  in  re- 
sections near  joints,  flexion  may  be  utilized  to  diminish  tension,  while  in  other 
situations,  particularly  where  the  artery  is  bound  to  the  surrounding  parts  by 
branches,  it  will  be  impossible  to  effect  anastomosis  after  the  removal  of  a  large 
extent  of  the  vessel.  Severance  of  the  collaterals  for  the  purpose  of  facilitating 
anastomosis  would  of  course  be  contra-indicated.  Kuemmel  was  able  to  approxi- 
*  Brit.  Med.  Jour.,  Sept.  28th,  1907.  t  Prager  med.  Woch.,  1907,  No.  33. 
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mate  the  ends  of  a  femoral  artery  after  resecting  5  cm.  during- an  operation  for 
cancer  of  the  inguinal  region,  and  Ferguson  after  resecting  one  inch  of  the 
popliteal  for  a  gunshot  wound;  in  each  instance  the  Murphy  method  was  em- 
ployed. 

Another  method  of  restoring  the  circulation  after  traumatic  thrombosis, 
which  at  once  suggests  itself,  is  to  substitute  a  segment  of  a  vein  for  the  injured 
portion  of  the  artery,  a  procedure  which  has  already  been  employed  in  the 
treatment  of  aneurysm,  as  we  shall  have  occasion  to  note  when  we  come  to 
discuss  the  treatment  of  the  latter  condition.  Whether  or  not  the  operation 
is  feasible  cannot  be  definitely  stated  at  the  present  time.  Experimentally, 
varying  results  have  been  obtained.  Hoepfner  performed  the  operation  in 
animals  ten  times,  a  segment  of  a  vein  being  transplanted  to  an  artery.  The 
vein  at  once  became  twice  the  size  of  the  artery.  The  swirling  of  blood  within 
it  could  be  seen  and,  as  in  aneurysm,  this  led  to  thrombosis.  Efforts  were  made 
to  prevent  the  dilatation  of  the  vein  by  doubling  it,  i.e.,  by  turning  one  end 
back  like  a  cuff  and  also  by  suturing  the  surrounding  tissues  over  it.  The 
ultimate  results  were  negative,  as  secondary  hemorrhage  occurred  in  one  and 
thrombosis  in  all  the  others.  Carrel  and  his  associates  have  been  more  fortunate 
in  the  transplantation  of  vessels  in  animals.  We  shall  have  an  opportunity  to 
speak  of  this  work  more  fully  on  a  later  page. 

Whether  or  not  the  companion  vein  may  advantageously  be  employed 
for  this  purpose  should  depend  upon  the  artery  involved.  It  would  be  a  mis- 
take to  transplant  a  segment  of  the  popliteal  or  the  femoral  vein  to  its  accom- 
panying artery,  as,  in  case  of  failure,  both  the  arterial  and  the  venous  circulation 
would  be  suppressed  and  the  chances  of  gangrene  would  be  very  great.  Prob- 
ably the  best  vein  to  substitute  would  be  the  external  jugular,  although  one  of 
the  brachial  veins  or  even  the  opposite  femoral  vein  might  be  employed.  If 
the  saphenous  vein  is  sufficiently  large  it  likewise  might  be  transplanted.  In 
the  arm,  where  there  are  two  vense  comites,  one  of  these  could  be  selected. 
In  the  neck  the  external  jugular  would  serve,  although  interruption  of  the 
circulation  in  one  of  the  internal  jugular  veins  is  not,  as  a  rule,  followed  by 
serious  consequences. 

Anastomosis  of  the  artery  with  the  vein,  either  lateral  or  end-to-end,  we 
beheve  to  be  useless,  for  the  reasons  already  given  when  we  discussed  this 
operation  for  beginning  gangrene.  If  gangrene  follows,  whether  or  not  the 
above  operations  have  been  employed,  the  treatment  of  this  condition  ^^dll 
depend  upon  its  nature  and  upon  the  condition  of  the  patient.  If  it  be  of  the 
dry  variety  and  if  the  patient's  condition  causes  no  concern,  the  measures 
indicated  above  for  maintaining  sterility,  excluding  moisture,  and  preserving 
the  Hfe  of  parts  of  undecided  \dtality,  should  be  continued  until  the  extension 
of  the  process  is  knowai  to  be  at  an  end,  when  amputation,  with  a  view  to  pre- 
serving as  much  of  the  limb  as  possible,  may  be  performed.  By  delay  in  these 
cases  parts  in  which  gangrene  seemed  at  first  inevitable  will  often  be  resuscitated, 
and  ample  opportunity  \\dll  be  given  for  the  development  of  a  collateral  circula- 
tion, which  will  permit  of  conservative  amputation.     Early  amputation  is  much 
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more  likely  to  be  followed  by  gangrene  of  the  stump,  unless  it  be  performed  at 
a  high  level. 

Moist  gangrene  should  be  treated  on  the  same  general  principles,  but,  if 
constitutional  symptoms  of  sepsis  appear,  early  amputation  will  be  demanded ; 
in  the  acute  spreading  variety  immediate  amputation  well  above  the  dead 
and  dying  tissue  is  imperative. 

Wounds  of  Arteries. — Wounds  of  arteries  are  penetrating  and  non-penetrat- 
ing.    We  shall  dispose  first  of  the  latter. 

Noiv-Penetrating  Wounds  of  Arteries. — Non-penetrating  wounds  of  arteries 
involve  the  outer  or  the  outer  and  middle  coats,  but  not  the  intima.  Little  is 
known  of  the  behavior  of  such  wounds,  as  they  do  not  cause  immediate  hemor- 
rhage nor  do  they  interfere  with  the  circulation.  Michaux  states  that  the  wound 
in  the  outer  tunic  widens,  but  that  a  hernia  of  the  internal  coats  does  not  occm-. 
It  is  quite  probable  that  a  wound  of  the  adventitia,  in  the  absence  of  sepsis, 
heals  without  engendering  any  untoward  sequelae.  If,  however,  septic  micro- 
organisms lodge  in  the  wound,  an  ulcerative  process  may  be  inaugurated  which 
will  finally  perforate  the  wall  of  the  artery  and  result  in  secondary  hemorrhage. 
Section  of  the  internal  and  middle  coats  is  a  more  serious  accident,  although 
this  statement  cannot  be  supported  by  accurate  clinical  facts. 

Experimentally,  an  incised  wound  of  the  outer  coats  produces  a  cicatrix 
which  is  more  solid  and  resistant  than  the  artery  itself.  Most  clinicians  believe, 
however,  that  scar  tissue  here  as  elsewhere  may  gradually  yield  under  constant 
pressure  and  give  rise,  after  a  longer  or  shorter  interval,  to  an  aneurysm.  Thus 
is  explained  the  arteriovenous  aneurysm  following  phlebotomy,  in  which  no 
signs  of  injury  of  the  artery  are  in  evidence.  That  hernia  of  the  internal  coat 
and  rupture  of  the  vessel  may  follow  such  accidents  we  believe  quite  possible, 
but  here  again  we  can  give  no  authentic  cases  to  fortify  our  opinion.  "When  a 
secondary  hemorrhage  or  an  aneurysm  follows  a  wound  in  the  neighborhood  of 
an  artery  one  cannot  be  sure  that  all  three  coats  were  not  wounded  at  the  time 
of  the  accident  and  that  the  aperture  was  closed  by  a  clot.  Guthrie  is  said 
to  have  seen  the  carotid  rupture  eight  days  after  a  wound  of  the  two  outer  coats. 

Penetrating  Wounds  of  Arteries. — Penetrating  wounds  of  arteries  may  be 
punctured,  incised,  lacerated,  and  contused  (ruptures,  most  gunshot  wounds). 

1.  Punctured  Wounds. — Punctured  wounds,  when  produced  by  very  fine  in- 
struments, such  as  intestinal  needles,  cause  but  little  hemorrhage,  which  is  easily 
and  permanently  controlled  by  pressure  applied  for  a  few  minutes.  Wounds  of 
this  nature  have  been  repeatedly  made  in  the  suturing  of  arteries,  the  tapping  of 
aneurysms,  etc.,  and  their  innocuousness  has  been  fully  confirmed.  Punctures 
of  a  larger  size  are  either  incised  or  lacerated  wounds,  according  to  the  nature 
of  the  vulnerating  instrument.  Although  there  is  almost  always  an  external 
wound,  such  is  not  absolutely  essential.  Colles  *  reports  a  death  from  a  punctured 
wound  of  the  aorta  due  to  a  fish  bone  which  had  been  swallowed  the  previous 
day.  Nolan  relates  a  somewhat  similar  case,  the  aorta  being  wounded  by  a 
sewing  needle  which  had  been  swallowed  by  a  lunatic.     Rokitansky  contributes 

*  "International  Ency.  of  Surg.,"  vol.  ii.,  p.  560. 
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a  case  in  which  the  point  of  an  inhaled  dart  i)i('rccd  the  iniioniinate  arteiy  * 
Punctures  by  osseous  spicules  from  fractures  are  not  fnujuent.  I^idoll  cites 
a  case  in,  which  the  subclavian  artery  was  punctured  by  a  sharp  fragment 
of  the  adjoining  first  rib,  which  had  been  fractured  by  a  bullet.  Occasionally  an 
artery  may  be  perforated  by  a  sharp  spicule  projecting  from  a  sequestrum. 
We  have  seen  one  case  of  this  character  in  which  the  popliteal  artery  was 
wounded  by  a  sequestrum  from  the  lower  end  of  the  femur.  Vascular  per- 
forations due  to  foreign  bodies  are  more  often  secondary  to  ulcerations. 
Poulet  t  collected  33  cases  of  ulcerative  perforation  of  large  blood-vessels  by 
foreign  bodies  which  had  emigrated  from  the  oesophagus.  In  17  the  aorta 
was  involved,  in  4  the  common  carotid,  in  2  the  vena  cava,  in  1  the  inferior 
thyroid,  in  1  the  right  coronary  vein,  in  1  the  vena  azygos,  in  1  the  right  sub- 
clavian artery,  in  1  the  oesophageal  arteries,  in  1  the  pulmonary  artcny, 
and  in  4  the  arteries  injured  were  unknown,  owing  to  the  absence  of  a  post- 
mortem examination.  Allien  complicated  by  an  external  wound  punctured 
wounds  of  arteries  may  be  inflicted  by  any  form  of  narrow  object — as,  e.g., 
scissors,  trocar,  needle,  knife,  dagger,  sword,  bayonet,  tenaculum,  stone,  splinter, 
etc.     Small  shot  likewise  may  produce  a  minute  opening  in  an  artery. 

The  finest  punctures  may  be  followed  by  no  hemorrhage.  Theoretically,  the 
tissues  of  the  artery  are  separated  without  being  wounded,  and  when  the  instru- 
ment is  withdrawn  they  resume  their  normal  place.  This  explanation  is,  of 
course,  not  absolutely  correct,  as  there  is  some  microscopic  destruction  of  the 
tissues,  but  the  elasticity  of  the  arterial  wall  serves  to  close  the  wound  im- 
mediately. A  punctured  wound  produced  by  an  instrument  as  large  as  an 
intestinal  needle  causes  slight  hemorrhage,  which  ceases  after  compression  for 
a  minute  or  two,  or  spontaneously  after  a  slightly  longer  interval.  Punctured 
wounds  of  larger  size  generally  continue  to  bleed,  but  occasionally  the  hemor- 
rhage ceases  spontaneously.  J.  L.  Petit,  over  one  hundred  and  fifty  years  ago,  set 
forth  the  mechanism  of  hsemostasis  in  these  cases,  and  his  explanation  must  still 
be  regarded  as  sound.  Owing  to  the  small  size  of  the  wound  and  frequently  to 
the  compression  of  the  environing  tissues,  a  clot  can  form  which  seals  the  artery. 
The  clot  is  shaped  like  a  tack  or  the  glass  stopper  of  a  bottle.  The  body  of  the 
tack  fills  the  wound  but  does  not  extend  into  or  interfere  with  the  blood  current. 
The  head  of  the  tack,  or  the  flange  of  the  stopper,  is  broad  and  contracts  ver}^ 
firm  adhesions  with  the  exterior  of  the  artery  and  the  neighboring  tissues.  If 
the  puncture  is  oblique,  so  that  the  wound  in  the  external  tunic  does  not  exactly 
overlie  that  of  the  internal  tunic,  and  particularly  if  its  direction  is  with  instead 
of  against  the  blood-stream,  coagulation  is  greatly  facilitated.  In  some  of 
these  cases  the  arterial  tunics  may  be  slightly  separated  by  infiltrated  blood. 
This  plug  of  coagulum  is  but  a  provisional  hsemostatic  agent.  It  may  be  dis- 
lodged at  a  later  period,  giving  rise  to  recurrent  or  secondary  hemorrhage. 
Definitive  hsemostasis  is  due  to  the  cicatricial  tissue  which  displaces  the  clot, 
the  latter  being  gradually  absorbed.  The  cicatrix  thus  formed  yields,  in  not  a 
few  cases,  after  weeks  or  months  and  gives  rise  to  an  aneurysm. 

*Agnew's  "System  of  Surgery."  f  "Traite  des  corps  etrangers  en  chirurgie." 
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2.  Incised  Wounds. — Incised  wounds  of  arteries  are  of  frequent  occurrence. 
They  may  be  caused  in  many  different  ways,  but  are  most  frequently  the  result 
of  knife  wounds,  inflicted  accidentally  or  by  design.  Numerous  incised  wounds 
involving  the  vessels  are  produced  by  glass,  notably  in  the  upper  extremity. 
Sharp  spicules  of  bone  resulting  from  fractures  or  necrosis  likewise  may  make  a 
clean  cut  in  an  artery.  In  modern  wars  injuries  by  cutting  instruments  are 
uncommon,  but  frequently  the  wound  caused  by  the  present-day  army  bullet 
is  of  an  incised  nature.  Wounds  in  this  class,  owing  to  the  smoothness 
of  the  section,  present  few  points  for  the  beginning  of  coagulation  and  no 
obstacles  to  retard  the  flow  of  blood;  hence  the  bleeding  is  more  profuse 
than  in  wounds  of  other  varieties,  and  spontaneous  hsemostasis  is  much  less 
frequent.  At  the  same  time,  owing  to  the  absence  of  contusion  and  to  the 
limited  destruction  of  tissue,  such  wounds  heal  with  great  rapidity  if  their 
edges  are  approximated. 

Incised  wounds  cause  complete  section  or  incomplete  section  of  a  vessel 
according  to  whether  the  circumference  is  wholly  or  partly  divided. 

In  the  case  of  a  complete  division,  when  involving  a  large  superficial  artery 
{e.g.,  the  femoral  or  the  carotid)  and  communicating  freely  with  the  exterior, 
a  fatal  result  generally  follow^s  in  a  few  minutes,  unless  immediate  aid  is  at  hand. 
If,  however,  the  vessel  be  of  a  smaller  size  and  be  deeply  situated,  particularly 
if  the  wound  through  the  superficial  structures  be  narrow  and  oblique,  spon- 
taneous cessation  of  hemorrhage  may  follow. 

Spontaneous  arrest  of  hemorrhage  is  described  under  two  headings — ^the 
provisional  or  temporary,  and  the  definitive  or  permanent. 

Provisional  Spontaneous  Hsemostasis. — Provisional  spontaneous  hsemo- 
stasis depends  upon  the  closure  of  the  orifices  of  the  severed  artery  with  clot, 
the  formation  of  which,  among  other  factors  to  be  mentioned  later,  is  facili- 
tated by  the  lessened  force  of  the  heart's  action  as  a  result  of  ansemia  of  the 
cerebral  centres  and  by  the  progressive  increase  in  the  coagulability  of  the 
blood  consequent  upon  the  hemorrhage.  Owing  to  the  inherent  elasticity 
of  an  artery  its  ends  retract  within  its  sheath  immediately  after  the  section. 
At  the  same  time  the  circular  muscular  and  elastic  fibres  contract  and  dimin- 
ish the  calibre  of  the  vessel  as  far  as  the  fii'st  collateral  branch.  The  inner 
surface  of  the  sheath,  which  lies  exposed  between  the  ends  of  the  severed  ves- 
sel and  over  which  the  escaping  blood  must  flow,  is  composed  of  fibrous  tissue 
rather  than  of  endothelial  cells,  and  hence  lacks  the  smoothness  of  the  intima 
and  presents  numerous  minute  eminences  which  favor  clotting.  The  same 
is  true  of  the  environing  tissues  into  which  the  blood  infiltrates.  The  clot 
thus  begun  increases  in  size  with  the  diminution  of  the  blood-pressure  until 
finally  it  completely  fills  the  sheath  and  covers  the  ends  of  the  vessel.  This 
external  coagulum  becomes  sufficiently  firm  to  resist  the  blood-pressure,  and 
gradually,  by  successive  deposits  of  fresh  clot,  penetrates  the  lumen  of  both 
ends  of  the  vessel,  thus  forming  the  internal  coagulum.  The  latter  is  conical  in 
form,  with  its  base  at  the  wound,  and  extends,  in  the  proximal  segment,  as  far 
as  the  first  collateral  branch,  thus  varying  in  length.     In  the  distal  segment 
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the  internal  coagulum  is  always  smaller.  Bleeding  checked  in  this  manner  may 
recur  as  the  result  of  increased  blood-pressure,  movements  of  the  patient,  oi- 
softening  of  the  clot  from  infection,  or  the  ha^mostasis  may  be  pcraianent. 

Definitive  or  Permanent  Spontaneous  Hsemostasis. — Definitive  or  perma- 
nent spontaneous  haemostasis  consists  in  the  displacement  of  the  clot  by  fibrous 
tissue,  and  is  practically  identical  with  the  process  of  repair  elsewhere.  The 
clot  becomes  firmly  adherent  in  the  region  of  the  wound,  but  may  be  easily 
separated  from  the  intima  at  other  points.  The  vasa  vasorum  in  the  walls 
of  the  artery  dilate,  and  leucocytes  immigrate  into  and  gradually  devour  the 
clot,  which  is  thus  removed.  At  the  same  time  the  intima  becomes  covered 
with  granulations  which  increase  in  number  and  finally  replace  the  clot.  This 
granulation  tissue  is  vascularized  by  new  vessels  springing  from  the  vasa  vaso- 
rum, and  is  in  time  transformed  into  firm  cicatricial  tissue,  which  contracts 
and  renders  the  end  of  the  vessel  more  or  less  pointed.  The  changes  are  said 
to  be  less  marked  in  the  distal  end  of  the  severed  artery,  probably  owing  to 
the  smaller  clot  present  and  the  diminished  blood  supply;  at  all  events,  sec- 
ondary hemorrhage  is  more  frequent  in  this  situation. 

Incomplete  section  of  an  artery,  or  a  lateral  incised  wound,  may  be  longi- 
tudinal, transverse,  or  oblique.  Longitudinal  wounds  of  small  size  have  the 
same  features  and  behave  in  the  same  manner  as  punctures.  Allien  more 
extensive  they  gape,  particularly  in  the  middle,  but  to  a  much  less  degree  than 
transverse  or  oblique  wounds.  The  first  accurate  study  of  spontaneous  healing 
of  wounds  of  this  character  was  made  byN.  Schultz,*  who  produced  longitudinal 
incisions,  1  to  4  mm.  long,  in  the  large  arteries  of  dogs,  and  then  sutured  the 
wound  in  the  skin  and  muscle  or  only  in  the  sheath.  In  most  instances  healing 
quickly  occurred.  The  wound  was  at  first  plugged  with  a  clot,  convex  outside 
and  convex  inside,  which  partly  closed  the  lumen  of  the  vessel  and  extended 
some  distance  centrally  and  peripherally.  It  was  found  that  during  the  first 
five  days  the  clot  shrank,  and  that-  it  was  finally  absorbed  from  within,  so  that 
there  remained  only  a  slight  outward  bowing  of  the  lumen,  formed  by  granula- 
tion tissue.  On  the  inner  side  of  this  sac  were  found  thick  endothelial  cells,  and 
later  the  granulation  tissue  gradually  became  transformed  into  fibrous  tissue. 
Wounds  of  from  1  to  1.5  mm.  long  were  closed  by  fibrous  tissue  in  eight  days, 
and  larger  ones  (2  or  3  mm.  long)  in  from  fourteen  to  twenty  days.  In  prepara- 
tions from  fifty  to  one  hundred  and  fifty-five  days  old  it  was  difficult  to  find  the 
wounded  place.  Under  favorable  circumstances  small  longitudinal  wounds  of 
large  arteries  may  heal  spontaneously,  but  there  is  always  danger  of  subsequent 
aneurysmal  dilatation. 

Small  transverse  wounds  become  rounded,  owing  to  the  longitudinal  elasticity 
of  the  artery,  and  may  be  regarded  as  punctures.  Larger  transverse  wounds 
become  oval  or  oblong  and  appear  as  if  button-holed,  so  that  permanent  spon- 
taneous heemostasis  occurs  much  less  frequently  than  in  complete  sections.  If 
the  section  involves  more  than  half  the  circumference  of  the  vessel  natural  arrest 
of  bleeding  is  very  rare  indeed  unless  the  ends  of  the  vessel  are  joined  by  the 

*  Deutsche  Zeitschr.  f.  Chir.,  Bd.  ix.,  1878. 
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smallest  shred  of  tissue,  when  bleeding  may  cease  in  the  manner  already  indicated 
for  complete  transverse  wounds. 

Oblique  wounds  require  no  special  description.  They  approach  in  behavior 
the  transverse  or  the  longitudinal  wounds,  according  to  the  degree  of  obliquity, 
and,  generally  speaking,  are  less  dangerous  than  the  former  and  more  dangerous 
than  the  latter. 

3.  Lacerated  and  Contused  Wounds. — Lacerated  wounds  of  arteries  are  those 
whose  edges  are  more  or  less  irregular  and  frayed;  practically,  there  is  almost 
always  some  amount  of  contusion  present.  These  wounds  are  caused  by  tearing 
or  crushing,  or  by  some  other  form  of  blunt  violence.  A  spontaneous  rupture 
of  an  artery  also  causes  a  lacerated  wound.  Like  punctured  and  incised  wounds, 
lacerations  of  arteries  may  or  may  not  be  accompanied  by  an  external  wound. 
Some  authors  class  the  latter  as  ruptures,  which  they  describe  under  a  separate 
heading,  together  with  partial  ruptures — i.e.,  ruptures  of  the  internal  or  in- 
ternal and  middle  coats.  We  believe  that  complete  ruptures,  which,  from  a 
clinical  standpoint,  are  always  lacerations,  should  be  studied  under  this  head- 
ing, while  partial  ruptures,  or  contusions  as  we  prefer  to  call  them,  demand  a 
separate  consideration. 

(a)  Lacerated  wounds  caused  by  tearing  are  best  seen  in  those  cases  in  which 
a  limb  is  avulsed  from  the  body  by  machinery.  Tearing  is  partly  responsible 
also  for  the  vascular  injuries  sustained  in  some  crushing  accidents,  in  injuries  by 
explosives,  and  in  ruptures  due  to  dislocations  or  attempts  to  reduce  dislocations. 
A\nien  a  limb  has  been  torn  from  the  body,  the  hemorrhage  is  often  slight,  and 
frequently  the  main  artery  of  the  limb  can  be  seen  hanging  from  the  wound, 
throbbing  with  each  pulsation  of  the  heart,  but  without  permitting  the  escape  of 
blood.  In  such  cases  the  artery  is  drawn  upon  until  it  snaps  in  two.  The 
inner  coats  jdeld  first  and  contract  and  curl  up  within  the  vessel,  while  the 
adventitia  hangs  over  the  end  like  a  veil,  sometimes  in  a  twisted  form.  Bleed- 
ing, however,  is  occasionally  excessive,  and  death  may  occur  in  a  few  moments 
from  this  cause.  Injuries  of  this  character  produced  by  explosives  seem  to 
have  a  greater  tendency  to  bleed  than  those  caused  by  machinery. 

(6)  Gunshot  wounds  of  arteries  caused  by  the  leaden  bullet  are  almost 
invariably  lacerations,  although  when  produced  at  close  range  {i.e.,  when  the 
bullet  is  moving  at  a  very  high  velocity)  the  wounds  approach  in  appearance 
those  caused  by  sharp  instiTmients.  In  one  gunshot  wound  of  the  brachial 
artery  which  we  examined  very  carefully  and  in  which  a  portion  of  the  wall  had 
been  carried  away,  the  wound  was  as  smooth  as  if  made  with  a  sharp  knife. 
The  modem  bullet,  as  we  have  already  noted,  may  cause  a  wound  with  clean-cut 
borders,  one  which  has,  aside  from  some  slight  contusion,  all  the  characteristics 
of  an  incised  wound.  Either  forai  of  wound  may  cause  a  complete  or  an  incom- 
plete division  of  the  vessel.  Perforation — i.e.,  a  wound  passing  through  the 
artery  but  leaving  a  portion  of  the  wall  on  each  side  intact — can  occur  only  in 
the  largest  arteries  {e.g.,  aorta,  carotid,  innominate,  subclavian,  iliacs,  and 
femoral) . 

The  leaden  bullet  is  that  with  which  the  civil  surgeon  has  to  deal,  and  in 
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civil  life  gunshot  wounds  of  the  arteries  arc  not  of  frequent  occurrence.  Atten- 
tion has  ah-eady  been  drawn  to  some  of  the  reasons  for  this  fact.  (See  Contusions 
of  Arteries..)  In  order  to  open  an  artery  it  is  generally  necessary  for  the  leaden 
bullet  to  strike  the  artery  directly  while  it  is  moving  at  a  great  velocity;  otherwise 
a  contusion  rather  than  a  wound  results.  Thus,  if  the  bullet  has  already  traversed 
bone,  or  if  the  velocity  lias  been  lessened  by  other  means,  the  artery,  even  if 
in  the  track  of  the  bullet,  will  probably  escape  laceration.  In  the  War  of  the 
Rebellion  primary  lesions  of  the  blood-vessels  were  reported  in  only  485  instances, 
and  primary  hemorrhage  in  only  110  out  of  the  total  of  245,790  gunshot  injuries. 
This  does  not  include  arterial  lesions  in  association  with  other  grave  injuries,  nor 
the  cases  in  which  the  victim  died  on  the  battle-field.  Lidell  estimates  that 
more  than  fifty  per  cent  of  the  latter  died  from  hemorrhage. 

Complete  lacerations  by  the  leaden  bullet  behave  much  like  those  due  to 
other  causes  and,  owing  to  the  contraction  and  retraction  of  the  vessel,  hemor- 
rhage ma}^  cease  before  a  fatal  amount  of  blood  is  lost,  but  the  injuries  are  not  so 
favorably  disposed  for  spontaneous  haemostasis  as  those  caused  b\'  avulsion. 
Moreover,  the  wounds  are  often  infected,  and,  unless  the  vessel  is  permanently 
secured  b}"  a  ligature,  secondary"  bleeding  is  ver}^  prone  to  occur. 

Incomplete  lacerations  are  more  frequent  and  more  dangerous  than  complete 
lacerations,  as  the  wound  gapes  widely  and  the  vessel  cannot  retract  within  its 
sheath;  nor  is  curling  up  of  the  internal  coats  likely  to  occur.  If  the  wound 
freely  communicates  with  the  exterior  or  with  one  of  the  large  canities  of  the 
bod}^,  death  soon  occurs,  unless  artificial  means  are  adopted  to  control  the 
bleeding.  If  the  wound  in  the  soft  parts  is  deep  and  narrow  the  bleeding  may 
temporarily  cease,  as  the  ragged  walls  of  such  a  wound  offer  numerous  obstacles 
to  the  flow  of  blood  and  encourage  clotting.  A  similar  result  may  be  obtained 
when  the  wound  in  the  vessel  is  plugged  by  the  bullet,  by  particles  of  clothing, 
by  a  fragment  of  bone,  or  by  a  bit  of  lacerated  tissue.  In  some  of  these  instances 
an  internal  clot  may  be  fomied  and  the  bleeding  be  checked  pemianently,  but 
such  is  of  rare  occurrence,  and  recurrent  hemorrhage  follows  from  dislodgment 
of  the  clot  or  other  material  which  is  restraining  the  bleeding,  or,  at  a  later  period, 
secondary  hemorrhage  occurs  from  septic  softening  of  the  clot  or  sloughing  of 
the  devitahzed  arterial  walls.  If  the  wound  has  been  closed  by  packing,  suturing, 
bandaging,  muscular  contraction,  or  the  sliding  of  one  plane  of  tissue  upon 
another,  external  bleeding  may  not  be  noted,  although  the  vessel  continues  to 
leak,  thus  fonning  a  diffuse  traumatic  aneurysm.  A  smiilar  result  follows  when 
the  clot  which  is  occluding  the  wound  in  the  artery  gives  way  after  the  external 
wound  is  healed. 

As  the  result  of  experimental  studies  on  the  cadaver,  in  which  the  arteries 
are  empty  and  of  dmiinished  elasticity,  thus  favoring  wounds,  it  was  thought 
that  the  modern  army  bullet  would  invariably  sever  an  artery  if  it  were  in  the 
line  of  fire  and  that  primary  hemorrhage  would  occur  much  more  often  than  with 
the  old  bullet.  In  recent  wars,  however,  primary  hemorrhage  does  not  seem  to 
have  been  very  frequent ;  indeed,  reports  generally  state  it  to  be  rare  or  extremely 
rare.     Of  fourteen  hundred  wounded  in  the  Santiago  campaign  not  one  died  of 
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external  bleeding.  The  vessels  are,  of  course,  less  likely  to  be  injured  by  a 
small-calibre  bullet  than  by  one  of  large  calibre.  Most  observers  agree  that  a 
vessel  cannot  escape  injury  by  being  pushed  aside.  Owing  to  the  sterility  of 
the  wound  inflicted  by  the  modern  bullet  and  to  improved  wound  treatment, 
infection  and  secondary  hemorrhage  are  seldom  seen.  For  the  same  reasons 
aneurysm  will  be  more  frequently  encountered. 

''Experiments  on  the  cadaver  afford  very  uncertain  evidences  as  to  the 
probable  amount  of  hemorrhage  to  be  expected  from  wounds  with  the  small- 
calibre  rifle.  Nevertheless,  experience  thus  far  obtained  from  recorded  cases 
in  living  subjects  tends  to  show  that  the  old  saying,  'gunshot  wounds  do  not 
bleed/  has  been  but  little  affected  by  the  recent  changes  in  weapons.  In  past 
wars  an  average  of  about  one  per  cent  of  those  wounded  in  battle  have  come 
under  treatment  with  serious  injury  to  blood-vessels;  but,  considering  the 
smaller  calibre  and  the  fewer  complications  from  lodgment  and  deformity  with 
the  new  bullet,  in  future  this  percentage  should  be  reduced.  Partial  division 
of  vessels,  however,  where  hemorrhage  is  most  free,  appears  to  be  no  less  frecjuent 
with  the  new  bullets  than  with  the  old.  Primary  hemorrhage  in  gunshot  w^ounds 
usually  presents  one  of  two  extremes:  It  is  either  very  serious  and,  if  not 
arrested,  promptly  fatal;  or  it  is  slight  and  easily  controlled  by  compress  and 
bandage;  or  it  is  practically  absent.  Slow,  continuous  hemorrhage  rarely 
occurs  except  from  certain  wounds  in  the  abdomen,  liver,  and  lungs,  where 
the  conditions  for  its  spontaneous  arrest  are  unfavorable.  When  a  vessel 
of  large  size  is  opened,  fatal  hemorrhage  usually  follows  before  any  surgical 
aid  is  available;  while  smaller  ones  usually  close  spontaneously  from  con- 
traction and  coagulation,  which  light  compression  favors.  All  wounds  bleed 
more  or  less  for  a  time;  but  primary  hemorrhage  of  a  grave  character  will, 
no  doubt,  continue  to  be  rare  among  those  who  eome  under  treatment  on 
the  battle-field.  'Hemorrhage  as  met  with  in  military  practice  will  ordi- 
narily be  secondary,  occasionally  intermediary,  almost  never  primary.'" 
(Conner.) 

In  wounds  from  artillery  missiles  and  in  lacerations  by  fragments  of  bone, 
blood-vessels  of  large  size  may  be  torn  and  lie  for  some  time  in  a  state  of  local 
shock,  without  immediate  bleeding;  but  delayed  hemorrhage  in  such  cases  is 
very  frequent.  Among  1,105  of  the  Japanese  wounded,  Haga  found  12  cases  of 
troublesome  hemorrhage,  all  of  which  resulted  from  artillery  missiles,  and  in  all 
the  hemorrhage  was  more  or  less  delayed.  Hemorrhage  may  be  temporarily 
arrested  b)^  a  fragment  of  bone  or  a  piece  of  bullet  lodging  in  the  wound  in  the 
wall  of  a  blood-vessel,  and  then  it  is  likely  to  break  out  when  the  foreign  body  is 
displaced  during  transportation  of  the  wounded  or  w^hen  it  is  removed  by  the 
surgeon.  In  some  rare  instances  the  coats  of  a  blood-vessel  have  been  contused 
by  a  passing  missile,  so  as  to  result  in  necrosis  and  subsequent  hemorrhage  or  in 
aneurysm.  "Secondary  hemorrhage  in  gunshot,  as  in  other  injuries,  results 
from  suppuration,  which  will  rarely  appear  before  the  wounded  are  in  the 
hospital.  One  great  advantage  from  the  introduction  of  the  new  bullet  is  that 
wounds  made  by  it  are  less  liable  to  infection  and  suppuration,  with  all  the 


THE  PERICARDIUM,    HEART,   AND   BLOOD-VESSELS.         229 

(•oiis(Hiu(>iu'('s  which  follow  such  a  grave  coniijlication,  including  .sccontlary 
hemorrhage . "     ( Forwood . ) 

IMichaux  *  gives  the  following  resume  of  the  effects  of  the  new  projectile  in 
producing  arterial  wounds: — "(I)  Lateral  or  incomplete  wounds  are  clean-cut 
or  very  slightly  lacerated,  and  vary  in  diameter  from  one-sixth  to  two-thirds  of 
the  calibre  of  the  projectile.  All  the  tunics  are  sectioned  at  the  same  level  and 
there  is  no  trace  of  curling  up  of  these  coats  within  the  vessel.  (2)  Perforations 
can  exist  only  in  the  largest  arteries.  The  orifice  is  generally  double,  excei)t  in 
cases  in  which  the  projectile  or  particles  of  clothing  which  have  been  carried 
into  the  wound  lodge  against  the  posterior  wall  and  act  as  a  temporary  obturator. 
Both  openings  are  almost  always  clean-cut,  gaping,  and  rounded,  and  are  in 
diameter  the  size  of  the  projectile.  The  three  tunics  are  cut  neatly  without 
infolding  of  the  media  and  intima.  (3)  Complete  divisions  are  most  often  seen 
in  the  smaller  arteries  or  in  those  of  medium  calibre.  As  Chauverl  indicates,  the 
section  is  very  frequently  of  an  incised  nature  on  one  side  and  lacerated  on  the 
other.  Incurling  of  the  internal  tunics  is  never  observed,  but  these  membranes 
present  transverse  lacerations  such  as  are  found  in  contusions.  When  the  vessel 
which  has  been  carried  away  by  the  projectile  has  been  solidly  fixed  at  some 
distance  from  the  point  of  injurj^,  the  wound  is  identical  with  that  occurring  in 
avulsion  accidents.  In  ricochet  shots  the  bullet  may  be  deformed,  and  alwa3^s 
moves  with  a  much  diminished  velocity;  hence  the  wounds  are  much  like  those 
caused  by  the  leaden  bullet,  even  to  the  liability  to  infection."  (See  also  the 
article  on  "Gunshot  Wounds"  in  Vol.  II.) 

(f )  Crushing  injuries,  such  as  are  frequently  seen  after  run-over  and  machinery 
accidents,  generally  produce  contused  and  lacerated  wounds  of  arteries.  The 
inner  coats  are  curled  up  within  the  vessel  while  the  external  coat  is  drawn  out. 
Hence  grave  primary  hemorrhage  is  rare,  but  reactionary  bleeding  the  rule, 
unless  the  ends  of  the  vessel  are  permanently  secured.  The  mechanism  is  much 
like  that  of  ligation,  the  inner  coats  yielding  before  the  outer.  Occasionally 
the  section  is  clean,  the  coats  are  severed  at  the  same  level,  and  the  wound 
resembles  one  produced  by  a  sharp  instrument. 

(d)  Lacerations  of  vessels  by  fractures  and  dislocations  are  much  more 
uncommon  than  one  would  imagine  from  the  intimate  relations  of  the  vessels 
and  bones  in  many  parts  of  the  body.  Mention  has  already  been  made,  in  the 
preceding  pages,  of  other  forms  of  vascular  injury  produced  by  fractures. 
Lacerations  of  vessels  caused  by  the  same  force  {e.g.,  bullets,  etc.)  that  produces 
the  fracture  are,  of  course,  of  frequeat  occurrence,  and  this  fact  need  not  be 
further  emphasized. 

Lacerations  caused  by  the  fracture  itself  are  more  often  complete  than 
incomplete.  Gurlt  collected  25  cases  of  arterial  injury  in  fractures,  5  of  w4iich 
died;  of  the  remaining  cases  amputation  was  necessary  in  10.  Although  we 
have  had  the  unusual  opportunity  of  observing  a  large  number  of  fractures, 
we  have  never  seen  a  laceration  of  a  large  artery  due  to  the  fragments  themselves. 

Turner  f  has  recorded  a  case  in  which  death  followed  rupture  of  the  intercostal 

*  Duplay  and  Reclus,  tome  ii.  f  "International  Encyclopedia  of  Surgery." 
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artery  the  result  of  fracture  of  the  eighth  rib.  Several  cases  of  laceration  of 
the  iliac  vessels  the  result  of  fracture  of  the  pelvis  have  been  reported.  Fractures 
of  the  clavicle  are  more  likely  to  injure  the  vein  than  the  artery,  as  the  former 
is  protected  in  part  of  its  course  by  the  scalenus  anticus.  Taylor*  has  collected 
five  cases  of  wounds  of  the  subclavian  artery  the  result  of  fracture  of  the  clavicle. 
Four  arose  in  connection  with  fractures  produced  by  direct  violence  and  one 
from  a  fracture  produced  by  indirect  violence.  Taylor  reports  also  one  case  in 
which  the  innominate  artery  was  supposed  to  have  been  injured.  Gallois  and 
Piollet  t  collected  eleven  cases  of  simple  fracture  of  the  clavicle  complicated  by 
lacerations  of  the  large  blood-vessels.  The  subclavian  vein  was  involved  six 
times,  the  subclavian  artery  three  times,  and  the  internal  jugular  vein  twice. 
Death  followed  in  eight  instances.  Skey  and  Laurent  both  cite  cases  in  which 
the  brachial  artery  was  lacerated  by  a  sharp  fragment  of  a  broken  humerus. 
Several  instances  of  laceration  of  the  femoral  artery  due  to  the  fracture  of  the 
femur  may  be  found  in  the  literature.  The  lower  the  fracture  the  greater  the 
liability  to  injury  of  the  vessels.  Packard  mentions  eleven  cases  and  Nepveu  cites 
more  than  fifty  cases  of  injury  to  the  various  vessels  in  fractures  of  the  bones  of 
the  leg.  Von  Bergmann  J  has  recently  reported  two  cases  of  fracture  of  the  tibia 
with  rupture  of  the  popliteal  vessels.  Brunn  §  cites  a  number  of  cases  of  injuries 
to  vessels  as  the  result  of  epiphyseal  separation,  particularly  of  the  lower  end  of 
the  femur.  The  dislocations  in  which  injury  to  the  vessels  is  most  likely  to  occur 
are  those  of  the  shoulder  and  those  of  the  knee.  In  the  former  most  of  the  vas- 
cular lacerations  have  been  caused,  not  by  the  dislocation  itself,  but  by  attempts 
to  reduce  the  dislocation.  Hamilton  gives  the  histories  of  eighteen  cases  of  dislo- 
cation of  the  shoulder  in  which,  during  attempts  at  reduction,  the  axillary  artery 
was  ruptured,  two  in  which  the  artery  and  vein  were  ruptured,  and  two  in  which 
the  vein  alone  was  ruptured.  Guerin  is  said  to  have  torn  the  arm  from  the  body 
in  an  attempt  to  reduce  a  dislocation  of  three  months'  standing  in  a  woman  aged 
sixty-three.  Hessmann  1 1  has  recently  reported  a  case  in  which  the  axillary 
ruptured  in  a  shoulder  dislocation.  The  accident  is  most  likely  to  occur  in 
cases  in  which  the  arteries  are  diseased,  and  consequently  gangrene  is  very  apt  to 
follow.  Von  Bergmann  reports  five  dislocations  of  the  knee  with  rupture  of  the 
popliteal  vessels,  in  all  of  which  amputation  was  demanded.  One  should  recall 
the  possibility  of  tearing  the  main  vessels  when  forcibly  breaking  up  adhesions 
for  ankylosis,  particularly  in  the  shoulder  and  knee.  According  to  Quincke 
arteries  may  be  ruptured  by  a  severe  concussion  of  the  whole  body,  such,  for 
instance,  as  is  caused  by  a  fall  from  a  height. 

Wounds  of  the  aorta  are,  as  a  rule,  rapidly  fatal,  and  hence  seldom  come 
under  surgical  treatment.  "During  the  Civil  War  no  wound  in  the  aortic  arch 
or  in  any  part  of  the  thoracic  aorta  hved  long  enough  to  receive  hospital  treat- 
ment." (Lidell.)  This  is  not  always  the  case,  however,  as  the  histories  of  many 
cases  show.     Lidell  cites  a  case  in  which  the  abdominal  aorta  was  injured  by  a 

*  Annals  of  Surgery,  vol.  xxxviii.,  p.  649.  t  Reviie  de  chir.,  July  and  August,  1901. 

I  Centralblatt  f.  Chir.,  1905,  p.  147.  §  Beitraege  zur  klin.  Chir.,  Bd.  lii.,  p.  594. 

II  Centralblatt  f.  Chir.,  1906,  p.  152, 
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conoidal  ball,  the  patient  surviving  forty  days.  From  the  same  authority  we 
quote  the  followino;: — "Guattini  records  the  case  of  a  man  who  survived  an 
incised  wound  of  the  arch  of  the  aorta  eight  years.  Pelletan  relates  the  case  of  a 
man  who  lived  two  months  after  a  puncture  of  the  aorta,  near  its  origin,  by  a  foil. 
Heil  details  a  case  in  which  the  patient  lived  twelve  months  after  receiving  a  stab 
in  the  ascending  aorta.  Green  publishes  an  account  of  an  autopsy  held  on  a  man 
stabbed,  a  month  previously,  in  the  aorta  near  its  origin,  with  a  narrow  blade. 
In  the  Journal  de  Mcdecine  is  a  similar  historj'-  of  a  man  who  lived  six  days. 
Lerouge  inserted  in  Saviard's  'Observations  Chirurgicales,'  which  he  edited, 
an  account  of  a  similar  case,  the  patient  surviving  eleven  days.  Legouest  quotes 
a  unique  instance  of  recoveiy  from  punctured  wound  of  the  aorta,  the  cicatrix 
having  been  verified  a  year  subsequently,  at  the  autopsy,  after  the  occurrence 
of  death  from  pneumonia.  Demme  saw  a  young  Austrian  perish  from  secondary 
hemorrhage  four  weeks  after  the  reception  of  a  gunshot  injury  of  the  descending 
parti  of  the  thoracic  aorta.  Cases  of  rupture  of  the  aorta  from  external  violence 
have  been  recorded  by  Morgagni,  Laurencin,  and  St.  Leger,  and  a  specimen  of 
this  lesion  is  preserved  in  the  museum  of  St.  Bartholomew's  Hospital.  There 
is  also  a  preparation,  by  Professor  Theile,  in  the  Museum  of  Pathological  Anatomy 
at  Berne,  showing  a  laceration  of  the  arch  of  the  aorta,  which  was  not  fatal  until 
several  months  after  the  accident."  (Lidell.)  Bretano  *  reports  a  perforating 
gunshot  wound  of  the  aorta  by  a  7-mm.  bullet.  Laparotomy  showed  a  small 
retroperitoneal  hsematoma,  which  was  not  disturbed.  The  patient  died  at  the 
end  of  seventy  days  from  secondary  hemorrhage  from  the  liver.  The  autopsy 
showed  that  the  aortic  wound  had  been  closed.  Its  presence  had  not  been 
suspected  at  the  time  of  the  operation.  The  cases  cited  above  show  that  wounds 
of  the  aorta  are  not  without  the  sphere  of  the  surgeon,  and  that  their  repair 
by  artificial  means  is  a  possibility.  Doubtless  surgeons  in  the  near  future  will 
have  the  courage  to  attack  wounds  of  this  character  and  attempt  their  closure. 
Indeed,  this  has  already  been  done  for  a  wound  accidentally  made  during  the 
removal  of  a  retroperitoneal  sarcoma,  an  opening  1  cm.  in  length  being  closed 
with  silk  sutures.  The  patient  died  several  hours  later,  but  the  sutures  had 
held  and  no  leakage  had  occurred.!  Traumatic  ruptures  of  the  thoracic  aorta 
have  recently  been  studied  by  Revenstorf  |  who  reports  six  cases.  As  the 
result  of  experiments  on  animals  he  concludes  that  the  aortic  wound  is  really 
due  to  bursting.  The  sternum  is  forced  back  against  the  vertebral  colimm, 
and  it  so  compresses  the  aorta  that  it  bursts  at  a  higher  point.  In  other  cases 
the  heart  is  forced  to  the  left  and  the  lung  upward,  so  that  the  compression  is 
made  on  the  left  bronchus.  In  these  cases  the  vessel  yields,  not  so  much  from 
the  rise  in  blood-pressure  as  from  a  tearing  of  the  aorta.  Morgagni  saw  a  case 
in  which  the  descending  aorta  had  been  ruptured  liy  a  blow  on  the  back. 

Instances  of  rupture  of  most  of  the  abdominal  vessels  in  contusions  of  the 
abdomen  have  been  reported.     Legouest  observed  a  laceration  of  the  aorta 

*  Centralblatt  f.  Chir.,  1906;    Beilage,  p.  39. 

t  De  Page,  in  Revue  de  chir.,  Nov.,  1906,  p.  619. 

t  Mittheilimgen  aus  den  Grenzgebieten  der  Medicin  u.  Chirurgie,  Bd.  xiv.,  p.  4. 
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above  the  promontory  of  the  sacrum  resulting  from  the  kick  of  a  horse.  Sev- 
eral cases  of  rupture,  of  the  innominate  and  of  the  subclavian,  which  lived  for 
days  after  the  accident,  are  to  be  found  in  the  literature. 

Subcutaneous  rupture  of  the  axillary  artery  is  fatal  in  more  than  two-thirds 
of  the  cases,  according  to  Lidell.  He  mentions  one  case,  reported  by  Pelletan, 
in  which  the  artery  gave  way,  in  consequence  of  overstretching,  from  hanging 
by  the  hands,  to  relieve  rheumatism.  Lidell  mentions  also  a  rupture  of  the 
femoral  artery  caused  by  a  violent  muscular  effort,  a  rupture  of  the  external 
circumflex  from  a  blow  against  the  corner  of  a  table,  and  a  rupture  of  the  anterior 
tibial  from  the  blow  of  a  spade,  without  any  corresponding  breach  of  the  integ- 
uments. 

Symptoms. — The  symptoms  of  arterial  wounds  are  general  and  local. 

The  general  symptoms  are  those  of  acute  anaemia.  The  skin  and  mucous 
membranes  become  progressively  paler  from  the  loss  of  blood.  The  expression 
is  at  first  one  of  fright  and  apprehension,  and  toward  the  end  there  is  a  vacant 
stare.  The  skin  is  cooler  than  normal  and  generally,  but  not  always,  clammy 
from  perspiration.  The  temperature,  as  a  rule,  sinks  lower  and  lower  until 
death  occurs;  occasionally,  however,  it  remains  at  or  near  normal,  particularly 
when  the  bodily  heat  has  been  maintained  by  external  warmth.  The  pulse  is 
small,  dicrotic,  and  rapid,  and  its  tension  falls  until  it  finally  becomes  imper- 
ceptible. We  have  seen  one  case,  however,  in  which  death  occurred  from 
hemorrhage  about  twelve  hours  after  a  rupture  of  the  liver,  but  in  which  the 
pulse,  although  weak  and  exceedingly  compressible,  never  exceeded  one  hundred. 
The  respirations  increase  in  frequency  and  become  sighing  or  gasping  in  char- 
acter. The  patient  complains  of  lack  of  air  and  begs  in  a  feeble  voice  that 
the  window  be  opened.  (Air  hunger.)  Owing  to  anaemia  of  the  brain  there 
are  roaring  or  humming  sounds  in  the  ears,  a  mist  or  darkness  before  the  eyes, 
sometimes  with  strange  colored  spots  or  flashes  of  light,  general  disturbance 
of  sensation,  attacks  of  fainting,  vertigo,  and  occasionally  convulsions.  The 
mind  is  at  first  clear  and  the  patient  is  anxious  and  restless,  and,  perhaps  more 
often  than  in  any  other  condition,  he  realizes  the  extreme  gravity  of  the  sit- 
uation and  the  danger  of  impending  death.  At  a  later  period  the  mental 
faculties  are  benumbed  and  confused  and  coma  finally  supervenes.  Owing 
to  the  loss  of  fluid  from  the  vessels,  thirst  is  often  a  prominent  and  harassing 
symptom.  The  eyes  are  glassy  and  the  pupils  dilated  and  tardily  respon- 
sive to  light.  The  haemoglobin  is  said  to  be  greatly  diminished  in  amount. 
We  have  had  the  blood  examined  in  only  one  case  of  grave  internal  hemor- 
rhage, and  in  this  instance  the  hasmogiobin  was  above  the  normal.  The  truth 
is,  that  the  loss  of  haemoglobin  does  not  make  itself  apparent  in  the  ordinary 
blood  examinations  for  at  least  several  hours  after  such  loss;  hence  is  not  to  be 
relied  upon  for  diagnostic  purposes  in  suspected  acute  internal  bleeding.  The 
above  symptoms  vary  in  intensity  with  the  amount  of  blood  lost  and  the  rapidity 
with  which  such  loss  takes  place.  Vfhen  the  bleeding  is  so  sudden  and  violent 
as  to  be  mortal  in  a  few  minutes,  the  face  suddenly  becomes  livid,  or  deathly 
pale,  with  a  greenish  or  bluish  tinge;  the  lips  are  dark  in  color  and  the  pupils 


THE   PERICARDIUM,  HEART,  AND  BLOOD-\^ESSELS.         233 

widely  dilated;  the  breathing  is  suddenly  hurried,  then  long  and  gasping;  the 
Imibs  toss  to  and  fro,  and  death  occui-s  with  a  convulsion  or  with  general  twitch- 
ing of  the  .muscles. 

When  the  bleeding  is  more  gradual, — i.e.,  extending  over  a  number  of  days, — 
the  patient  is  slowly  exhausted.  S}Ticope  attends  the  slightest  exertion,  and 
not  infrequently  nausea  or  vomiting  accompanies  recoveiy  from  the  fainting 
attacks.  The  face  grows  thin  and  pale,  and  axlema  of  the  extremities  appeal's. 
The  pulse  is  soft,  rapid,  jerking,  the  arterial  tube  being  too  large  for  the  small 
amount  of  blood  which  it  contains.  Aniemic  nuninurs  are  detected  over  the 
heart. 

Loss  of  half  the  blood  contained  in  the  circulatory  apparatus  is  said  to  be 
almost  invariably  fatal.  The  amount  of  blood,  however,  which  is  necessary 
to  flow  from  the  vessels  in  order  to  produce  death  varies  greatly  with  the  in- 
dividual and  the  duration  of  the  bleeding.  A  sudden  loss  is  not  so  well  tolerated 
as  a  gradual  leakage,  and  very  young  or  very  old  indixiduals,  as  well  as  those 
whose  general  condition  is  depressed  from  disease,  succumb  more  quickly  than 
yomig  healthy  adults.  Women  are  said  to  bear  the  loss  of  blood  better  than 
men. 

After  the  bleeding  has  been  controlled  the  blood  pressure  gradually  rises, 
owing  to  the  contraction  of  the  blood-vessels  and  the  passage  into  the  circulation 
of  a  large  quantity  of  l3iiiph.  The  Ipnph  carries  with  it  hordes  of  leucocytes, 
and  hence  leucocytosis  persisting  for  several  daj's  is  commonly  observed  after 
the  loss  of  a  large  quantity  of  blood.  A  rise  of  temperature,  sometimes  continu- 
ing for  many  days,  is  also  of  common  occurrence,  and  is,  we  believe,  much 
more  frequent  and  of  higher  range  in  those  cases  in  wiiich  considerable  blood  is 
allowed  to  remain  in  the  tissues  to  be  absorbed.  The  temperature  in  these 
cases  is  often  irregular  and  may  be  interpreted  as.  indicative  of  sepsis. 

We  have  twice  observed,  after  serious  intra-abdominal  hemorrhage,  the 
appearance  of  blood  in  the  urine,  although  the  genito-urinaiy  apparatus  was 
in  no  way  concerned  with  the  condition  causing  the  bleeding. 

The  local  symptoms  of  arterial  wounds  may  be  studied,  from  a  clinical 
standpoint,  according  to  wiiether  the  blood  escapes  externally  or  is  retained 
in  the  tissues  or  one  of  the  ca^ities  of  the  body — in  other  words,  according  to 
wiiether  the  hemorrhage  is  external  or  internal. 

Arterial  wounds  communicating  with  the  exterior  by  a  large  wound  offer 
the  best  example  for  the  classical  description  of  arterial  hemorrhage.  The  blood 
is  bright  red  or  scarlet  in  color,  and  is  thrown  from  the  vessel  in  jets  sjmchronous 
with  the  systole  of  the  heart.  The  stream  does  not  intermit,  however,  between 
the  jets,  but  smiply  remits — i.e.,  the  volume  of  the  stream  is  greater  and  the 
blood  is  thrown  with  more  force  at  each  ventricular  contraction.  In  bleeding 
from  the  largest  arteries  a  distinct  hissing  somid  is  usually  heard.  The  bleeding 
is  not  confined  to  the  proximal  orifice  of  the  vessel  alone,  but  the  blood  from 
the  distal  orifice  is  apt  to  be  darker  in  color  and  to  flow  in  a  more  even  stream. 
In  many  parts  of  the  body,  notably  in  the  regions  of  the  palmar  or  plantar 
arches  and  in  the  neck,  the  distal  segment  of  the  art  en'  mav  bleed  with  almost  as 
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much  vigor  as  the  proxmial,  the  blood  issuing  in  jets  in  the  same  manner.  The 
volume  and  force  of  the  jet  vary  with  the  size  of  the  vessel  injured,  and  become 
less  marked  with  the  continuance  of  the  bleeding.  Owing  to  the  disposition 
of  the  soft  parts  about  the  vessel  or  to  the  depth  of  the  latter,  the  pulsatile 
character  of  the  bleeding  is  frequently  lost.  Pressure  on  the  artery  between 
the  wound  and  the  heart  arrests  the  bleeding,  unless  the  peripheral  segment  of 
the  vessel  is  liberally  supplied  with  collaterals.  Pressure  on  the  artery  distal 
to  the  wound  increases  the  bleeding  if  the  wound  is  incomplete,  but  has  no 
influence  upon  the  hemorrhage  if  the  artery  is  completely  divided.  The  pulse 
below  the  wound  is  absent  if  the  section  is  complete,  and  diminished  if  it  is 
incomplete.  Pallor,  loss  of  heat,  and  diminished  sensation  are  occasionally 
observed  in  the  limb  beyond  the  wound,  but  gangrene  seldom  occurs  when  the 
blood  has  a  free  exit  through  the  skin.  The  conditions  under  which  primary 
or  immediate  hemorrhage  does  not  occur  have  been  mentioned  above  (crushing, 
tearing,  etc.) .  In  most  cases  of  wounds  of  large  arteries,  excluding  those  produced 
on  the  operating  table,  the  primary  hemorrhage  has  ceased  spontaneously  or 
has  been  stayed  by  dressings  or  a  tourniquet  before  the  patient  is  seen  by  the 
surgeon.  Unless  definite  means  are  taken  to  secure  the  wounded  vessel  the 
increased  blood-pressure  coincident  with  reaction  from  shock  may  be  sufficient 
to  drive  the  obturating  clot  |rom  the  vessel  and  cause  a  reactionary  or  recurrent 
hemorrhage.  Such  hemorrhage  may  be  caused  also  by  movements  or  efforts 
on  the  part  of  the  patient,  by  exploration  of  the  wound,  by  the  removal  of 
foreign  bodies  which  temporarily  plug  the  opening  in  the  vessel,  etc.  Inter- 
mediary hemorrhage  may  be  caused  likewise  by  the  slipping  off,  untying,  break- 
ing, or  cutting  through  of  a  ligature. 

Secondary  hemorrhage  occurs  after  reaction  has  been  fully  established  and 
is  almost  invariably  due  to  sepsis;  indeed,  Delbet  suggests  that  it  be  called 
septic  hemorrhage;  but  occasionally,  in  the  largest  blood-vessels,  it  is  caused 
by  the  cutting  through  of  a  ligature  or  some  similar  accident.  Secondary 
hemorrhage  is  called  d'emhlce  (Legouest)  when  there  has  been  no  primary 
hemorrhage,  and  consecutive  when  there  has  been  a  primary  hemorrhage.  The 
peripheral  orifice  of  the  vessel  has  the  worst  reputation  in  respect  to  secondary 
bleeding,  as  it  is  here  that  the  clot  forms  more  slowly  and  is  less  dense.  Of 
3,245  hemorrhages  occurring  in  the  Civil  War,  3,135  were  secondary,  and  more 
than  three-quarters  were  noted  as  occurring  in  the  extremities.  Secondary 
hemorrhage  may  occur  at  any  period,  but  is  most  frequent  during  the  second 
and  third  weeks,  and  especially  about  the  end  of  the  second  week.  After  the 
third  week  secondary  bleeding  is  uncommon,  but  has  been  observed  even  during 
the  second  and  third  months.  If  the  vessel  has  not  been  secured  at  the  time 
of  accident,  secondary  bleeding  may  be  due  to  a  septic  softening  of  the  internal 
clot.  In  other  instances  it  is  due  to  the  sloughing  of  a  portion  of  the  arterial 
wall,  which  has  been  badly  contused,  to  the  fact  that  a  ligature,  a  spicule  of 
bone,  or  a  foreign  body,  ulcerates  into  the  artery,  and  occasionally  to  the 
extension  of  an  ulcerative  process  from  the  surrounding  tissues.  Since  the 
advent  of  antisepsis  secondary  hemorrhages  have  become  rare,  and  such  lengthy 


THE   PERICARDIUM,   HEART,   AND   BLOOD-VESSELS.         235 

discussions  of  this  subject  as  arc  found  in  the  older  works  on  surgery  are  no 
longer  needed.  While  reactionary  has  the  same  general  features  as  primary 
hemorrhage,  secondary  hemorrhage  frequently  manifests  itself  in  a  somewhat 
different  manner.  Thus,  it  is  generally  accompanied  by  septictemia  or  pyiemia, 
and  is  much  more  prone  to  attack  those  suffering  from  diabetes,  scrofula, 
nephritis,  alcoholism,  or  some  affection  of  the  liver,  largely  because  indi\'iduals 
with  these  maladies  are  predisposed  to  infection.  The  bleeding,  as  a  rule,  is 
not  at  once  fatal,  but,  owing  to  the  small  opening  which  at  fii-st  exists  in  the 
artery,  it  ceases  spontaneously,  the  opening  becoming  occluded  with  clot  as  a 
result  of  the  diminished  blood  pressure.  These  first  bleedings  may  be  slight 
in  amount,  but  are  of  ominous  import,  and  have  been  aptly  termed  signal  or 
alarm  hemorrhages.  The  hemorrhages  may  be  repeated  at  intervals  of  hours 
or  days  until  the  patient  is  exhausted,  or  there  may  be  a  sudden  and  ^'iolent 
hemorrhage  which  causes  death  in  a  few  minutes. 

^Mien  the  external  wound  in  the  soft  parts  is  small  and  is  occluded  by  clot 
or  other  means  the  local  symptoms  are  identical  with  those  of  subcutaneous 
wounds  of  arteries. 

Subcutaneous  wounds  of  artenes — or  ruptures,  as  many  authors  prefer  to 
call  them — present,  in  addition  to  the  constitutional  signs  of  anaemia  when 
the  loss  of  blood  is  large,  special  symptoms  depending  upon  the  location  of 
the  wounded  arter}'  and  the  tissues  or  ca\aty  into  which  the  blood  escapes. 

Unless  the  blood  escapes  through  an  external  wound  or  into  one  of  the  large 
ca\'ities  of  the  body  a  hctmatoma  which  conimunicates  with  the  Imnen  of  the 
artery  develops.  This  htematoma,  according  to  different  authors,  is  designated 
by  the  following  different  names:  diffuse  traimiatic  aneur3^sm,  false  aneur^'sm, 
aneurysm  Idv  extravasation,  diffuse  primitive  aneui^^sm,  diffuse  primitive 
aneurysmal  hsematoma,  primitive  traumatic  aneurysm,  and  diffuse  aneurysmal 
hiemotoma.  ^lichaux,  who  is  responsible  for  the  term  diffuse  aneurysmal 
hsematoma.  suggests  that  it  be  called  "primitive"'  when  fono\\-ing  a  wound  of 
an  artery  and  "consecutive"'  when  following  the  nipture  of  a  true  aneurysm. 
It  is  fomied  suddenly,  and  increases  in  size  with  a  rapidity  proportionate  to  the 
size  of  the  wound  in  the  artery  and  the  laxity  of  the  surroimding  tissues.  Thus, 
in  the  axilla  or  thigh  it  maj^  reach  an  enormous  size,  while  in  the  palm  of  the 
hand  or  at  the  l^end  of  the  elbow,  where  the  fascia  is  very  dense  and  resisting,  it 
is  generally  of  small  size.  The  constitutional  s^^nptoms  of  hemorrhage  are  apt 
to  be  marked  in  the  foraier  instance  and  absent  in  the  latter.  Owing  to  the 
sudden  stretching  of  the  tissues  by  the  extra vasated  blood  severe  pain  is  generally 
experienced.  The  blood  which  has  left  the  arteiy  is  transformed  into  soft  clot, 
which  is  constantly  augmented  by  the  leaking  vessel.  This  fact  explains  the 
clinical  phenomena  which  a  false  aneurj'sm  presents,  and  which  are  somewhat 
different  from  those  of  a  true  aneurysm.  The  swelling,  owing  to  its  tension,  is 
generally  firm,  particularly  at  its  borders.  Tme  fluctuation  is  seldom  obtainable 
unless  the  injured  vessel  be  small  or  obstructed.  The  skin,  aside  from  being 
stretched,  is  at  first  unaffected,  but,  in  the  course  of  a  few  hours  or  days,  depend- 
ing upon  the  depth  of  the  injured  vessel,  it  becomes  discolored  with  infiltrated 
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blood.  The  tumor  cannot  be  reduced  l:)y  pressure;  in  other  words,  the  soft 
clots  or  semifluid  blood  cannot  be  forced  to  re-enter  the  circulation.  Pulsation 
is  practically  always  present,  but  is  apt  to  be  less  marked  than  in  tiTie  aneurysm. 
Even  when  the  arteiy  is  plugged  the  tumor  may  exhibit  an  impulse  transmitted 
from  the  underlying  vessel.  Thrill  and  bruit  are  often  absent,  and  when  present 
are,  like  pulsation,  much  more  feeble  than  in  true  aneurysm.  These  signs  depend 
upon  the  size  of  the  orifice  in  the  vessel.  If  it  be  large  they  will  be  correspond- 
ingly intensified,  and  if  it  be  small,  oblique,  or  filled  with  clot,  they  will  be  feeble 
or  absent.  The  limits  of  the  swelling  are  not  clearly  defined  as  in  a  true  aneurysm, 
but  gradually  merge  into  the  surrounding  tissue.  The  cavity  is  irregular,  owing 
to  the  varying  resistance  which  the  tissues  present  to  the  pressure  of  the  ex- 
travasated  blood.  Even  when  the  wound  is  incomplete  the  pulse  beyond  is 
often  obliterated,  because  of  the  pressure  of  the  effused  blood;  hence  numbness, 
coldness,  pallor,  and  partial  paralysis  are  frequently  observed  in  the  limb  below, 
and  these  conditions,  if  relief  is  not  obtained,  terminate  in  gangrene.  In  a 
few  cases  in  which  the  opening  in  the  vessel  is  small  the  wound  may  cicatrize 
and  the  clot  be  absorbed  or  organized.  In  other  instances  the  opening  persists, 
and,  the  resistance  of  the  tissues  proving  greater  than  the  blood  pressure,  an 
aneurysmal  sac  is  formed.  If  the  tissues  yield  to  the  pressure  the  sac  ruptures, 
and  death  is  inevitable  unless  immediate  aid  be  at  hand.  The  same  result 
follows  suppuration  or  sloughing  of  the  tissues  which  restrain  the  extravasated 
blood.  In  general,  it  may  be  said  that  the  tendency  of  the  swelling  in  subcu- 
taneous wounds  of  the  major  arteries  is  toward  a  constant  increase  in  size,  very 
rapid  at  first  and  later  more  gradual.  Not  infrequently  the  growth  of  the  tumor 
is  intermittent,  owing  to  the  transitory  plugging  of  the  orifices  in  the  vessel  with 
clot. 

Of  the  special  sjrraptoms  which  follow  bleeding  into  the  cranium,  thorax, 
abdomen,  and  other  cavities  or  hollow  viscera  it  is  not  our  intention  to  speak, 
as  such  are  given  in  detail  on  the  pages  devoted  to  the  various  organs  thus 
affected.  We  must  not  fail  to  mention,  however,  the  dyspnoea  and  dysphagia 
which  may  follow  hsematoma  of  the  neck,  as  well  as  the  serious  cerebral  changes 
which  may  follow  injury  or  obliteration  of  the  common  or  internal  carotid  artery. 

Diagnosis. — The  diagnosis  of  wounds  of  arteries  presents  no  difficulties 
when  the  vessel  is  superficial  and  the  blood  escapes  externally,  the  signs  men- 
tioned above  then  being  quite  clear.  The  blood  is  never  dark  in  color  like  that 
coming  from  a  vein,  unless  the  patient  is  cyanosed,  but  even  then  it  escapes 
in  jets  and  is  diminished  or  entirely  checked  b}^  proximal  pressure  on  the  artery 
and  augmented  by  distal  pressure.  The  opposite,  except  in  varicose  veins  in 
which  the  circulation  is  reversed,  is  true  of  venous  hemorrhage.  In  wounds 
of  the  largest  veins  the  blood  may  escape  as  a  column  of  liquid,  but  ^'arely  in 
spurts  (see  Wounds  of  Veins),  although  in  certain  situations  {e.g.,  at  the  base 
of  the  neck)  it  may  be  irregular,  owing  to  the  effects  of  respiration,  straining, 
muscular  efforts.  As  already  mentioned,  proximal  pressure  may  fail  to  check 
arterial  hemorrhage,  notably  in  the  smaller  arteries  of  the  extremities.  When 
the  wound  in  the  soft  parts  is  deep  or  irregular,  or  when  the  blood  pressure  is 
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niai'kc(lly  lowered  from  the  loss  of  blood,  the  (low  may  be  eoiitinuous  instead  of 
remittent.  Absenee  of  the  pulse  below  and  the  signs  of  deficient  irrigation  of 
the  extremity — viz.,  pallor,  loss  of  sensation,  heat,  and  motion — are  not  so  often 
demonstrable  as  in  sulx'utaneous  wounds  of  arteries.  In  the  presence  of  serious 
bleeding,  however,  one  does  not  stop  to  note  carefully  these  signs,  but  proceeds 
at  once  to  suppress  the  loss  of  blood. 

In  the  presence  of  a  large  subcutaneous  collection  of  blood  it  is  not  always 
possible  to  determine  whether  or  not  an  important  artery  has  been  injured. 
Pulsation,  thrill,  and  bruit  may  be  absent  in  a  false  aneurysm,  and,  owing  to 
compression  of  a  large  neighboring  artery,  present  in  a  purely  venous  hematoma. 
In  cases  in  w^hich,  as  the  result  of  dislodgment  of  a  clot  or  the  yielding  of  the 
vessel-wall,  the  ha?matoma  forms  rather  slowly  some  time  after  the  injury,  the 
swelling  may  be  taken  for  an  abscess,  as  the  pain  is  often  severe,  and  fever  may 
be  present  from  the  absorption  of  fibrin  ferment.  This  statement  is  particularly 
applicable  to  the  arterial  hsematomata  which  form  beneath  dense  fascia,  notably 
at  the  elbow  and  in  the  palm  of  the  hand.  Apart  from  the  pain,  however,  the 
local  signs  of  inflammation  are  wanting.  Michaux  *  reports  a  case  in  which, 
owing  to  the  presence  of  sharp  pain  and  of  swelling  in  the  right  iliac  region, 
associated  with  vomiting,  a  diagnosis  of  appendicitis  was  entertained.  Operar- 
tion  revealed  a  large  hsematoma  of  the  right  rectus  muscle  due  to  spontaneous 
rupture  of  the  epigastric  artery.  We  saw  one  case  in  which,  because  of  pain  and 
hardening  of  the  thigh,  a  rupture  of  the  femoral  artery  was  mistaken  for  cramps 
by  the  attending  physician  and  vigorous  massage  was  instituted. 

The  diagnosis  of  injury  to  an  important  vessel,  although  desirable,  is  not 
essential  when  a  large,  tense  hsematoma  forms,  as  the  treatment  in  either  case 
is  the  same.  For  the  discussion  of  the  symptoms  of  cerebral  compression,  the 
signs  of  hsemothorax,  the  evidences  of  intraperitoneal  hemorrhage,  and  the 
diagnostic  value  of  hsematemesis,  hsematuria,  mela>na,  etc.,  as  the  result  of 
vascular  injuries,  the  reader  is  referred  to  the  articles  dealing  with  these  parts. 

Treatment  of  Arterial  Wounds. — The  treatment  of  all  varieties  of  wounds 
of  arteries  consists  in  the  immediate  control  of  hemorrhage  and  the  adoption 
of  measures  to  combat  the  constitutional  effects  of  the  loss  of  blood.  Let  us 
first  dispose  of  the  latter. 

The  Constitutional  Treatment  of  Hemorrhage. — The  constitutional  treatment 
of  hemorrhage  should,  whenever  possible,  be  inaugurated  w^hile  the  operation 
for  the  control  of  the  hemorrhage  is  in  progress.  Stimulants  and  measures  for 
raising  the  blood-pressure  must  be  postponed  until  this  time,  because  of  the 
danger  of  increasing  the  bleeding.  Efforts  should  be  made  to  supply  fluid  for 
the  heart  and  arteries  to  w^ork  upon,  to  economize  the  blood  which  remains  in 
the  body,  to  stimulate  the  heart  and  vital  nervous  centres,  and  to  supply 
external  heat.  The  first  indication  is  best  met  by  intravenous  infusion  of  salt 
solution  (see  article  on  "Minor  Surgery"),  which  should  be  sterile,  filtered,  and 
several  degrees  warmer  than  the  noraial  temperature  of  the  body.  Delbet  j 
has  shown  experimentally  that  the  blood-pressure  can  in  this  way  be  raised 

*  Revue  de  chir.,  Sept.,  1906.  t  Soc.  de  biol.,  June  6th,  1906. 
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about  1  cm.  a  minute.  One  may  introduce  the  solution  of  adrenalin  chloride, 
in  the  strength  of  from  1  in  50,000  to  1  in  100,000  of  salt  solution.  Other 
stimulants  also  may  be  injected  with  the  salt  solution.  Intravenous  infusion 
likewise  raises  the  bodily  heat;  indeed,  not  infrequently  there  is  a  chill  followed 
by  high  temperature.  The  procedure  is  direct  and  immediate  in  its  action  and 
is  therefore  to  be  preferred  to  the  subcutaneous  injection  of  salt  solution  (hypo- 
dermoclysis) ,  which  is  slower  and  more  apt  to  be  followed  by  infection  or  slough- 
ing, particularly  when  a  large  quantity  of  solution  is  introduced  in  one  place. 
The  injection  of  salt  solution  into  the  rectum  (enteroclysis,  proctoclysis)  is 
chiefly  indicated  at  a  later  period,  to  compensate  for  the  fluid  lost  by  sweating 
and  through  the  kidneys.  In  the  recent  past  direct  transfusion  of  blood,  which 
at  one  time  enjoyed  some  degree  of  popularity,  was  regarded  as  dangerous  and 
no  more  efficacious  than  the  infusion  of  salt  solution.  In  1906,  however,  Crile  * 
conducted  a  series  of  experiments  on  animals  from  which  he  draws  the  following 
conclusions: — "Arteries  and  veins  of  varying  sizes  may  be  anastomosed  by 
Carrel's  method  so  as  to  be  impervious  to  blood  and  free  from  clotting;  the 
transference  of  blood  from  one  animal  to  another  is  most  definitely  accomplished 
by  anastomosing  the  proximal  end  of  the  vein  of  the  donee;  convenience  need 
be  the  only  consideration  in  the  selection  of  the  vessels  to  be  anastomosed ;  the 
blood  of  one  animal  may  be  rapidly  transfused  to  another;  the  blood  of  one 
dog  is  isotonic  with  that  of  another  dog;  if  a  dog  be  bled  to  the  last  drop  of 
blood  that  will  flow,  and  then  an  equal  amount  of  blood  be  transferred  from 
another,  the  transfused  blood  suffers  no  impairment  by  the  blood  or  tissue  of 
its  new  host,  and,  in  turn,  it  causes  no  impairment,  no  hsemolysins  are  produced; 
and,  finally,  the  transfused  blood  becomes  a  perfect  substitute  for  the  lost 
blood,  and  the  factor  of  hemorrhage  may  be  eliminated." 

Direct  transfusion  was  performed  on  six  occasions,  in  two  of  which  the 
operation  was  performed  upon  the  same  individual.  "The  donors  in  each 
instance  regained  the  blood  lost  in  from  five  to  seven  days.  They  were  kept  from 
their  work  only  on  the  day  of  transfusion.  All  showed  the  usual  temporary 
effect  of  the  bleeding;    no  agglutinins,  no  hsemolysins. 

"The  donee  showed  neither  nephritis  nor  hsemoglobinuria,  no  laking  of 
blood,  and  no  evidence  that  the  new  blood  had  in  any  way  unfavorably  affected 
the  newly  transfused  blood.  In  other  words,  the  conclusions  reached  in  the 
laboratory  were  wholly  realized  in  the  clinic. 

"The  occurrence  of  spontaneous  cessation  of  hemorrhage  in  two  of  the 
cases,  each  of  which  was  pathologic,  suggests  strongly  this  method  of  treatment 
for  cholsemic,  hsemophilic,  and  other  forms  of  pathologic  hemorrhage. 

"Since  the  healthy  blood  of  one  individual  is  apparently  physiologically 
interchangeable  with  that  of  another,  if  the  blood  lost  from  one  is  replaced  with 
an  equal  quantity  from  another,  the  factor  of  hemorrhage  may,  by  direct  trans- 
fusion, be  eliminated. 

"The  transformation  in  these  cases  has  been  unequalled  in  my  surgical 
experience,  except  in  the  relief  from  asphyxia  by  intubation." 

*  Jour.  Amer.  Med.  Assoc,  Nov.  3d,  1906. 
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Crilc  has  since  performed  the  operation  many  times — an  experience  which 
serves  to  fortify  his  original  conchisions.  The  technique  of  direct  transfusion 
is  given  in  the  article  on  "Minor  Surgery"  in  Vol.  IV. 

To  economize  the  blood  which  remains  in  the  body  (autotransfusion)  the 
foot  of  the  bed  should  be  raised,  in  order  to  permit  the  blood  to  flow  to  the 
vital  centres.  With  a  like  end  in  view  bandages  may  be  applied  to  the  ex- 
tremities. Crile  uses  the  same  principle  by  the  application  of  a  rubber  suit 
which  is  blown  up  with  a  bicycle  pump.     (See  article  on  "Shock"  in  Vol.  I.) 

Stimulation  by  the  hypodermatic  injection  of  such  drugs  as  ether,  brandy, 
strychnine,  digitalin,  atropine,  and  camphorated  oil,  by  inhalations  of  ammonia, 
alcohol,  or  oxygen,  by  rectal  injections  of  hot  coffee,  whiskey,  etc.,  is  to  be  used 
as  indicated,  but  never  before  the  bleeding  has  been  controlled.  If  the  respira- 
tions fail  despite  stimulation,  artificial  respiration  must  be  employed.  External 
heat  is  secured  by  the  application  of  carefully  protected  warm-water  bags. 

Control  of  Hemorrhage. — The  immediate  control  of  hemorrhage  is  accom- 
plished, in  the  presence  of  an  open  wound,  by  direct  digital  pressure  on  the  artery 
in  the  wound,  and  then,  in  the  extremities,  b}^  the  apphcation  of  a  tourniquet 
above  the  wound.  In  a  subcutaneous  rupture  digital  pressure  is  made  upon  the 
artery  above  the  point  of  rupture,  until  the  tourniquet  can  be  adjusted.  Noth- 
ing further  should  be  done  until  the  patient  has  reacted  from  shock,  when 
the  parts  may  be  carefully  disinfected  and  the  vessels  exposed  and  dealt  with 
directly  for  the  purpose  of  securing  pennanent  hsemostasis.  In  regions  such 
as  the  neck,  where  elastic  constriction  is  impracticable,  digital  compression  must 
be  maintained  until  the  wound  has  been  sufficiently  enlarged  to  secure  the 
vessel  by  other  means.  A  bleeding  artery  within  the  cranium,  spine,  chest,  or 
abdomen  requires,  of  course,  an  operation  for  opening  these  cavities  before  the 
hemorrhage  can  be  controlled.  There  are  no  contra-indications  for  operation 
to  control  dangerous  hemorrhage,  not  even  the  most  profound  shock,  unless  the 
bleeding  can  be  temporarily  stayed  until  reaction  is  obtained. 

The  means  for  controlling  bleeding  peiTnanently  are  manj^,  but  those  em- 
ployed by  the  surgeon  are  very  few.  They  may  be  grouped  under  the  following 
headings: — (1)  cold;  (2)  heat;  (3)  elevation;  (4)  styptics;  (5)  compression; 
(6)  acupressure;  (7)  f orcipressure ;  (8)  torsion;  (9)  ligation;  and  (10)  suture 
of  the  vessel. 

(1)  Cold. — Cold  has  been  deliberately  used  as  a  haemostatic  agent  since  the 
time  of  Celsus.  "Baron  Larrey  states  that,  after  the  battle  of  Ejdau,  the 
mercuiy  standing  at  about  zero  (Fahr.),  ligatures  were  apphed  to  the  large 
blood-vessels  only,  in  the  operations  generally,  and  that  there  was  no  trouble 
from  hemorrhage,  although  the  wounded,  after  having  been  cared  for,  were 
carried  to  a  distance."  (Lidell.)  Cool  air,  as  is  well  known,  is  a  remarkably 
efficient  haemostatic  for  the  smaller  vessels.  Part  of  the  efficacy  of  Le  Conte's 
method  for  controlling  hemorrhage  in  wounds  of  the  lung,  by  inserting  a  drain- 
age tube  in  the  pleural  ca\dty,  depends  upon  this  factor.  Cold  in  the  fomi  of 
ice,  cold  water,  or  evaporating  lotions,  will  hasten  the  arrest  of  hemorrhage  from 
small  vessels,  but  should  not  be  used  in  open  wounds,  because  of  the  danger  of 
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sepsis.     The  ice  bag  is  frequently  employed  in  internal  heinorrhages  not  suitable 
for  operation. 

(2)  Heat. — Heat,  in  the  form  of  hot  water  (120°  to  150°  F.),  is  sometimes 
employed  as  a  haemostatic;  it,  like  cold,  acts  by  stimulating  the  contraction 
of  the  muscular  fibres  of  the  blood-vessels.  AVarm  water  relaxes  these  fibres 
and  encourages  bleeding.  Cauterization  with  the  actual  cautery  has  been  used 
from  the  earliest  times  for  arresting  hemorrhage.  It  chars  the  tissues,  thus 
fomiing  a  plug  which  closes  the  mouths  of  the  vessels.  It  should  very  rarely 
be  employed,  as  the  devitalized  tissues  must  of  necessity  separate  by  slough- 
ing, a  process  which  interferes  with  the  healing  of  the  wound  and  may  give  rise 
to  secondary  hemorrhage  when  the  slough  separates.  If  used  at  all  the  cautery 
should  be  at  a  dull  red  heat;  when  bright  red  it  severs  the  vessels  like  a  knife 
and  does  not  stop  bleeding.  The  actual  cauteiy  is  capable  of  stopping  hemor- 
rhage from  arteries  of  medium  size,  but  should  never  be  used  on  large  arteries. 
Electrohsemostasis  is  the  temi  applied  to  a  procedure  in  which  the  tissues  to  be 
divided  during  an  operation  are  crushed  with  forceps  and  baked  by  means  of 
an  electric  current.  A  special  apparatus  is  essential  for  the  application  of  this 
method,  which  not  only  possesses  no  advantages  over  the  ligature,  but  is  more 
apt  to  be  followed  by  secondary  hemorrhage;  it  has  been  employed  by  but 
few  surgeons.  The  same  may  be  said  of  the  use  of  steam  (atmokausis,  zesto- 
kausis) . 

(3)  Elevation. — Elevation  alone  is  often  sufficient  to  stop  hemorrhage 
from  the  larger  veins;  it  is  peculiarly  useful  in  bleeding  from  the  extremities, 
especially  the  lower.  It  is  often  employed  as  an  adjunct  to  other  forms  of 
hsemostasis,  and  also  as  a  means  for  lessening  bleeding  during  operations, 
particularly  in  regions  where  the  tourniquet  is  inapplicable  or  in  which,  because 
of  special  conditions  {e.g.,  atheroma,  etc.),  it  is  inadvisable. 

(4)  Styptics. — Styptics  are  seldom  employed  by  the  surgeon,  as  most  of 
them  act,  not  by  contracting  the  orifices  of  the  vessels,  but  by  producing  a 
tough  coagulum  of  blood  which  often  interferes  with  healing.  Among  the 
styptics  which  have  been  employed  may  be  mentioned  the  following :  antipyrin, 
Monsel's  solution  (cotton  containing  Monsel's  salt  is  called  styptic  cotton), 
alcohol,  turpentine,  tannic  or  gallic  acid,  silver  nitrate,  alum,  sodium  chloride, 
vinegar,  chloride  of  zinc,  tincture  of  matico,  adrenalin  chloride,  and  gelatin. 
Adrenalin  chloride,  which  acts  by  contracting  the  vessels,  is  the  most  powerful 
styptic  and  the  one  most  frequently  employed,  particularly  in  bleeding  from 
mucous  membranes.  It  may  be  applied  on  a  swab  or  as  a  spray,  in  the  strength 
of  1  in  10,000  to  1  in  1,000,  or  as  a  powder  in  the  dose  of  from  5  to  10  grains  of 
the  suprarenal  extract.  At  least  one  case  of  poisoning  has  been  reported  from 
its  use  locally.  Gelatin,  5  to  10  per  cent  in  normal  salt  solution  (Carnot's 
solution),  has  been  used  with  success  as  a  local  haemostatic .  It  should  be 
recalled  that  it  is  an  excellent  culture  medium  and  that  death  from  tetanus 
has  followed  its  use.  Among  the  drugs  which  are  supposed  to  increase  the 
coagulability  of  the  blood  or  contract  vessels  and  thus  do  some  good  when  given 
internally,  are:  turpentine,  oil  of  erigeron,  opium,  dilute  sulphuric  acid,  acetate 
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of  lead,  ergot,  hamamclis,  gelatin,  and  chloride  of  calcium.  Chloride  of  calcium 
(10  grains,  t.  i.  d.)  is  largely  I'mjiloycd  to  increase  the  coagulability  of  the  blood 
in  cases  of  chronic  jaundice  previous  to  operation. 

The  above  measures  are  not  to  be  employed  for  bleeding  from  one  of  the 
major  arteries  and  are  simply  mentioned  for  the  sake  of  completeness.  In 
the  presence  of  a  wound  of  a  large  artery  one  of  the  following  plans  should  be 
adopted : — 

(o)  Compression. — Compression  of  some  form  is  of  course  the  ultimate 
principle  of  all  forms  of  hj?emostatic  agents.  Compression  ma}'  be  (a)  direct  or 
{h)  indirect  or  mediate — i.e.,  upon  the  ends  of  the  divided  vessel  in  the  wound, 
or  upon  the  vessel  at  some  distance  from  the  wound. 

(a)  Direct  compression  ma}^  be  effected  by  the  Angel's  or  by  tampons,  com- 
presses, or  pads. 

Direct  digital  compression  is  sufficient  to  control  the  most  violent  hemorrhage 
from  any  part  of  the  vascular  apparatus,  and  is  to  be  employed  until  more 
pemianent  haemostasis  can  be  secured. 

Finn  gauze  packing  will  stop  any  venous  and  many  forms  of  arterial  hem- 
orrhage, and  may  be  used,  even  when  a  large  artery  is  wounded,  to  control  the 
bleeding  until  a  more  secure  method  can  be  applied.  In  the  latter  instance  the 
packing  must  be  very  firm  and  be  held  in  place  l^y  a  tight  bandage.  Graduated 
compresses,  consisting  of  layers  of  gauze  gradually  increasing  in  size,  from 
below  upward,  so  as  to  resemble  an  inverted  pyramid  or  cone,  were  at  one  time 
recommended  for  the  control  of  arterial  hemorrhage  in  regions  in  which  dissec- 
tion sufficient  to  expose  the  bleeding  ends  of  the  artery  (e.g.,  the  palmar  arches) 
might  mutilate  important  structures.  LTnless  the  pressure  is  made  directly  on 
the  bleeding  points  the  blood  may  widely  diffuse  itself  in  the  tissues  of  the  limb. 
In  a  somewhat  similar  way  the  internal  mammary  artery  has  been  compressed 
against  the  inner  surface  of  a  rib,  by  pushing  a  gauze  bag  between  the  ribs  and 
then  filling  the  bag  with  gauze,  so  that,  when  it  is  pulled  upon,  pressure  will  be 
made  from  within  outward.  These  methods  are,  however,  uncertain  when  a 
large  vessel  has  been  injured,  and  should  be  used,  if  at  all,  only  as  temporary 
measures. 

The  pressure  exerted  on  a  bleeding  point  by  the  apposition  of  the  edges  of 
a  wound  -^ith  sutures  or  sterile  adhesive  strips  is  frequently  sufficient  to  control 
bleeding,  especially  when  such  pressure  is  reinforced  by  a  firm  bandage.  Thus, 
in  the  scalp,  Hgatures  are  frequently  omitted,  because  of  the  difficulty  with 
which  they  are  applied  in  this  region,  and  sutures  are  relied  upon  to  check  the 
bleeding.  Again,  in  parenchj^natous  organs,  such  as  the  fiver,  kidney,  etc., 
sutures  are  often  employed  for  restraining  bleeding.  Bleeding  from  bone  is 
sometimes  controlled  by  filling  the  openings  with  antiseptic  wax.  catgut,  fila- 
ments of  gauze,  or  fragments  of  the  bone  itself.  A  large  osseous  canal  may  be 
plugged  \dth.  a  sterifized  stick.  In  the  rectmii  pressure  may  be  made  by  inserting 
and  inflating  a  colpeur^mter;  in  a  perineal  womid  foUo'u-ing  cystostomy,  by 
inserting  and  stuffing  a  shirted  cannula  (cannule  a  chemise).  In  bleeding 
from  a  tooth-socket  the  ca^'ity  may  be  tightly  packed  vrit\\    gauze  infiltrated 
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with  an  astringent,  and  firm  pressure  made  by  binding  the  jaws  tightly  shut 
with  a  bandage.  In  the  urethra  pressure  may  be  made  by  inserting  a  large 
sound,  or,  in  the  deep  urethra,  by  making  pressure  against  the  perineum. 

(&)  Indirect  pressure  is  used  chiefly  for  the  temporary  control  of  bleeding 
until  more  permanent  measures  can  be  applied,  or  to  prevent  hemorrhage 
during  operation.  In  the  limbs  it  is  best  effected  by  means  of  a  tourniquet 
applied  above  the  wound.  In  hospital  work  practically  the  only  tourniquet 
used  is  the  Esmarch  band;  but,  in  an  emergency  outside  of  a  hospital,  such 
articles  as  a  belt,  suspenders,  handkerchief,  etc.,  may  be  tied  about  the  limb,  and 
tightened  by  means  of  a  stick  pushed  beneath  the  band  and  twisted.  A  tour- 
niquet is  most  effective  when  placed  above  the  elbow  or  knee,  as  below  these 
points  the  vessels  are  protected  by  bones  and  cannot  be  readily  compressed. 
The  disadvantages  of  the  tourniquet  are  injury  to  the  nerves,  causing  pain, 
anaesthesia,  or  paralysis;  injury  to  the  soft  tissues,  particularly  rupture  of  the 
muscles  if  movements  of  the  limb  are  made  while  the  band  is  in  place ;  in  athe- 
roma, partial  rupture  of  or  detachment  of  a  calcareous  plate  from  the  walls  of 
the  artery;  consecutive  hemorrhage  after  the  band  has  been  removed,  owing 
to  the  paretic  condition  of  the  blood-vessels ;  too  great  a  rise  in  blood-pressure 
if  the  limb  is  elevated  before  the  band  is  put  in  place ;  and,  owing  to  the  blanching 
of  the  tissues,  difficulty  in  distinguishing  between  the  arteries,  veins,  and  nerves. 
It  must  also  be  remembered  that  a  tourniquet  which  has  been  left  in  place  for 
several  hours  may  be  productive  of  gangrene.  In  arterial  surgery  the  vessel 
may  be  compressed  by  a  clamp,  tape,  or  the  fingers  of  an  assistant.  In  opera- 
tions on  the  head  Crile  temporarily  closes  one  or  both  carotids  by  the  application 
of  a  specially  devised  clamp  to  the  exposed  vessel.  Forced  flexion  is  carried  out 
by  placing  a  pad  in  the  popliteal  space,  groin,  or  fold  of  the  elbow,  and  securing 
the  limb  in  strong  flexion  by  means  of  a  bandage.  Forced  flexion  is  exceedingly 
painful  and  is  employed  only  as  a  temporary  haemostatic  in  the  absence  of  better 
methods. 

Indirect  digital  compression  lacks  most  of  the  dangers  of  the  tourniquet, 
but  requires  a  strong  skilled  hand,  and  even  then  may  not  be  long  maintained, 
except  by  relays  of  assistants.  The  common  carotid,  the  vertebral,  and  the 
inferior  thyroid  arteries  may  be  compressed  against  the  transverse  process  of 
the  sixth  cervical  vertebra  at  the  anterior  border  of  the  sternomastoid  muscle; 
the  facial,  against  the  inferior  maxilla  at  the  anterior  border  of  the  masseter; 
the  labial  and  the  coronary,  by  grasping  the  lip  at  the  angle  of  the  mouth  be- 
tween the  thumb  and  index  fingers;  the  occipital,  against  the  underlying  bone 
about  midway  between  the  mastoid  process  and  the  external  occipital  protuber- 
ance; the  subclavian,  against  the  first  rib  by  the  thumb  or  by  the  padded  handle 
of  a  door  key,  pushed  downward,  backward,  and  inward,  just  behind  the  clavicle 
and  outside  the  sternomastoid  muscle;  the  axillary,  against  the  head  of  the 
humerus  at  the  inner  edge  of  the  coracobrachialis,  with  the  arm  raised  to  a  right 
angle;  the  brachial,  against  the  humerus  at  the  inner  edge  of  the  biceps;  the 
radial  and  the  ulnar,  at  the  wrist,  the  former  just  outside  the  flexor  carpi  radialis, 
and  the  latter  just  outside  the   flexor  carpi  ulnaris;   the  abdominal  aorta,  if 
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the  patient  is  not  too  corpulent,  against  the  spine  at  a  level  with  and  just  to  the 
left  of  the  umbilicus;  the  external  iliac,  against  the  brim  of  the  pelvis  above  the 
middle  of  Poupart's  ligament;  the  common  femoral,  by  pressure  upward  and 
backward  immediately  below  Poupart's  ligament,  midway  between  the  symphysis 
pubis  and  the  anterior  superior  spine  of  the  ilium;  the  popliteal,  against  the 
femur,  a  little  to  the  inner  side  of  the  middle  of  the  i)opliteal  space;  the  anterior 
tibial,  midway  between  the  malleoli;  and  the  posterior  tibial,  half  an  inch  behind 
the  tip  of  the  internal  malleolus.  "\Mien  secondary  hemorrhage  is  feared  the 
point  for  compression  may  be  marked  with  ink  or  iodine  and  a  tourniquet 
applied  but  not  tightened:  if  bleeding  occurs,  the  caretaker  may  screw  it  down 
On  the  point  at  once  and  thus  control  the  bleeding  until  the  surgeon  arrives.  An 
Esmarch  band,  however,  is  much  better  than  other  tourniquets  for  this  purpose, 
as  it  may  be  applied  without  considering  the  location  of  the  main  artery. 

(6)  Acupressure  was  introduced  by  Sir  James  Y.  Simpson,  in  1839,  but 
has  long  since  been  abandoned  and  is  now  of  historical  interest  only.  It  was 
employed  in  three  different  ways:  (a)  A  long  needle  was  passed  into  the 
tissues,  securing  the  vessel  as  the  stem  of  a  flower  is  fastened  to  the  lapel  of  a 
coat;  (6)  the  needle  was  inserted  through  the  tissues  on  one  side  of  the  vessel, 
twisted  through  180  degrees,  and  reinserted  into  the  tissues;  or  (c)  the  needle 
was  passed  under  the  vessel,  which  was  then  occluded  by  wire  or  silk  passed 
over  its  ends  in  a  figure-of-8  fashion.  In  this  paragraph  may  be  mentioned 
also,  as  a  matter  of  curiosity,  art erio version,  which  was  advocated  by  ^^'eber 
in  1875.  By  a  special  instrument  the  ends  of  divided  arteries  were  turned 
back,  as  one  would  roll  up  his  sleeves,  and  there  fixed  b}'  a  little  pin. 

(7)  Forcipressure,  or  the  crushing  of  the  end  of  a  vessel  with  strong 
hsemostatic  forceps,  has  been  employed  in  some  fomi  or  other  since  the  days 
of  Desault.  In  1865,  according  to  Petit,  Koeberle  modified  the  forceps  of 
Charriere  by  adding  a  catch.  The  forceps  were  still  further  modified,  in  1868, 
by  Pean,  A^ith  the  idea  of  using  them  exclusively  in  operations.  The  temi 
forcipressure  was  proposed  by  Vemeuil.  Forcipressure  is  frequently  employed 
for  very  small  vessels.  Thus,  during  an  operation  many  of  the  little  l^leeding 
points  which  have  been  caught  with  haemostatic  forceps,  give  no  trouble  after 
the  forceps  have  been  removed  at  the  completion  of  the  operation.  In  certain 
cases  in  which  the  proper  application  of  a  ligature  is  very  difficult  and  the 
vessel  is  of  large  size,  the  forceps  may  be  left  in  place  for  from  twenty-four  to 
forty-eight  hours,  being,  of  coui^e,  covered  with  sterile  dressings.  Forcipressure 
is  useful  also  before  one  ties  a  thick  pedicle,  as  it  attenuates  the  tissues  and 
renders  bleeding  from  shrinkage  of  the  pedicle  much  less  likely  to  occur.  Very 
powerful  forceps  (vasotribe,  or  angeiotribe)  have  been  constructed  with  this  end 
in  view,  and  indeed  a  few  surgeons  do  not  even  ligate  after  the  use  of  such 
instruments.  Forceps  thus  left  in  a  w'ound  frequently  cause  pain,  interfere 
with  dressing,  prevent  ■  closure  of  the  wound,  and  are  capable,  in  the  cranium 
and  abdomen,  of  causing  extensive  damage  if  pressed  upon  too  forciblj'  by  the 
dressings  or  during  a  change  in  the  position  of  the  patient.  Perhaps  forceps 
have  been  used  more  frequently  for  controUing  hemorrhage  after  vaginal  hyster- 
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ectomy  than  in  any  other  operation.  Forciprcssurc,  hke  hgation,  crushes  the 
artery  and  causes  the  inner  coats  to  contract  and  retract  within  the  vessel. 
Bothezat,*  as  the  result  of  experimental  researches,  concludes  that  the  forceps 
should  remain  on  the  vessel  for  from  sixteen  to  forty-eight  hours.  The  former 
time  suffices  for  an  artery  the  size  of  the  radial  and  the  latter  for  a  vessel  the 
calibre  of  the  femoral.  The  forceps  must  be  iniinol)ilizcd  in  the  dressing. 
Delbet  explains  the  occurrence  of  secondary  hemorrhage  forty-eight  or  more 
hours  after  vaginal  hysterectomy  by  the  fact  that  the  arteries  are  caught  through 
a  layer  of  tissue  of  considerable  thickness.  Forcipressure  should  be  employed 
for  large  vessels,  only  when  ligation  or  suture  is  not  applicable. 

(8)  Torsion. — "Twisting  the  cut  ends  of  arteries  was  distinctly  recognized 
by  Galen  as  an  important  means  for  restraining  the  flow  of  blood  therefrom. 
Aetius,  Paulus  iEgineta,  and  Rhazes  also  recognized  torsion  as  a  haemostatic 
measure  of  importance.  Subsequently  it  became  obsolete.  In  1829  Amussat 
revived  its  use  by  proving  from  experiments  on  animals  that  it  was  a  safe  and 
efficient  means  of  staunching  hemorrhage  from  many  wounded  arteries.  Soon 
afterward  Thierry  followed  to  the  same  effect.  Velpeau,  however,  first  employed 
torsion  on  the  human  subject.  In  the  same  year  Liber,  Fricke,  Dieffenbach, 
and  others  made  numerous  trials  thereof  in  Germany,  seemingly  with  entire 
success.  The  French  surgeons,  Louis  and  Delpech,  met  wdth  several  failures. 
The  subject  was  deemed  of  such  importance  by  the  Institute  of  France  as  to 
require  a  thorough  examination,  and,  accordingly,  it  was  referred  to  Baron 
Dupuytren.  His  report  was  unfavorable  to  the  method,  except  in  its  application 
to  small  arteries.  Then  torsion  went  out  of  use  again,  to  be  revived  once  more, 
however,  by  the  late  Professor  Syme."t  Torsion  may  be  applied  in  two  ways: 
free  torsion  and  limited  torsion.  Free  torsion  (Thierry)  is  simply  the  twisting 
of  a  vessel  several  times  after  the  application  of  haemostatic  forceps.  Tillaux, 
however,  advised  rotating  the  forceps  until  the  end  of  the  vessel  was  twisted 
off.  Limited  torsion  (Amussat)  consists  in  drawing  the  artery  from  its  sheath 
with  one  pair  of  forceps  and  grasping  it  close  to  the  tissues  with  a  second  pair, 
the  vessel  then  being  twisted  with  the  first  forceps  until  the  end  of  the  artery  is 
detached.  Torsion  ruptures  the  inner  and  middle  coats,  which  contract  and 
invert,  and  twists  the  outer  coat.  Torsion  is  no  easier  or  quicker  to  perform 
than  ligation  and  is  less  safe  than  ligation.  Since  absorbable  ligatures  can  be 
made  absolutely  sterile,  the  old  objections  which  were  lodged  against  the  ligature, 
and  which  were  based  upon  its  non-absorbability  and  the  sequelae  of  infection, 
are  no  longer  to  be  considered.  It  is  true  that  even  the  femoral  and  brachial 
arteries  have  been  repeatedly  and  satisfactorily  occluded  by  torsion,  but  it  is 
true  also  that  secondary  hemorrhage  is  not  infrequent  after  this  method  for 
controlling  bleeding.  We  would  limit  its  use  to  arteries  too  small  to  be  dignified 
by  a  ligature  and  to  certain  plastic  operations  in  which  the  presence  of  knotted 
ligatures  is  undesirable. 

(9)  Ligation  is  the  most  satisfactory  method  for  the  control  of  hemorrhage 
from  any  vessel  large  enough  to  be  seen  with  the  naked  eye.     In  certain  situa- 

*  These  de  Montpellier,  Nov.  4th,  1893.  f  "International  Ency.  of  Surg.,"  vol.  ii. 
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tions,  hcnvovcr,  the  surgeon  may  att('iH[)t,  not  only  to  control  the  hlccding.  hut 
also  to  conserve  the  luini-n  of  the  artery  by  suturing-  the  \-ess(  1. 

The  .lijiature,  as  a  means  for  controlling  heniorrhajie,  dates  hack  to  the 
remotest  antiquity,  nor  do  we  know  by  whom  it  was  first  employed.  Celsus, 
in  the  first  century,  was  apparently  acquainted  with  its  merits,  as  w^ere  also 
Galen  in  the  second  century,  Aetius  in  the  fifth,  and  Paulus  ^gineta  in  the 
seventh.  Rhazcs,  in  the  tenth  centuiy,  advised  the  application  of  a  double 
ligature  and  cutting  the  vessel  between.  Avicenna  in  the  eleventh,  Albucasis 
in  the  twelfth,  Averrhof-s  in  the  thirteenth  century,  were  all  familiar  with  this 
method  for  occluding  blood-vessels  and  it  was  recommended  at  different  periods 
by  Guy  of  Chauliac,  Brunus,  Theodoricus,  Rolandus,  and  Lanfranc*  From  this 
it  may  be  seen  that  the  real  inventor  of  the  ligature  as  a  haemostatic  agent  was 
not  Ambroise  Pare,  to  whom,  however,  the  credit  of  introducing  it  as  a  means 
of  controlling  bleeding  in  amputations  is  probably  due.  In  1564  Pare  published 
his  work  and  insisted  that  the  cautery  should  make  way  for  the  ligature.  Cau- 
terization, nevertheless,  continued  in  favor,  probably  because  the  principles  of 
ligation  were  not  understood,  and  also  because  of  the  prevalence  of  sepsis. 
Thus,  the  ligature  was  accused  of  producing  tetanus,  convulsions,  etc.,  and  it 
was  not  until  the  beginning  of  the  nineteenth  century,  after  the  studies  of 
Travers,  Abernethy,  Lawrence,  Cooper,  Beclard,  and  Breschet,  and  particularly 
those  of  Jones,  that  the  ligature  gained  much  headway  against  cauterization 
and  torsion.  Surgeons  were  afraid  to  tie  the  ligature  tight  enough  to  rupture 
the  inner  coats  of  the  artery,  and  accused  the  ligature  material  of  causing  un- 
toward conditions  which,  as  we  now  know,  were  due  to  micro-organisms  intro- 
duced with  the  ligature.  The  ends  of  the  ligature  were  left  long  and  allowed 
to  protrude  from  the  wound,  so  that  they  could  be  removed  when  they  had 
''rotted  loose  from  the  blood-vessel."  In  1814,  Physick,  of  Philadelphia,  sug- 
gested the  use  of  absorbable  animal  ligatures  made  of  chamois  leather,  the 
strands  of  leather  being  rolled  on  a  slab  to  make  them  round  and  hard.f 
Later,  Hartshorn  used  strips  of  parchment,  and  Eve  the  tendons  of  the  deer. 
These  suggestions,  however,  seem  to  have  been  ignored  or  forgotten  until  Lister 
published  his  method  of  preparing  catgut  with  chromic  and  carbolic  acids.  The 
ends  of  the  ligature  could  then  be  cut  off  short  and  the  ligature  would  disappear 
after  it  had  served  its  purpose.  Since  that  time  catgut  has  gradually  forced  its 
way  to  the  front  as  a  ligature  material.  As  prepared  at  the  present  time  it  is 
absolutely  sterile  and  can  be  made  to  resist  absorption  for  as  long  a  period  as  is 
desirable.  The  sole  practical  disadvantage  of  catgut  is  that  it  is  not  so  readily 
tied  as  silk.  The  rule,  in  ligating  vessels,  is  to  make  a  reef,  or  square,  knot  and 
never  a  granny  knot  or  a  surgeon's  knot.  This  is  readily  done  with  silk,  the 
first  knot  of  which  remains  tight  until  the  second  is  made.  If  a  single  turn 
is  made  with  catgut  it  is  apt  to  loosen  during  the  tying  of  the  second  knot.  If 
a  surgeon's  knot  is  made  the  constriction  cannot  be  made  so  tight  as  with  a 
single  knot.     The  swelling  of  the  catgut  after  it  is  placed  in  the  tissues  is,  theo- 

*  "International  Ency.  of  Surg.,"  vol.  iii.,  p.  530. 
t  Cooper's  "Surgical  Dictionary,"  vol.  ii.,  p.  130. 
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retically,  sometimes  an  advantage  and  sometimes  a  disadvantage.  Catgut  should 
always  be  tied  in  three  knots  and  the  ends  cut  at  least  one-eighth  of  an  inch  long. 
The  ligature  should  be  tied  by  placing  the  ends  of  the  thumbs  or  index  finger 
upon  the  knot  and  separating  these  by  using  the  first  joint  of  the  thumb  or  the 
second  joint  of  the  finger  as  a  fulcrum.  Some  surgeons  use  catgut  for  all  arteries, 
regulating  its  size  according  to  the  calibre  of  the  vessel  to  be  ligated;  but  most 
surgeons  prefer  to  tie  very  large  arteries  or  thick  pedicles  with  silk. 

A  ligature  may  be  applied  to  the  bleeding  end  of  a  vessel  (immediate  ligation) 
or  the  vessel  may  be  tied  in  its  continuity  some  distance  from  the  wound  (ligation 
in  continuity).  Ligation  of  the  bleeding  end  of  an  artery  is  conducted  by 
seizing  the  end  of  the  vessel,  without  any  of  the  surrounding  tissues,  with  haemo- 
static forceps,  drawing  it  a  little  way  from  its  sheath,  when  such  exists,  and 
tying  the  ligature  about  the  vessel,  beyond  the  forceps,  in  a  reef  knot.  There 
are  some  exceptions  to  this  rule.  With  small  vessels  a  little  of  the  surrounding 
tissue  is  usually  included  in  the  grasp  of  the  forceps,  which  should  be  removed  as 
the  first  knot  is  tightened ;  otherwise,  the  ligature  may  slip  off  when  the  forceps 
is  removed.  Again,  with  badly  diseased  vessels  it  may  be  prudent,  in  order  to 
prevent  cutting  through  of  the  ligature,  to  include  within  the  ligature  a  small 
portion  of  the  surrounding  tissues,  care  being  always  taken,  however,  to  avoid 
the  accompanying  nerve.  This  operation  was  called  mediate  ligation.  The 
second  knot  should  be  tied  firmly,  but  should  not  be  jerked,  as  such  a  manoeuvre 
may  break  the  ligature.  With  the  smaller  arteries  the  ligature  may  be  tied 
with  sufficient  firmness  to  rupture  the  inner  coats.  With  very  large  arteries 
this  may  result  in  cutting  through  of  the  ligature  or  dilatation  and  rupture  of  the 
vessel  immediately  proximal  to  the  ligature.  When  one  is  dealing  with  these 
vessels  the  walls  should  be  approximated  only,  the  stay  knot  being  employed. 
Chromicized  catgut  should  be  used  for  all  but  the  largest  vessels,  for  which  floss 
silk  is  the  best  material,  since  it  is  less  likely  than  other  forms  of  silk  to  cut  its 
way  into  the  artery.  A  suture  ligature  is  one  passed  through  the  tissues  sur- 
rounding an  artery  by  means  of  a  needle.  It  is  used  in  dense  tissues  from  which 
the  vessel  cannot  be  drawn;  in  necrotic  tissues  or  in  atheroma,  because  of  the 
fear  that  the  ligature  will  cut  through;  in  tissues  such  as  the  dura,  mesentery, 
and  omentum;  and  in  any  region  to  insure  against  the  slipping  of  the  ligature. 
Both  ends  of  an  artery  should  be  ligated,  as  a  free  collateral  circulation  may 
make  the  lower  end  as  dangerous  as  the  upper.  If  the  wound  is  a  lateral  one,  a 
ligature  should  be  placed  on  each  side  of  it  and  the  vessel  completely  severed, 
in  order  to  allow  it  to  retract.  An  artery  capable  of  producing  vigorous  bleeding 
must  be  ligated  in  the  wound,  even  though  an  operation  is  necessary  for  such 
procedure.  Ligation  in  continuity  for  hemorrhage  should  be  performed  only 
under  very  exceptional  circumstances,  as  it  is  often  ineffectual  owing  to  a  free 
collateral  circulation.  Thus  we  lost  a  patient  from  recurring  hemorrhage 
following  ligation  of  the  carotid  for  uncontrollable  hemorrhage  from  the  cheek. 
Again,  the  bleeding  vessel  may  be  a  large  vein,  or  an  artery  not  derived  from  the 
vessel  ligated.  Possibly  in  cases  in  which  the  tissues  are  rotten  from  infection, 
or  in  which   packing  fails   to   control  permanently  a   bleeding  artery  the  ex- 
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posuiv  of  which  would  necessitate  the  destruction  of  important  structures, 
Hgation  in  continuity  may  be  indicated.  In  the  former  instance  recurring  of 
bleeding- would  call  for  amputation. 

A  lateral  ligature  is  one  applied  to  the  side  of  a  wounded  vessel  after  the 
edges  of  the  wound  have  been  drawn  togc^thcr  with  haemostatic  forceps.  It  is 
a  method  which  is  frequently  used  for  occluding  lateral  wounds  of  veins,  but 
practically  never  for  arteries,  as  the  ligature  is  very  apt  to  be  dislodged  by  the 
high  blood-pressure  in  the  artery  and  its  peristaltic  action,  and  also  because 
it  is  more  difficult  to  apply  owing  to  the  thick  walls  of  the  artery.  We  mention 
it  in  this  connection  because  Berard,*  in  removing  a  tumor  of  the  mesentery 
in  a  woman  aged  sixty,  tore  a  hole  in  the  aorta  and  claims  to  have  been  success- 
ful in  controlling  bleeding  by  the  application  of  a  lateral  ligature;  the  patient 
recovered. 

The  effects  of  a  ligature,  when  it  is  tied  as  firmly  as  it  should  be,  are  rupture 
of  the  inner  and  middle  coats,  which  curl  up  and  retract,  and  the  formation  of 
a  small  thrombus,  which  is  finally  replaced  by  fibrous  tissue,  which  thus  obliter- 
ates the  vessel.  Catgut  is  absorbed  and  silk,  in  the  absence  of  infection,  becomes 
encysted.  The  rupture  is  transverse  and  generally  linear,  the  inner  coats  lying 
in  plaits  turned  toward  the  lumen  of  the  vessel.  A  clot  forms  on  each  side  of 
the  ligature,  although  Baumgarten  declares  that  this  is  not  essential,  and — 
with  perfect  asepsis — may  be  absent.  The  proximal  clot  is  generally  a  little 
longer  and  thicker  than  that  in  the  peripheral  segment  of  the  artery.  It  is 
conical  in  shape  and  generally  adherent  at  its  extremity,  near  the  first  collateral 
branch,  and  occasionally  it  penetrates,  but  rarely  obliterates,  the  first  collateral. 

Surgeons  have  from  time  to  time  rebelled  against  the  practice  of  tying  a 
ligature  tight  enough  to  rupture  the  inner  coats,  believing  that  in  certain  instances, 
particularly  in  the  presence  of  atheroma  and  when  dealing  with  very  large 
arteries,  such  as  the  subclavian  and  iliac,  there  is  danger  that  the  ligature  will 
cut  through  or  that  dilatation  and  rupture  of  the  artery  will  take  place  immedi- 
ately proximal  to  the  point  of  ligation.  Saviard,  in  1702,  suggested,  in  order  to- 
prevent  this  accident,  that  the  hgatures  be  broad,  and  that  a  piece  of  cloth  or 
a  segment  of  a  rubber  catheter  be  interposed  between  the  ligature  and  the 
vessel.  Jameson,  of  Baltimore,  in  the  early  part  of  the  nineteenth  century  was 
a  warm  advocate  of  the  plan  of  obliterating  vessels  without  rupturing  the  inner 
coats,  and  for  this  purpose  he  used  buckskin  ligatures.  In  recent  years  Ballance 
and  Edmunds  have  been  the  chief  advocates  of  this  method,  advising  the  appli- 
cation of  a  stay-knot  when  dealing  with  large  arteries.  Two  ligatures  are 
passed  around  the  artery  side  by  side  and  each  half  is  knotted;  the  two  ends 
on  each  side  are  then  used  as  a  single  thread  ancT  the  knot  is  completed.  Other 
surgeons  have  recommended  that  two  ligatures  be  passed  about  the  vessel  with 
a  slight  interval  between,  and  that  the  central  ligature  be  tied  so  as  to  narrow 
the  vessel  considerably  without  obliterating  it,  thus  acting  as  a  buffer  against 
the  blood-current.  There  can  be  no  doubt,  theoretically,  that  one  can  tie  a 
blood-vessel  in  such  a  manner  as  to  obliterate  it  without  injuring  the  inner 

*  Revue  de  chir.,  1906. 
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coats,  but  that  it  would  be  very  difficult  to  do  this  in  actual  practice  is  scarcely 
to  be  questioned.  Bothezat  has  investigated  this  subject  from  an  experimental 
standpoint  and  he  finds  that  the  minimum  force  which  can  be  employed  for 
arresting  the  blood-current  always  determines  some  contusion  of  the  middle 
coat  and  laceration  of  the  internal  coat.  When  the  tunics  are  left  intact  the 
process  of  obliteration  requires  a  longer  time  and  is  less  energetic. 

Ligation  of  a  large  artery  is  followed  by  a  rise  in  the  general  blood-pressure 
which  decreases  as  the  collateral  circulation  is  established.  When  a  large  artery 
is  tied  the  parts  which  it  supplies  become  paler  and  colder  until  the  collateral 
circulation  is  re-established ;  no  change  is  noticed  if  the  arterial  wound  has  been 
complete. 

The  results  of  ligation  of  large  arteries  have  been  vastly  improved  since 
the  advent  of  asepsis,  and  secondary  hemorrhage  is  no  longer  as  menacing  as 
formerly.  With  hemorrhage  conquered  there  yet  remain  the  evils  which  may 
follow  the  cutting  off  of  the  blood-supply  to  the  parts  supplied  by  the  vessel. 
The  following  statistics  are  taken  from  Hoepfner: — According  to  Schmidt 
(old  statistics)  ligation  of  the  femoral  artery  gave  gangrene  in  the  proportion 
of  57.1  per  cent,  while  Raabe  gave,  for  ligation  following  injuries  of  the  femoral 
artery  in  civil  life,  19  per  cent  resulting  in  gangrene,  and  for  such  in  war  21  per 
cent.  Ligation  of  both  femoral  artery  and  vein,  according  to  Ziegler's  statistics 
of  60  cases,  showed  48.3  per  cent  in  which  the  limb  became  gangrenous.  Steiner 
found  that  55  per  cent  of  the  cases  were  followed  by  gangrene,  after  ligature  of 
the  femoral  artery  and  vein,  while  the  earher  statistics  of  von  Bergmann  gave 
60  per  cent.  Janssen's  statistics  showed  that  54.5  per  cent  of  the  cases  in  which 
the  popliteal  artery  was  injured  terminated  in  gangrene,  while  simultaneous 
injury  to  the  artery  and  the  vein  always  gave  gangrene.  His  statistics  also 
showed  that  simultaneous  injury  to  the  anterior  and  posterior  tibial  arteries  is 
equally  as  bad.  Brilliant  are  the  results  in  the  upper  extremity  as  compared 
with  those  in  the  lower.  Of  90  cases  of  ligature  of  the  subclavian,  according 
to  von  Bergmann,  only  2  were  followed  by  gangrene  (2.3  per  cent) ;  indeed, 
simultaneous  ligation  of  the  subclavian  artery  and  vein  may  give  no  bad  results 
except  oedema.  Ligation  of  the  axillary  gave  gangrene  in  6.6  per  cent,  and 
of  the  brachial  in  18.75  per  cent.  In  the  case  of  the  vessels  mentioned  above 
the  integrity  of  the  limb  is  at  stake,  whereas  in  the  case  of  the  carotid  it  is  the 
integrity  of  the  brain  and  the  existence  of  the  individual  that  are  at  stake. 
The  prognosis  is  especially  bad  if  the  vessels  are  atheromatous,  because  the 
collateral  vessel  cannot  dilate.  Voluminous  are  the  figures  on  this  subject. 
Pilz  (1880)  in  914  cases  found  a  mortality  of  39.8  per  cent;  Le  Fort,  in  435  cases, 
43  per  cent ;  Zimmermann  31  per  cent ;  and  Vetere  37  per  cent.  Brain  symptoms 
were  apparent  in  32  per  cent,  of  which  56  per  cent  died  (Pilz) ;  but  when  the 
stream  was  slowly  cut  off  the  mortality  was  only  26  per  cent.  Of  789  ligations 
of  the  common  carotid  in  Wyeth's  table  41  per  cent  died.  Of  47  cases  treated 
by  moderate  surgical  principles  but  one  perished.  (Reyher  and  Weljaminaw.) 
Cerebral  involvement  occurred  in  20  per  cent  C^Varren),  in  26  per  cent  (Zimmer- 
mann), and  in  25  per  cent  (Riese).     Statistics  referable  to  the  results  of  ligation 
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of  other  arteries  will  be  foiiiul  in  Vol.  I\'.  The  li^urcs  oivcii  above  show  clearly 
that  ligation  of  a  large  artery  should  he  avoided  if  there  is  any  possible  way  to 
control  bliHHling  and  yet  permit  the  blood  to  course  through  the  artery  undis- 
turbed.    For  this  purpose  suture  of  arteries  has  recently  sprung  into  prominence. 

(10)  Suture  of  arteries  must  always  be  considered  when  dealing  with  a 
wounded  artery  whose  occlusion  by  ligation  might  result  in  gangrene  or  other 
serious  trouble  in  the  parts  which  it  supplies — such  arteries,  for  example,  as 
the  common  carotid,  axillary,  brachial,  external  iliac,  feuioral,  popliteal,  aorta, 
and  other  large  abdominal  vessels. 

As  early  as  1731  Petit  showed  that  partial  wounds  of  arteries  could  heal 
spontaneously  with  preservation  of  the  lumen  of  the  vessel.  As  the  result  of 
similar  observations  Lembert,*  in  1762,  suggested  that  it  might  be  possible,  in 
favorable  cases,  to  pass  a  needle  through  the  lips  of  an  arterial  wound  and  close 
the  w^ound  by  winding  a  ligature  beneath  the  needle.  He  made  some  experi- 
ments on  the  horse,  but  cites  only  one  case  in  w^hich  the  method  was  employed 
in  man;  he  also  mentions  the  fact  that  Hallowell,  in  1759,  closed,  after  this 
fashion,  a  wound  in  the  brachial  artery  following  venesection.  The  needle  came 
away  on  the  fourteenth  day  and  healing  was  complete  in  forty-two  days.  The 
pulse  on  the  affected  side  was  present,  but  was  weaker  than  that  on  the  sound 
side.  In  1773  Asman  made  some  experiments  on  the  femoral  artery  of  the 
dog,  using  Lembert's  technique.  In  two  instances  the  operation  w^as  successful 
in  controlling  bleeding,  but  at  a  later  period  the  vessel  was  found  obliterated  b}' 
scar  tissue. 

For  one  hundred  and  ten  years  surgeons  relied  with  implicit  confidence  upon 
the  work  of  Asman,  and  arterial  suture  w^as  neglected,  although  Bell  (1804),  Jones 
(1805),  Langenbeck  (1825),  Bahing  (1837),  Porta  (1851),  and  Emmert  (1880) 
demonstrated  that  wounded  arteries  might  heal  spontaneously  without  oblitera- 
tion of  the  lumen,  and  Fischer  (1867)  reported  72  healed  w^ounds  of  the  heart,  in 
12  of  which  were  found  foreign  bodies.  In  the  mean  time,  however,  suture 
of  veins  received  some  attention  and  far  outstripped  its  older  brother.  This 
subject,  however,  will  be  considered  on  a  later  page. 

Glueck  f  seems  to  have  been  the  first  again  to  experiment  wath  the  closure 
of  arterial  wounds.  He  successfully  used  small  ivory  clamps  which  w^ere  to 
remain  permanently;  no  thrombosis  followed,  but  the  method  was  not  employed 
in  man.  In  1882  he  closed  a  number  of  arterial  wounds  in  dogs  with  sutures, 
but,  despite  great  care,  he  w^as  forced  to  hgate  in  order  to  control  the  bleeding 
from  the  needle  holes.  Notwithstanding  his  misfortune  he  still  believed  that 
the  method  would  succeed  with  better  technique  and  spoke  of  the  possibility 
of  curing  by  this  means  certain  aneurysms  of  the  aorta  and  other  vessels. 

In  1886  Postempski  and  in  1888  von  Horrock  experimented  on  animals 
and,  although  sviccessful  in  controlling  the  bleeding,  they  w^ere  not  successful 
in  preventing  thrombosis. 

Jassinowsky,{  in  1889,  was  the  first  to  put    arterial  suture  on  a  scientific 

*  "Medical  Observations  and  Inquiries,"  London,  1762,  vol.  ii. 

t  Archiv  f.  kl.  Chir.,  1883,  Bd.  xxviii.  :]:  Inaug.   Dissert.,   Dorpat,   1889. 
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basis  and  to  pave  the  way  for  its  employment  in  man.  He  says  that  the  question 
is  intimately  associated  with  the  spontaneous  healing  of  arterial  wounds.  The 
problem  is  to  convert  a  large  wound  into  a  series  of  small  ones. 

Jassinowsky  experimented  on  sheep  and  calves,  because  of  the  larger  size  of 
the  arteries.  He  used  fine  silk,  and  asserts  that  after  two  months  he  could  find 
no  trace  of  the  suturing  material.  Large  catgut  was  found  to  be  unsuitable 
because  of  its  size,  and  small  catgut  was  absorbed  too  quickly.  He  sutured  the 
two  outer  coats  only,  inserting  the  needle  0.5  mm.  from  the  edge  of  the  wound 
and  making  the  sutures  1  mm.  apart.  The  sutures  were  tied  in  a  double  reef 
knot,  care  being  taken  not  to  pull  them  too  tightly.  He  believed  that  there 
was  less  bleeding  from  the  stitch  holes  when  the  intima  was  not  penetrated. 
He  found  that  the  bleeding  from  the  stitch  holes  was  controlled  by  pressure 
kept  up  for  about  one  minute  in  large  thick-walled  arteries,  and  for  from  two 
to  three  minutes  in  small  ones.  If  the  sutures  were  passed  through  all  the  coats 
compression  was  needed  for  five  minutes  or  longer.  With  exact  suturing  of 
thick  walls  the  compression  was  needed  for  only  thirty  seconds.     He  removed 

the  lower  clamp  first  and  took  off  the  upper 
one  slowly.  The  sheath  of  the  vessel  was  next 
sutured,  then  the  muscle  and  fascia,  and  finally 
the  skin,  no  drainage  being  employed.  In  26 
experiments  he  had  no  secondary  hemorrhage 
and  no  aneurysms.  He  was  unable  to  suture 
more  than  half  the  circumference  of  an  artery, 
because  of  the  strong  retraction  of  the  lips  of 
the  wound,  and  he  stated  that  gunshot  wounds 
and  lacerations  were  not  suitable  for  sutur- 
ing, because  the  edges  of  the  wound  must  be 
smooth. 

After  Jassinowsky  a  number  of  experiments 
were  made  by  other  authorities,  especially  by 
the  ItaHans  Cecerelh  (1890),  Burci  (1890), 
Lampiasi  (1891),  Moscatelh  (1891),  and  Tansini 
(1890),  some  advocating  and  some  condemning 
suture  as  the  result  of  their  experience. 

In  1892,  one-hundred  and  thirty-three  years 

after  Hallo  well's  case,   Durante  reported  two 

successful  arteriorrhaphies  in  man  and  Rosa  one. 

In  1894  Abbe  made  the  first  experiments 

with   circular   suture   of   arteries     (end-to-end 

anastomosis),  tying  the  ends  of  the  vessel  over 

an  hour-glass-shaped  tube  of  thin  glass.* 

In  1896  Brian  and  Jaboulay  anastomosed  vessels  in  animals,  using  U-shaped 

sutures  which  everted  the  edges  of  the  wound,  and  approximated  intima  to 

intima.     The  method  was  unsuccessful  in  dogs  because  of  thrombosis,  but  it  was 

*  New  York  Med.  Jour.,  Jan.,  1894. 


Fig.  73. — Murph^-'s  Invagination 
Method  of  Suturing  Arteries.  The 
figure  to  the  left  shows  the  suturing 
completed.  (From  the  New  York 
Med.  Record.) 
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successful  on  the  carotid  of  a  donkey.  The  credit  for  this  method  was  claimed 
by  Solomoni  in  1900. 

In  1897  Nitzc  used  an  ivory  apparatus  which  he  placed  over  one  end  of  the 
vessel,  which  was  then  turned  back  like  a  cuff,  and  the  other  end  of  the  vessel 
was  drawn  over  it,  so  that  intima  lay  in  contact  with  intima.  After  suturing, 
the  apparatus  w^as  removed. 

In  1897  Dr.  John  B.  Murphy  *  was  the  first  successfully  to  perfonn  circular 
arteriorrhaphy  in  man;  he  reported  one  case  and  made  experiments  on  animals. 
Of  twelve  animal  experiments  two  only  were  successful.  Two  or  three  double- 
headed  sutures  are  inserted  into  the  proximal  segment  of  the  artery,  including 
the  two  outer  coats  only.  These  are  then  re-inserted  at  regular  intervals,  one- 
third  to  one-half  of  an  inch  above  the  end  of  the  distal  portion,  from  within 
outward.  The  threads  are  tied,  thus  invaginating  the  artery.  (Fig.  73.)  In 
order  to  facilitate  invagination  a  small  incision,  from  one-third  to  one-quarter 
of  an  inch  in  length,  is  made,  parallel  to  the  long  axis  of  the  vessel.  Inter- 
rupted sutures  are  then  inserted,  binding  the  intussuscipiens  to  the  surface  of 
the  intussusceptum,  the  sutures  in  the  latter  including  the  adventitia  only. 
Murphy  concludes  that  his  procedure  is  apphcable  to  large-sized  vessels  only. 
The  method  gives  a  double  thickness  of  the  artery  at  the  wounded  part,  but 
narrows  the  lumen  and  presents  a  ring  of  rough  tissue  inside  to  aid  throm- 
bosis. It  requires  also  that  there  be  enough  artery  to  invaginate.  According 
to  Murphy,  loss  of  more  than  three-quarters  of  an  inch  of  the  vessel  precludes 
invagination,  except  where  the  limb  can  be  flexed. 

In  1898  Glueck  performed  circular  suture  after  excising  a  segment  of  the 
artery,  which  was  temporarily  threaded  on  one  of  the  ends  of  the  vessel  and 
later  brought  down  over  the  line  of  the  suture  and  stitched  in  place.  Instead 
of  a  ferrule  of  artery  a  segment  of  vein  might  be  employed  for  the  same  purpose. 

In  1899  Doerflex  experimentally  sutured  arteries,  using  silk  and  penetrating 
all  the  coats  of  the  vessel. f  He  performed  invagination  in  four  animals  by  the 
Murphy  method,  three  of  the  operations  being  followed  by  thrombosis  and  one 
by  death  from  hemorrhage.  Doerflex  thought  that  the  dangers  which  were 
lodged  against  the  through-and-through  suture, — viz.,  a  foreign  substance  in 
the  lumen  of  the  artery,  endarteritis,  and  bleeding  from  the  stitch  holes, — 
w^ere  so  slight  as  to  be  negligible.  He  collected  43  experiments  in  which  the 
intima  was  included  in  the  suture,  with  thrombosis  in  5.  He  made  12  experi- 
ments himself  with  the  through-and-through  suture.  After  from  five  to  eight 
weeks  the  suture  could  not  be  seen  and  nothing  was  found  but  a  slight  thicken- 
ing of  the  artery  with  a  slight,  prominence  of  the  intima. 

Payr,  in  1900,  J  described  a  method  of  arterial  anastomosis  closely  resembling 
that  of  Nitze,  mentioned  above,  except  that  he  used  a  magnesium  apparatus 
which  was  ultimately  absorbed.  He  brought  intima  in  contact  with  intima 
and  obtained  good  results.  A  thin  magnesium  cylinder,  with  a  groove  on  the 
outer  surface,  was  put  over  the  proximal  end  of  the  artery,  which  was  then 

*  New  York  Med.  Rec,  Jan.  16th,  1897.  t  Beitraege  zur  klin.  Chir.,  1899. 

J  Archiv  f.  klin.  Chir.,  Bd.  Ixii.,  p.  67. 
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turned  back  over  the  cylinder  as  a  cuff,  so  that  the  intiina  faced  outward,  the 
cuff  being  fastened  in  place  by  a  piece  of  silk  tied  around  the  cylinder  at  the 
site  of  the  groove.  The  distal  end  of  the  artery  was  then  drawn  over  the  cylinder 
and  likewise  fastened  by  a  silk  thread  tied  around  the  cylinder  in  the  groove 
proximal  to  the  first  ligature,  so  that  the  intima  lay  in  contact  with  intima. 


I'iG.  7.5. 


Figs.  74  and  7.5. — Diagrams  Showing  Use  of  Payr's  Magnesium  Cylinder  in  Arterial  Anastomosis. 
(From  Archiv  fur  klinische  Chirurgie.) 

Fig.  74. — The  end  of  the  proximal  arterial  segment  has  been  drawn  through  the  cjdinder  and  is 
about  to  be  reflected  over  the  cylinder  as  a  cuff. 

Fig.  75. — The  proximal  end  of  the  artery  has  been  drawn  through  the  cylinder,  turned  back 
over  it,  and  secured  with  a  ligature.  The  distal  segment  is  dilated  and  ready  to  be  slipped  over  the 
cylinder. 

(Figs.  74, 75,  and  76.)  *  In  1903  Hoepfner  performed  six  circular  arteriorrhaphies 
on  animals  by  the  Payr  technique,  with  success  in  four  instances,  and  with 
thrombosis  in  two.  After  six  months  only  small  particles  of  the  metal  could 
be  found.  Gas  cysts  formed  in  the  two  cases  of  thrombosis  and  secondary 
hemorrhage  occurred  in  one  case  on  the  fifth  day.     The  method  of  Payr  is 

difficult  to  carry  out  and  cannot  be  applied  to  vessels 
less  than  3  mm.  in  diameter.  Gas  cysts  are  never 
found  unless  thrombosis  occurs. 

In  Payr's  second  method  t  male  and  female  alum- 
inum cylinders  were  used,  the  male  having  four  pegs 
and  the  female  four  holes.     (Fig.  77.)     The  end  of  the 
artery  was  drawn  through  the  male  cylinder  and  caught  on  the  pegs,  so  that  the 
intima  was  turned  outward.     The  peripheral  end  was  treated  in  the  same  way 
and  the  cylinders  were  then  joined.     (Figs.  78,  79,  80.) 

In  1902  Carrel  %  described  a  method  for  suturing  blood-vessels  which  seems 
to  be  the  best  yet  proposed.  It  may  be  used  for  small  vessels,  makes  an  air-tight 
joint,  does  not  diminish  the  calibre  of  the  vessel,  and  can  be  employed  in  all 
cases  in  which  suture  is  desirable.  Extremely  fine,  straight,  round,  sharp- 
pointed  needles  are  used.  In  end-to-end  anastomosis  three  guide  sutures  are 
applied  at  points  equally  distant  around  the  circumference  of  the  vessel.     Trac- 

*  Archiv  f.  klin.  Chir.,  Bd.  Ixx.,  p.  4.34.  f  Archiv  f.  klin.  Chir.,  1900,  1. 

X  Lyon  m6d.,  1902,  p.  859. 


Fig.  76. — Payr's  Arterial 
Anastomosis  Completed. 
{Archiv  f.  klin.  Chir.) 
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tioii  on  each  of  these  transfoniis  the  eiieumference  into  a  triangle  whose  sides 
may  be  elongated  as  much  as  the  elasticity  of  the  coats  pemiits.  Each  side  of 
the  triangle,  after  being  made  taut  by  an  assistant  drawing  on  two  of  th(^  guide 
sutures,  is  sewed  with  a  continuous  stitch,  the  insertions  of  the  needle  being  very 
close.  Although  it  was  originally  advised  that  the  intima  be  avoided,  it  is  now 
known  that  such  is  undesirable.  The  steps  of  end-to-end  anastomosis  are  as 
follows: — (1)  Provisional  ha^mostasis  with  rubber-coated  forceps  appUed  from 
1  to  2  cm.  from  the  ends  of  the  vessel.  These  are  used  by  an  assistant  to  bring 
the  segments  together.  (2)  Preparation  of  the  ends  of  the  vessel  by  cutting 
them  square  across.  If  the  external  tunic  slides  or  rolls  over  the  lumen  a  portion 
of  it  should  be  resected.     (3)  Passage  of  the  three  guide  sutures  as  described 
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Figs.   77-80. — Diagrams   Illustrating  Pa\T's  Second  Method   of   Securing   Arterial   Anastomosis, 
viz.,  by  means  of  Aluminum  Cylinders.     {Archiv  f.  klin.  Chinirgic.) 
Fig.   77. — The  Two  Halves  of  the  Cylinder. 

Fig.  78. — The  End  of  the  Artery  is  Shown  to  have  been  Dra-«-n  through  the  Cylinder. 
Fig.  79. — Tlie  Arterial  Wall  is  Caught  on  the  Pegs  so  that  the  Intima  is  Turned  Out. 
Fig.  80. — Shows  the  Cylinders  Joined. 

above.  Each  suture  is  tied.  1^4)  Transformation  of  the  section  to  a  triangle 
by  drawing  on  the  guide  sutures  (Fig.  81),  thus  dilating  the  vessel  and  facilitating 
suturing.  Suturing  of  each  side  of  the  triangle  with  a  continuous  suture.  (Fig. 
82.)  Temiino-lateral  anastomosis  is  performed  in  the  same  way.  The  opening 
in  the  large  vessel  should  he  slightly  larger  than  the  end  of  the  smaller  vessel. 

Li  1903  Amberg  performed  anastomosis  by  splitting  the  ends  of  arteries 
longitudinally  for  a  distance  of  3  or  4  mm.,  and  turning  the  flaps  thus  fonned 
outward,  so  as  to  bring  intima  in  contact  with  intima. 

Brewer  *  suggests  closing  wounds  of  large  arteries  with  sterile  adhesive 
plaster.  The  artery  is  first  cleansed  vdth.  ether.  ''A  small  strip  of  the  plaster 
is  next  passed  beneath  the  vessel,  and  the  two  corners  are  held  by  two  small 
artery  clamps  in  the  hands  of  an  assistant.     The  strip  is  then  put  gently  on  the 

*  Annals  of  Surgery.  Dec,   1904. 
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stretch  and  the  lower  extremity  of  the  strip  held  by  the  clamps  is  placed  firmly 
in  contact  with  the  vessel,  while  the  upper  extremity  of  the  plaster  is  slowly 
drawn  upward.  This  causes  the  vessel  to  rotate  with  the  plaster  until  the 
horizontal  edge  of  the  lower  extremity  of  the  plaster  is  on  a  level  with  the  vessel 
and  firmly  adherent  to  it.    The  two  clamps  are  then  passed  over  the  vessel  and 


Fig.  82. 


Figs.  81  and  82. — Diagrams  Showing  Carrel's  Method  of  Arterial  Anastomosis.  (From  the 
Lyon  Medical,  1902.) 

Fig.  81,  a,  shows  the  three  guide  sutures  passed  at  points  equidistant  around  the  circumference 
of  the  artery;  Fig.  81,  &,  shows  the  circular  end  of  the  artery  converted  into  a  triangle  by  traction 
on  the  guide  sutures. 

Fig.  82. — In  tliis  Figure  the  Ends  of  the  Artery  are  Approximated  and  Each  Side  of  the  Triangle 
is  Sutured  with  a  Continuous  Suture. 

the  plaster  is  kept  on  the  stretch  while  the  operator,  with  his  thumb  and  fore- 
finger, gently  rotates  the  vessel  backward,  and  at  the  same  time  compresses  the 
enveloping  plaster  until  it  adheres  snugly.  The  redundant  plaster  is  then 
removed  and  the  vessel  allowed  to  fall  back  to  its  normal  position  in  the  wound." 
(Brewer.) 

This  method  has  been  successfully  used  in  dogs  but  not  in  the  human  being. 
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It  leaves  a  foreign  substance  which  predisposes  to  infection,  and  it  not  infre- 
quently, as  shown  by  Brewer,  causes  throniloosis  from  too  much  pressure. 

Dorrance  *  describes  a  method  of  arteriorrhaj^hy  which  he  has  successfully 
used  in  the  horse  and  the  dog,  and  which  has  the  following  advantages: — The 
suture  does  not  protrude  into  the  lumen  of  the  artery,  the  interior  of  the  artery 
is  left  smooth,  and  the  liability  to  secondary  hemorrhage  is  lessened  by  the 
double  line  of  sutures.  After  clamps  have  been  applied  above  and  below  the 
wound,  the  suture  is  passed  through  the  two  outer  coats  of  the  artery  above  the 
wound  and  tied.     The  needle  then  traverses  all  the  coats  of  the  artery  on  each 


Fig.  83. 


Fig.  84. 


Figs.  83   and  84. — Dorrance's  Methods  of  Suturing  Arteries.     (Annals  of  Surgery,  Sept.,  1906.) 
Fig.  83. — Suture  Inserted  and  Pulled  Tight  in  Lower  Half. 

Fig.  84.— Mattress  Suture  Pulled  Tight  and  Half  Hitch  Made;    Whip   Stitch   partially   Inserted 
but  not  Pulled  Tight. 

side  of  the  wound,  in  the  form  of  a  continuous  mattress  suture,  with  the  dropping 
back  one-half  of  a  suture  length  every  third  suture  so  that  the  edges  of  the 
artery  are  everted.  The  suture  is  secured  at  the  lower  end  of  the  cut  with  a 
half-hitch,  and  brought  back  to  the  starting  point  as  a  continuous  whip-stitch 
over  the  edges  of  the  artery,  outside  of  the  mattress  suture.  (Figs.  83,  84.) 
This  method,  which  appears  to  be  identical  with  that  described  by  Clermont  in 
1901  for  the  circular  suture  of  veins,  can  be  applied  only  to  very  large  arteries 
and  may  then  prove  very  useful. 

De  Gaetano,t  in  his  work  on  animals,  placed  a  glass  cylinder  in  the  artery 
to  facilitate  circular  suturing,  removing  the  apparatus  before  he  tied  the  sutures. 

*  Annals  of  Surgery,  Sept.,  1906.  t  Centralblatt  f.  Chir.,  1906,  p.  72. 
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Microscopic  cxainination  of  the  cicatrices  after  arteriorrhaphy  shows  that 
the  intima  is  regenerated  and  that  the  outer  two  coats  are  replaced  by  fibrous 
tissue.  Burci,  however,  claims  that  complete  regeneration  of  the  three  coats 
occurs.     Jacobsthal  found  elastic  elements  in  the  scars,  but  no  muscle  fibres. 

We  have  collected  53  cases  of  lateral  and  10  cases  of  circular  arteriorrhaphy 
for  accidental  wounds.  These  figures  do  not  include  cases  in  which  arteries 
have  been  sutured  for  arterial  and  arteriovenous  aneurysm,  for  the  removal 
of  emboli  or  thrombi,  for  the  treatment  of  arteriosclerotic  gangrene,  or  for 
the  performance  of  direct  transfusion,  which  cases  may  be  found  under  their 
respective  headings. 

The  cases  of  suture  of  lateral  wounds  belonged  to  the  following  surgeons: 
1759,  Hallowell;  1892,  Durante  (2  cases),  Rosa;  1894,  Heidenhain;  1895, 
Zoege-Manteuffel,  Israel;  1896,  Orlow,  Battistini;  1897,  Ziegler;  1898,  Camag- 
gio,  Lindner,  Ricard,  Garre  (2  cases),  Nove,  Josserand;  1899,  Harte;  1900, 
Glueck,  Seggel,  Heinlein  (2  cases),  Koerte;  1901,  Richard,  Veau,  Rotter,  Pringle, 
Halstead;  1902,  Artiz  de  la  Torre,  De  Page,  Matas;  1904,  Brewer  (2  cases), 
Wiart,  Glauner,  Bergmann  (2  cases),  Torrance,  Plucker;  1905,  Stewart,  Martin, 
Jacobsthal,  De  Gaetano;  1906,  Dana,  Eichel,  De  Page,  Ziembicki  (3  cases); 
1907,  Poenaru-Caplescu ;  1908,  Stewart,  Sherman.  An  analysis  of  these  cases 
shows  the  following : — Artery  injured: — Common  carotid,  5 ;  internal  carotid,  2 ; 
axillary,  12;  brachial,  8;  radial,  2;  abdominal  aorta,  1;  common  iliac,  1;  exter- 
nal iliac,  4;  femoral,  12;  popliteal,  6. — Cause  of  injury. — Venesection,  1 ;  breast 
amputation,  6;  removal  of  tumors  elsewhere,  10;  stab  wound,  18;  appendicitis 
operation,  1;  operation  for  thrombosis  of  the  internal  jugular,  1;  secondary 
hemorrhage  following  crush,  1;  opening  fistula  of  groin,  1;  gunshot  wound,  1; 
hernia  operation,  4 ;  reduction  of  dislocation  of  shoulder,  2 ;  resection  of  knee,  2. 

The  size  of  the  wound  varied,  in  the  different  cases,  from  a  mere  puncture  to 
an  opening  20  mm.  in  length.  Catgut  was  used  in  only  ten  instances,  linen  thread 
in  one,  celluloid  thread  in  one,  and  silk  in  the  remainder.  In  20  cases  the 
sutures  pierced  the  two  outer  coats  only,  and  in  19  the  sutures  were  through- 
and-through;  in  the  rest  of  the  cases  the  depth,  of  the  suture  is  not  stated.  In 
41  cases  the  pulse  below  the  sutured  point  was  present  after  operation  and 
persisted;  in  4  cases,  although  present  at  the  completion  of  the  operation,  the 
pulse  disappeared  after  an  interval  of  some  weeks  or  months,  indicating  a  slowly 
forming  thrombus.  In  4  cases  absence  of  thrombosis  was  detemiined  at  autopsy. 
In  2  cases  the  sutures  tore  out  during  the  operation  and  it  became  necessary  to 
tie  the  artery  (the  femoral  and  the  iliac).  Secondary  hemorrhage  occurred  in 
2  cases;  in  one,  a  wound  of  the  axillary  reopened  on  the  twenty-first  day,  neces- 
sitating ligation  of  the  vessel ;  in  the  other,  invohdng  likewise  the  axillary,  death 
occurred  on  the  twelfth  day  from  hemorrhage ;  in  both  of  these  cases  the  wounds 
were  infected.  In  a  number  of  other  instances  secondary  hemorrhage  failed 
to  appear  despite  the  presence  of  infection.  Gangrene  is  mentioned  in  only  2 
cases  (femoral,  popliteal),  although  the  companion  vein  was  injured  in  several 
instances.     In  no  case  is  aneurysm  noted  as  a  sequel. 

The    cases    of    circular    arteriorrhaphy  were  reported    by    the    following 
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sur^itH )us:  181)7,  Murphy,  Djriiiil  Pacha  (2  eases);  LS99,  Kuciiiincl,  Krause; 
1002,  Fcrgiisson;  1904,  Dclangladc;  1905,  Stewart;  1900,  Stewart,  Brougham. 
Of  tht'se.  10  cases  the  axillary  artery  was  involved  in  3,  the  brachial  in  2,  the 
radial  and  ulnar  (same  imtient)  in  1,  the  femoral  in  3,  and  the  popliteal  in  1. 
In  3  the  wound  was  caus(>d  l)y  a  bullet,  in  1  by  a  piece  of  steel,  in  1  by  a  stab 
wound,  and  in  5  the  vessel  was  accidentally  opened  during  a  surgical  operation. 
The  largest  amount  of  vessel  resected  was  a  portion  2  inches  in  length  (femoral). 
In  7  eases  the  vessel  was  united  with  silk;  in  3  the  suture  material  was  not 
mentioned.  The  Murphy  method  was  emi)loyed  in  8  cases  and  simple  approxi- 
mation in  2.  In  5  cases  the  i)eripheral  pulse  could  be  felt  at  the  close  of  the 
operation,  and  in  5  it  was  absent  immediateh^  after  the  operation.  Infection 
occurred  in  at  least  3  cases  and  gangrene  in  2  (femoral,  popliteal).  In  no  case 
was  secondary  hemorrhage  or  aneurysm  reported. 

Finally,  we  may  mention:  Torrance's  case  *  in  which,  following  a  compound 
fracture  of  the  ankle,  the  anterior  tibial  artery  was  invaginated  into  the  internal 
saphenous  vein,  the  vessels  later  sloughing;  and  Golden's  case  f  ii^  which  the 
posterior  circumflex  was  drawn  into  the  brachial  artery  through  a  slit  in  the 
side  of  the  latter  after  the  circulation  through  the  brachial  had  been  destroyed 
by  an  injury.     In  this  case  death  followed  in  a  few  days  from  sepsis. 

Our  own  ideas  as  to  the  technique  of  arteriorrhaphy  are  as  follows ; — Asepsis 
should  be  absolute,  since  slight  infection,  even  though  too  mild  to  cause  suppura- 
tion, may  induce  thrombosis.  The  vessel  should  be  handled  as  gently  as  possible, 
and  not  more  of  the  sheath  should  be  stripped  from  it  than  is  absolutely  necessary. 
Provisional  haemostasis  should  be  secured  by  an  assistant  who  gently  compresses 
the  artery  between  the  fingers  at  a  convenient  distance  on  each  side  of  the  wound 
in  the  vessel.  Rubber-coated  clamps  of  various  sorts  are  unnecessary  and  more 
likely  to  produce  lesions  of  the  intima  (and  hence  thrombosis)  than  the  fingers. 
The  edges  of  the  wound  should  be  smooth.  If  there  is  any  fraying  or  laceration 
such  should  be  removed  with  a  sharp  knife  rather  than  vnth  scissors,  in  order  to 
avoid  contusion.  The  needles  should  be  as  fine  as  are  obtainable  and  should  not 
have  cutting  edges.  The  silk  likewise  must  be  of  the  finest  and  may  be  sterilized, 
as  suggested  by  Carrel,  b}'  boiling  in  vaseline.  The  silk  is  put  into  the  vaseline 
dry,  so  that,  when  the  proper  degree  of  heat  is  reached,  the  entire  strand  becomes 
impregnated  with  fat.  Carrel  applies  sterile  vaseline  also  to  the  edges  of  the 
wound  in  the  vessel  to  prevent  drying.  Salt  solution  may  be  used  for  the  same 
purpose.  In  lateral  wounds  a  guide  suture,  to  be  held  by  an  assistant,  may  be 
placed  at  either  end  of  the  wound,-  in  order  to  facilitate  suturing.  The  con- 
tinuous suture  is  more  rapidly  applied  than  the  interrupted  and  there  is  less 
tendency  to  leakage  between  the  points  of  insertion.  The  suture  should  penetrate 
all  the  coats  of  the  artery  instead  of  the  outer  and  middle  coats  only,  since 
the  former  is  easier  to  apply  and  much  more  sure  to  hold.  The  points  of  inser- 
tion should  be  about  1  mm.  apart  and  the  suture  so  inserted  as  slighth^  to  evert 
the  edges  of  the  wound  and  insure  accurate  contact  of  intima  with  intima.  The 
less  tension  on  the  suture  line  the  greater  the  chance  of  success.     The  distal 

*  Charlotte  Med.  Jour...  June,,  1907.  f  ^"^'est  Va.  Med.  Jour.,  April,  1907. 
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compression  should  first  be  removed,  then  the  proximal  very  gradually,  \\liil<' 
pressure  is  applied  to  the  suture  line  until  the  needle  punctures  cease  to  bleed. 
Next,  the  sheath  should  be  sewed,  then  the  fascia,  and  finally  the  skin.  If  the 
wound  involves  more  than  one-third  or  at  most  one-half  of  the  circumference  (jf 
the  vessel  most  authors  advise  that  the  section  be  completed  and  an  end-to-end 
anastomosis  performed.  This  is  best  effected  by  the  Carrel  method,  a  brief 
description  of  which  has  been  given  above. 

Unfortunately,  in  the  very  cases  in  which  arteriorrhaphy  for  wounds  is  most 
strongly  indicated, — i.e.,  in  those  individuals  with  chronic  arteritis,  in  whom 
the  danger  of  gangrene  after  ligation  is  much  increased, — the  sutures  are  apt  to 
tear  out  during  the  operation  or  thrombosis  is  likely  to  occur  subsequently. 
Even  in  these  cases,  however,  we  believe  that  arteriorrhaphy  should  be  tried, 
since,  when  one  considers  the  probability  of  section  of  the  vessel  by  a  ligature, 
the  dangers  of  sutures  are  at  least  no  greater  than  those  of  ligation,  and  in  the 
event  of  thrombosis  the  patient  is  no  worse  off  than  after  the  application  of  a 
ligature.  Indeed,  if  the  thrombus  forms  slowly,  the  collateral  vessels  may 
sufficiently  dilate  to  prevent  the  occurrence  of  gangrene  in  the  affected  part. 

Experimentally,  the  perfection  of  the  technique  of  arteriorrhaphy  has  led 
to  some  interesting  results.  Arteries  and  veins  have  been  transplanted  success- 
fully and  even  organs  have  functionated,  at  least  for  a  few  days,  after  being 
transplanted  from  one  animal  to  another.  ■  (Carrel  and  Guthrie  and  others.) 
Hoepfner  amputated  and  then  replanted  a  leg  in  three  dogs.  In  pne  animal 
the  circulation  remained  intact  four  days.  Vessel  transplantation  has  been  tried 
twice  in  man.  Delbet,*  after  excising  an  aneurysm  of  the  femoral  artery, 
attempted  to  graft  between  the  ends  of  the  vessel  a  segment  of  a  femoral  artery 
from  an  amputated  limb.  The  sutures  tore  out  repeatedly,  owing  to  the  presence 
of  atheroma,  and  he  was  forced  to  ligate. 

Goyanes  f  extirpated  a  popliteal  aneurysm  and  successfully  transplanted  a 
segment  of  the  popliteal  vein  into  the  breach,  using  Carrel's  technique.  As  to 
organ  transplantation,  Jaboulay  J  reports  two  cases  of  chronic '  nephritis  in 
which  he  transplanted  a  pig's  kidney  in  one  and  a  goat's  kidney  in  the  other 
to  the  bend  of  the  elbow,  anastomosing  the  renal  artery  with  the  brachial,  and 
the  renal  vein  with  the  median  cephalic.     Thrombosis  occurred  in  both  cases. 

VI.  ANEURYSMS. 

Arterial  Varix. — An  arterial  varix  corresponds  to  a  varicose  vein;  the  artery 
is  dilated,  elongated,  thickened,  and  tortuous.  It  is  a  condition  which  some- 
times affects  the  large  vessels  in  old  age.  Closely  related  to  arterial  varix  is  the 
compensatory  dilatation  of  small  and  medium-sized  vessels  after  occlusion  of 
a  large  artery.  .  The  arteries  supplying  a  region  which  is  the  seat  of  a  cirsoid 
aneurysm  are  generally  varicose,  but  the  conditions  are  not  to  be  confused. 

*  Revue  de  chir.,  June,  1907,  p.  1086. 

t  Siglo  medico,  Sept.  8th,  1906;  Jour.  Amer.  Med.  Assoc,  Oct.  6th,  1906,  p.  1121. 

t  Semaine  med.,  Oct.  3d,  1906. 
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Cirsoid  Aneurysm. — Cirsoid  aneurysm  was  first  described  by  John  Bell,  under 
the  heading  of  aiunuysin  by  anastomosis.  Other  terms  used  by  various  authors 
are:  plexiform  angioma.,  ra('(Mnose  aneurysm,  racemose  arterial  angioma.  The 
condition  is  an  elongation  and  dilatation  of  the  arterioles  and  larger  branches  of 
one  or  more  arteries,  which  arteries  are  generally  themselves  widened  and 
tortuous,  either  because  the  disease  extends  to  them  or  because  of  the  increased 
amount  of  blood  which  they  are  called  upon  to  supply  to  the  affected  region. 
Not  only  is  the  arterial  side  of  the  terminal  circulatory  apparatus  involved,  but 
the  capillaries  also  are  greatly  distended,  forming  large  channels  of  communica- 
tion with  the  veins,  which  likewise  are  dilated,  thickened,  and  often  pulsating. 
For  such  cases  the  term  phlebarterectasia  has  been  suggested. 

Etiology. — The  cause  of  cirsoid  aneurysm  is  obscure.  Most  cases  develop 
from  simple  congenital  hsemangiomata.  The  reason  for  this  transformation 
in  many  cases  is  stated  to  be  injury,  sometimes  slight  and  repeated,  such  as  that 
produced  by  a  comb  when  the  condition  is  on  the  scalp,  sometimes  a  single 
trauma,  as,  e.g.,  a  dog  bite.*  Pregnancy,  puberty,  menstrual  suppression, 
alcoholism,  etc.,  have  been  cited  as  playing  a  part  in  the  transformation  of 
ha?mangioma  into  cirsoid  aneurysm,  but  are  probably  merely  coincidental. 
Cases  which  develop  later  in  life  generally  arise  between  the  fifteenth  and  thirtieth 
years,  occasionally  from  a  preexisting  angioma,  but  more  often  subsequently 
to  some  form  of  trauma,  probably  as  the  result  of  disturbance  of  the  vasomotor 
nerves. 

Pathology. — The  growth  is  found  most  frequently  on  the  scalp  (Fig.  85), 
then  on  the  face  or  neck.  The  site  of  predilection  in  the  extremities  is  the 
hand  (Fig.  86).  The  walls  of  the  dilated  and  tortuous  arteries,  like  those  of 
varicose  veins,  are  in  places  greatly  thickened  as  the  result  of  chronic  arteritis 
and  in  others  extremely  thin,  often  forming  pouch-like  dilatations,  which 
occasionally  rupture.  The  venous  walls  are  generally  hypertrophied  or  fibrous. 
Both  arteries  and  veins  are  greatly  elongated  and  communicate  directly  with 
each  other  by  enormously  enlarged  capillaries.  The  arteries  supplying  the 
affected  region  are  dilated,  elongated,  and  tortuous,  sometimes  for  a  great 
distance.  The  walls  are  at  first  thickened  and  hypertrophied,  but  later  the 
middle  coat  may  undergo  fatty  degeneration  and  the  walls  become  stretched 
and  thinned.  The  efferent  veins  undergo  changes  similar  to  those  occurring 
in  the  arteries,  but  not  to  so  great  an  extent.  The  deformed  vessels  are  sur- 
rounded by  new  connective  tissue,  and  hence  cannot  be  straightened,  even  after 
removal  from  the  body,  unless  the  adhesions  are  separated.  The  skin,  nerves, 
and  muscles  may  be  atrophied ,  from  pressure,  and  the  bone,  particularly  the 
cranium,  may,  as  in  aneurysm,  be  eroded  and  even  perforated.  In  Clemot's 
case,  after  perforation  of  the  bone,  an  intracranial  hemorrhage  was  induced  by 
ulceration  of  one  of  the  arteries. 

The  Symptoms. — The  tumor  exhibits  a  marked  tendency  to  increase  in  size, 
sometimes  gradually  and  sometimes,  as  at  puberty  or  during  pregnancy,  rather 
rapidly.     Yet  it  may  remain  stationary  for  long  periods  at  a  time.     Recession 

*  Rotgans,  in  Hildebrand's  Jahresber.,  1897,  p.  346. 
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and  even  spontaneous  cure  are  said  to  be  possible,  altliough  extremely  rare 
eventualities.  AMien  the  tumor  is  fully  developed  a  tortuous,  coiled,  worm-like 
mass  of  pulsating  vessels  can  be  readily  seen  and  felt.  This  mass  is  irregular, 
bosselatcd,  and  without  well-defined  limits.  The  overlying  skin  is  apt  to  be 
thin  and  adherent  in  places,  and  not  infrequently  cyanotic  or  pinkish  in  color. 
The  tumor  is  soft  and  elastic,  and  pulsates  synchronously  with  the  heart.  Each 
pulsation  is  accompanied  by  a  thrill,  analogous  to  that  of   an  arteriovenous 


im 


Fig.  85. 


Fig.  86. 


Figs.   85  and  86. — Cirsoid  Aneurysms.     (Tillmanns.) 

Fig.  85. — Cirsoid  Aneurysm  of  the  Head. 

Fig.  86. — Cirsoid  Aneurj^sm  of  the  Hand  and  Forearm. 

aneurysm,  and  by  a  bruit,  which  may  be  intermittent,  or  continuous  with  aug- 
mentation at  each  pulsation,  and  which  may  be  heard  some  distance  from  the 
growth,  particularly  along  the  afferent  arteries.  Pressure  on  the  principal 
artery  of  supply  reduces  the  size  of  the  mass  and  the  force  of  the  pulsation, 
thrill,  and  bruit,  while  pressure  on  the  efferent  veins  acts  in  a  reverse  manner. 
Only  in  the  extremities  can  the  pulsation,  thrill,  and  bruit  be  made  to  dis- 
appear entirely  by  proximal  compression.  In  cirsoid  aneurysm  of  the  head 
the  patient  may  be  kept  awake  by  the  pulsation  and  bruit,  and  occasionally  he 
suffers  from  pain  and  giddiness.  When  one  of  the  extremities  is  involved  the 
usefulness  of  the  part  may  be  impaired  or  destroyed,  sometimes  owing  to  in- 
volvement of  the  muscles  and  nerves.  In  either  region  the  atrophied,  adherent 
skin  may  ulcerate  and  give  rise  to  alarming  hemorrhages  or  serious  infection. 
The  possibility  of  changes  in  the  soft    parts  and    bones  has  been  mentioned 
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above.  In  larg(>  growths  the  toniix'nituro  of  the  affected  part  is  elevated,  but 
rarely  more  than  one  degree. 

The  Treatment. — The  best  treatment  for  cirsoid  aneurysm  is  extiri)ation, 
each  vessel  leading  to  the  growth  l^eing  divided  between  ligatures.  Excei)t  in 
the  case  of  the  smallest  growths  this  is  always  a  f()rmidal)le  undertaking,  owing 
to  the  great  quantity  of  l)lood  which  is  unavoidably  lost  and  the  large  amovmt 
of  time  required  for  ligating  all  the  vessels.  For  these  reasons  the  operation 
may  be  done  in  several  stages,  only  a  portion  of  the  circumference  of  the  mass 
being  traversed  at  one  time.  I'nfortunately,  in  many  instances  the  disease 
is  so  widespread  that  excision  is  out  of  the  question,  and  other  methods  must  be 
considered.  Ligation  of  the  afferent  artery  has,  as  a  rule,  only  a  transient  effect 
and  is  often  dangerous.  Of  73  cases  in  which  the  connnon  carotid  artery  was 
tied  for  cirsoid  aneurysm,  death  occurred  in  21,  and  of  those  which  recovered 
about  one-half  were  cured.  Of  9  cases  in  which  both  common  carotids  were 
tied  at  intervals  2  died,  1  was  cured,  and  2  improved.*  Of  13  ligations  for 
cirsoid  aneurysm  of  the  hand,  only  2,  according  to  Polaillon,t  were  benefited. 
In  the  extremities  gangrene  is  a  possible  result  of  ligation.  Cauterization  is 
dangerous,  owing  to  the  fact  that  violent  hemorrhage  may  occompany  the 
separation  of  the  sloughs.  Compression  of  the  tumor,  or  of  the  arteries  which 
feed  it,  is  only  palliative.  The  injection  of  coagulating  fluids,  such  as  Monsel's 
solution,  carbolic  acid,  boiling  water,  alcohol,  etc.,  has  been  successful  in 
several  cases,  but  is  not  recommended  because  of  the  danger  of  embolism. 
Electrolysis  is  probably  less  dangerous.  Payr  J  suggests  the  pushing  of  little 
arrows  of  magnesium  in  all  directions  into  vascular  tumors  through  a  small 
incision.  The  absorption  of  the  metal  induces  coagulation  with  consequent 
destruction  of  the  blood-channels.  The  x-rays  also  have  been  used  in  the 
treatment  of  these  vascular  gro'^1:hs.  Finally,  in  the  extremities,  amputation 
may  be  required  when  repeated  hemorrhages  occur  or,  since  free  incisions  cannot 
be  made,  when  the  part  becomes  infected. 

Aneurysm.-^An  aneurysm  is  a  hollow  timior  containing  l^loocl  and  com- 
municating with  the  lumen  of  an  artery.  Cirsoid  aneurysm  and  arteriovenous 
aneurysm  are  frequently  considered  under  this  heading.  The  former  has  just 
been  described,  the  latter  will  be  discussed  at  the  end  of  this  section. 

Aneurysms  were  recognized  even  in  the  earliest  times.  Rufus  of  Ephesus 
and  Galen  were  familiar  with  the  traumatic  variety,  but  Antyllus  seems  to 
have  been  the  first  to  describe  the  spontaneous  form. 

A  true  aneurysm  is  one  whose  walls  are  composed  of  one  or  more  of  the 
arterial  coats;  a  false  aneurysm,  one  whose  walls  are  formed  of  condensed 
perivascular  tissues. 

According  to  their  form  aneurysms  are  divided  into  the  fusiform  or  tubular, 
the  saccular,  and  the  dissecting. 

A  fusiform  or  tubular  aneurysm  (Fig.  87,  a  and  h)  is  a  dilatation  and  length- 

*  Wyeth:  "International  Encyclopedia,"  vol.  ii. 

t  Bull,  de  la  soc.  de  chir..  1S84.  p.  .348 

X  Deutsche  Zeitschrift  f.  Chir..  Bd.  Ixiii.,  1901,  p.  503. 
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Fig.  87. — Different  Forms  of  Aneurrsm.  a, 
Cylindrical  aneurysm;  b,  fusiform  aneur^'-sm;  c, 
sacculated  aneurysm.. 


ening  of  a  section  of  an  artery,  generally  in  the  cranium,  the  thorax,  or  the 
abdomen.  It  is  spontaneous  in  origin, — i.e.,  the  result  of  increased  blood- 
pressure  acting  upon  a  diseased  artery, — and  is  always  a  true  aneurysm.  Some 
of  the  mildest  fomis  are  called  aneuiysmal  dilatations.  Pressure  upon  sur- 
rounding organs  is  frecjuently  responsible  for  the  fatal  result.  Layers  of  fibrin 
are  rarely  deposited  upon  the  walls,  but  rupture  is  unusual.     ^Yhen  the  wall 

does    give  way  death   follows  or  a 
false  saccular  aneurj^sm  results. 

A  saccular  aneurysm  (Fig.  87,  c) 
may  spring  from  a  fusifomi  aneurysm 
or  from  the  side  of  an  undilated  ar- 
tery. It  consists  of  a  sac  which  com- 
municates wdth  the  lumen  of  the  ar- 
tery by  an  opening  in  the  side  of  the 
vessel;  the  entire  circiunference  of 
the  vessel  is  not  involved.  ]\lany 
true  and  all  false  and  traumatic  an- 
eur3'sms  are  of  this  variety.  A  sac- 
cular aneurysm  is  said  to  be  circum- 
scribed when  the  sac  wall  is  distinct 
and  complete,  and  diffuse  when  the 
sac  has  iTiptured  and  the  blood  has 
extravasated  into  the  surrounding  tissues. 

A  dissecting  aneurysm  is  found  most  frec|uently  in  the  thoracic  aorta.  About 
eighty  cases  exist  in  the  literature.*  The  blood  finds  its  waj^  into  the  arterial 
wall  through,  an  atheromatous  ulcer  and  dissects  the  outer  half  from  the  inner 
half  of  the  middle  coat.  A  sort  of  sac  is  fomied,  which  remains  as  such,  or  the 
blood  may  make  its  way  back  into  the  artery  through  another  atheromatous 
ulcer.  If  a  weakened  spot  in  the  outer  tunic  is  found,  extravasation  into  the 
perivascular  tissues  occurs.  Letulle  f  reports  a  case  in  which  a  dissecting 
aneuiysm  extended  the  whole  length  of  the  aorta.  During  life  practically  all 
the  blood  passed  through  the  aneuiysm,  which  was  as  large  as  a  thmnb  in 
calibre. 

Etiology. — According  to  their  mode  of  formation  aneurysms  are  said  to  be 
traumatic  or  spontaneous. 

A  traumatic  aneuiysm  is  alwaj'-s  saccular.  Although  many  authors  restrict 
the  teiTU  traumatic  strictly  to  false  aneurysms  the  result  of  injury,  we  prefer, 
since  trauma  may  cause  a  tnie  aneuiysm,  to  recognize  both  the  tiTie  and  the 
false  varieties. 

A  tiiie  traumatic  aneuiysm  occurs  after  contusions  or  partial  ruptures  of  an 
arter}'' — usually  of  the  inner  and  middle  coats.  Wounds  of  the  adventitia  and 
media  may  result  in  a  hernia  of  the  intima,  which,  if  it  withstands  the  blood- 
pressure,  forms  an  aneuiysm   (hernial    aneuiysm).     "Wounds  of  vessels  which 

*  Coleman,  in  Dublin  Jour.  Med.  Sciences,  Aug.,  1898. 

t  Soeiete  med.  des  hopitaiix  de  Paris,  Dec.  29th,  1905;   Lancet.  Feb.  3d,  1906. 
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have  healed  also  may  give  rise  to  aneurysm,  as  the  result  of  stretching  of  the 
scar  tissue. 

A  false  traumatic  aneurysm  follows  those  wounds  of  arteries  (stab,  incised, 
lacerated,  gunshot)  in  which  a  haematoma  is  formed  that  communicates  with 
the  arterial  lumen.  The  sac  wall  is  formed  by  the  condensed  perivascular 
tissues  and  not  by  the  coats  of  the  artery. 

Spontaneous  or  idiopathic  aneurysms  include,  according  to  the  usual  classi- 
fication, all  which  are  not  traumatic  in  origin. 

Congenital  aneurysm  has  been  observed  in  various  arteries  and  is  often 
multiple.  According  to  Eppinger  *  the  elastic  elements  of  the  vessel  have 
disappeared  and  the  sac  consists  only  of  the  intima  and  adventitia. 

An  acquired  spontaneous  aneurysm  depends  upon  a  weakening  of  the  coats 
of  the  artery,  particularly  the  middle,  as  the  result  of  inflammation  or  degen- 
eration. Acute  suppurative  arteritis  may,  as  we  have  already  noted,  result  in 
perforation  of  an  artery  into  an  abscess  cavity,  giving  rise  to  a  false  aneurysm. 
If  only  a  portion  of  the  arterial  wall  is  thus  destroyed  the  remaining  coats  may 
be  stretched  to  form  an  aneurysm  (aneurysm  by  erosion). 

Embolic  aneurysms,  according  to  Ponfick,  are  caused  b}'  direct  injury  to 
the  vessel  wall  by  sharp  calcareous  emboli.  According  to  later  observers  these 
aneurysms  are  the  result  of  infective  softening  of  the  vessel  wall.  Eppinger 
showed  that  the  intima  and  a  part  or  the  whole  of  the  media  are  destroyed  by 
bacteria  when  one  of  these  aneurysms  forms,  and  hence  he  suggested  the  temi 
mycotico-embolic  as  a  proper  designation  for  them.  The  aneurysm  corresponds 
to  the  situation  of  the  embolus  and  not  to  the  segment  of  the  vessel  immediately 
proxmial  to  it,  as  was  at  one  time  supposed,  the  belief  being  that  the  sudden 
blocking  of  the  blood-stream  caused  this  portion  of  the  artery  to  dilate.  In 
the  horse  aneurysms  of  the  anterior  mesenteric  artery  are  not  infrequently 
caused  by  the  Strongylus  armatus. 

By  far  the  largest  number  of  spontaneous  aneurysms  are  the  result  of  chronic 
arteritis.  The  early  stage  of  chronic  inflammation  of  an  artery,  before  com-, 
pensatory  thickening  of  the  intima  occurs,  is  the  most  favorable  one  for  the 
production  of  an  aneurysm.  We  have  already  mentioned  the  causes  of  chronic 
arteritis  and  called  attention  to  the  frequency  with  which  the  form  that  is  caused 
by  syphilis  is  followed  by  aneurysm,  owing  to  the  atrophy,  degeneration,  or 
fragmentation  of  the  tunica  media. 

Although  many  individuals  suffer  from  chronic  arteritis,  very  few  develop 
aneurysms;  hence  other  conditions  must  in  many  instances  be  invoked  as  con- 
tributing factors — such,  for  example,  as  age,  sex,  occupation,  etc. 

Age. — Aneurysm  is  most  frequent  between  the  thirtieth  and  fiftieth  years, 
during  which  time  arteriosclerosis  frequently  begins,  although  the  bodily  con- 
dition is  still  sufficiently  vigorous  to  lead  to  overexertion.  Of  501  cases  collected 
by  Crisp  1  occurred  in  the  first  decade,  5  in  the  second,  71  in  the  third,  198  in  the 
fourth,  125  in  the  fifth,  65  in  the  sixth,  25  in  the  seventh,  8  in  the  eighth,  2  in 
the  ninth,  and  1  in  the  tenth. 

*  Archiv  f.  klin.  Chir.,  Bd.  xxxv.,  1887,  Suppl. 
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Sex. — Anoiiry^ni  is  about  seven  times  more  frecjuent  in  men  than  in  women, 
probably  owing  to  the  greater  frequency  of  injuries  and  violent  exercise  in  the 
former. 

Race. — Aneurysm  is  said  to  be  more  frequent  in  England  than  in  the  United 
States,  France,  or  Germany,  because,  it  is  suggested,  of  the  greater  amount  of 
alcohol  consumed  in  that  country.  Aneuiysm  is  rare  in  Italy  and  China,  and, 
according  to  Weber,  is  unknown  among  the  Hindoos.  Rodman  states  that 
aneurysm  is  three  times  more  frequent  in  the  colored  than  in  the  white  race. 

Occupation. — Laborious  occupations  of  all  sorts  predispose  to  aneurysm. 
According  to  Lawson,  in  1806,  the  deaths  from  aortic  aneurysm  in  the  English 
army  were  eleven  times  more  frequent  than  among  the  civil  population.  The 
pressure  exerted  by  weapons,  tight  belts,  and  poorly  fitting  clothing  is  given 
as  the  cause  of  the  greater  frequency  of  aneurysm  in  the  army  than  in  the  navy. 

Trauma. — Not  infrequently  the  patient  gives  a  history  of  some  form  of 
trauma,  slight  or  severe,  and  presents  evidences  of  chronic  arteritis.  In  these 
cases  it  is  difficult  or  impossible  to  determine  whether  the  trauma  or  the  arterial 
disease  has  been  the  principal  factor  in  the  arterial  dilatation.  Certain  forms 
of  trauma  of  a  chronic  nature,  such  as  that  produced  by  an  exostosis,  may  be 
followed  by  aneurysm.  In  these  cases  there  is  neither  ulceration  of  the  vessel 
nor  rupture,  but,  as  the  result  of  pressure,  a  disturbance  of  the  nutrition  of  the 
vessel,  W'hich  causes  chronic  inflammation,  and  subsequently  degeneration  of 
the  middle  coat  of  the  artery. 

Pathology. — In  551  cases  of  aneurysm  Crisp  found  the  thoracic  aorta 
affected  in  175,  the  abdominal  aorta  and  its  branches  in  59  (making  41.7  per 
cent  for  the  aorta),  the  popliteal  in  137  (24.9  per  cent),  the  femoral  in  60  (11.9 
per  cent),  the  subclavian  in  23  (4.1  per  cent),  the  innominate  in  20  (3.6  per 
cent),  the  vertebral  in  7  (1.8  per  cent),  the  axillary  in  18  (3.2  per  cent),  the 
external  iliac  in  9  (1.9  per  cent),  the  pulmonary,  posterior  tibial,  common  iliac, 
and  gluteal  each  in  2  (0.3  percent),  the  temporal,  ophthalmic,  subscapular,  and 
brachial,  each  1  (0.1  per  cent).  If  one  includes  also  minute  aneurysms  the 
arteries  of  the  brain  and  the  lung  would  head  the  list. 

Number. — Aneurysms  are  generally  single,  but  occasionally  they  are  multiple 
and  sometimes  symmetrical.  Manec  has  counted  thirty  in  one  case  and  Pelletier 
sixty-three  in  another. 

Volume. — The  size  of  aneurysms  varies  greatly.  They  maj?"  reach  the 
dimensions  of  a  large  orange  or  even  a  child's  head.  The  largest  varieties  are 
always  of  the  false  variety,  even  though  originally  made  up  of  the  coats  of  the 
artery.  When  the  sac  of  a  tiTie  aneuiysm  gives  way  to  fomi  a  false  aneurysm. 
the  latter  is  sometimes  called  a  consecutive  false  aneurj^sm. 

Form. — ^An  aneurysm  may  be  smooth  and  symmetrical,  particularly  in  the 
early  stages,  if  it  be  of  the  true  variety,  but  more  often  the  sac  yields  more  in 
some  places  than  in  others,  thus  gi^nng  it  a  bosselated  appearance.  Its  shape 
is  modified  also  b}^  the  character  of  the  surrounding  tissues,  since  it  grows  most 
rapidly  in  the  lines  of  least  resistance.  Not  infrequently  it  is  grooved  by  neigh- 
boring nerve  trunks     Owing  to  the  direction  of  the  blood-stream,  that  portion 
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of  tho  sac  which  is  distal  to  tho  iiiouth  of  the  aiiciirysin  is  generally  larger  than 
the  proximal  }:)ortion.  which  is  somewhat  protected  fnjm  the  force  of  the  arterial 
current.  .  Although  an  aneurysm  may  be  connected  with  the  artery  by  a  short, 
wide  pedicle,  which  has  been  called  the  collar,  more  often  it  is  sessile.  Occasion- 
ally it  seems  to  envelop  the  ves- 
sel like  a  saddle. 

The  Sac  Wall— In  general  the 
sac  wall  is  thickest  at  its  point  of 
origin  from  the  artery,  and  thin- 
nest at  its  equator  in  the  fusiform 
aneuiysm,  or  just  below  this 
point  in  the  saccular  variety.  As 
the  result  of  inflammation,  how- 
ever, any  portion  of  the  wall  may 
be  markedty  thickened,  and  as 
the  result  of  a  secondaiy  divertic- 
ulum any  portion  may  be  greatly 
thinned.  In  the  areas  most  di- 
lated no  trace  of  the  middle  coat 
can  be  found  microscopically. 
while  near  the  orifice  of  the  an- 
eurysm remnants  of  this  structure 
may  be  demonstrated.  The  nor- 
mal endotheliimi  disappears  in 
places  and  the  internal  tunic  is 
represented  by  fiat  cells  sepa- 
rated by  fibrillar  connective  tis- 
sue, which  may  undergo  fatty  or 
calcareous  degeneration.  The  ex- 
ternal tunic  is  thickened  and  re- 
sembles in  structure  the  internal 
tunic.  In  a  false  aneurysm  the 
sac  wall  is  formed  of  dense  con- 
nective tissue  lined  by  flattened 
cells  which  resemble  the  altered 
intima  of  a  true  aneur^^sm. 

The  Mouth  of  the  Sac. — The  orifice  of  a  recent  saccular  aneurysm  is  generally 
small  and  somewhat  irregular.  It  may,  however,  have  a  punched-out  appearance 
with  sharp  edges,  and  is  occasionally  fimbriated.  With  the  gro^^-th  of  the 
aneurysm  the  mouth  becomes  oval,  its  long  axis  corresponding  to  that  of  the 
artery.  Sometmies  the  mouth  elongates  to  such  an  extent  that  the  aneurysm 
resembles  the  fusifomi  variety. 

Contents. — In  the  early  stages,  while  the  sac  is  small,  the  contents  consist 
of  fluid  blood  only.  Later,  when  the  sac  increases  in  size,  particularly  in  the 
sacculated  varietv  in  which  the  mouth  is  small  or  so  situated  as  not  to  receive 


t'iG.  SS. — Aneurysm  of  Thoracic  Aorta. 

The  patient,  a  man,  aged  34,  complained  of  dysphagia, 
dyspnoea,  and  pain  in  the  region  of  the  heart.  There 
was  a  pulsating  tumor  to  the  left  of  the  sternum,  on  a 
level  with  the  third  rib.  Marked  erosion  of  the  vertebra; 
found  at  autopsy.     (Pennsylvania  Hosjaital  case.) 
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the  full  force  of  the  circulation,  layers  of  fibrin  are  deposited  upon  the  walls,  the 
outer  and  older  layers  being  dry,  firm,  and  yellowish-white  in  color,  the  inner  and 
younger  soft,  friable,  and  red.  (Fig.  89.)  In  some  cases  the  concentric  dispo- 
sition of  the  layers  of  clot  is  disturbed  by  sudden  augmentations  in  the  size  of 
the  aneurysm,  so  that  fissures  exist  in  the  outer  layers  in  which  red  clot  is 
deposited.  Nature  rarely  makes  an  effort  to  organize  this  clot,  neither  living 
cells  nor  vessels  being  present;    the  tendency  is  rather  toward  degeneration. 


Fig.  89. — Thoracic  Aneurysm,  Showing  Laminated  Clot.     (Pennsylvania  Hospital  case.) 

Thus,  in  the  outermost  layers,  granular  and  fatty  changes  are  found,  and  often 
irregular  cavities  filled  with  atheromatous  material. 

Changes  in  the  Environing  Tissues. — The  artery  from  which  a  true  aneurysm 
springs  is  generally  dilated,  indurated,  and  flexuous — in  other  words,  the  seat 
of  chronic  arteritis.  In  certain  cases,  however,  careful  examination  fails  to 
reveal  any  pathological  alterations  in  the  artery  above  and  below  the  aneurysm. 

The  collateral  arteries  are  dilated  in  proportion  to  the  obstruction  offered 
to  the  blood-current  in  the  main  vessel.  The  satellite  veins  are  compressed  and 
sometimes  thrombosed. 

The  neighboring  nerves  may  be  included  in  the  sac  wall  and  are  frequently 
altered  by  chronic  inflammation,  giving  rise  to  various  motor,  sensory,  and 
trophic  symptoms. 

The  bones  in  contact  with  the  aneurysm  are  eroded  as  the  result  of  a  rarefying 
ostitis  and  may  be  perforated — e.g.,  the  sternum  by  an  aortic  aneurysm — or 
break  spontaneously. 
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Tlio  joints  likewise  may  be  eroded,  the  ligaments  ruptured,  and  spontaneous 
dislocation  occur,  or  the  aneurvsin  may  mixture  into  a  joint  cavity. 

The  muscles  are  pushed  aside,  atrophied,  and  degenerated. 

The  surrounding  connective  tissue  becomes  condensed  and  indurated  as  the 
rc^sult  of  chronic  infiannnation.  causing  the  aneurysm  to  adhere  strongly  to  the 
neighboring  tissues.  Occasionally  the  inflammation  becomes  acute  and  event- 
uates in  suppuration. 

Erohdion  of  an  Aneurysm. — AMien,  as  the  result  of  atrophy,  fragmentation, 
degeneration,  or  rupture  of  the  musculo-elastic  middle  coat  of  an  artery,  the 
walls  of  the  vessel  yield  at  a  certain  point,  an  aneurysm  is  inaugurated,  saccular 
if  the  lesion  be  lateral,  fusiform  if  the  entire  cii'cumference  is  involved.  As,  at 
each  pulse-wave,  the  blood  is  hurled  against  this  weakened  spot,  there  is  soon 
formed  a  diverticulum,  which,  o■v^•ing  to  its  loss  of  elasticity,  cannot  complete!}^ 
empty  itself  of  the  blood  from  one  pulse  wave  before  another  is  forced  into  it. 
Thus  there  is  a  constant  tendency  to  overcUstention  and  dilatation  of  the  sac  and 
to  stagnation  of  the  blood  within  it,  with  the  formation  of  eddies.  The  latter, 
coml^ined  with  the  alterations  in  the  wall  of  the  sac,  leads  to  a  deposit  of  clot  over 
the  lining  membrane  of  the  aneurysm.  In  this  way  successive  layers  of  clot 
are  deposited,  the  first  layci*s  adhering  more  intimately  to  the  wall,  and  with 
the  lapse  of  time  becoming  dry  from  the  contraction  of  fibrin,  and  yellowish 
from  the  destniction  of  the  blood  pigment.  Collateral  vessels  rising  from  the 
aneurysm  may  remain  permeable,  but  frecjuently  they  are  sealed  "^"ith  the  clot. 
In  the  saccular  variety  the  sac  has  at  first  the  diameter  of  the  mouth  (craterifonn 
aneurysm).  Left  to  itself  an  aneurysm  undergoes  spontaneous  cure,  or  results 
in  death  as  the  result  of  rupture  of  the  sac,  pressure  upon  important  structures, 
cerebral  embolism,  or  sepsis  from  suppuration  of  the  sac  or  gangrene  of  the  parts 
supplied  by  the  affected  artery. 

A  spontaneous  cure  is  extremely  rare.  It  may  be  clue  to  gradual  filling  of 
the  sac  with  layers  of  fibrin;  to  coagulation  of  blood  within  the  sac  the  result  of 
lodgment  of  an  embolus  above  or  below  the  mouth,  this  embolus  being  perhaps 
derived  from  the  aneurysm ;  to  the  inflammation  of  the  sac ;  or  to  nipture  and 
subsec^uent  cicatrization.  An  aneurysm  cured  by  nature  shrinks  somewhat 
and  becomes  solid  and  may  in  time  be  represented  by  a  mass  of  fibrous  tissue. 
Presei'^-ation  of  the  lumen  of  the  artery,  which  is  possible  in  the  spontaneous  cure 
of  a  saccular  aneurysm,  is  rare. 

Pereistence  of  the  aneurj^sm  without  increase  in  size,  sometimes  for  years, 
also  is  rare.  Broca  *  cites  but  fi^'e  or  six  examples.  ^lore  frequent  are  the 
cases  in  which,  although  the  aneurysm  steadily  increases  in  size,  the  deposition 
of  clot,  at  least  for  a  time,  maintains  the  cavity  at  the  same  size. 

Xormally  an  aneurysm  increases  in  size  until  the  wall  gives  way  at  its  most 
thinned  point.  This  results  in  a  secondary  or  consecutive  false  aneurysm  if  the 
environing  tissues  hmit  the  effusion,  or  in  death  from  hemorrhage  if  the  blood  is 
unrestrained.  The  walls  of  all  aneurysms  of  great  size  are  composed  of  condensed 
perivascular  tissues,  with  traces  of  the  vessel-coats  near  the  orifice  of  the  aneu- 

*  ■'  Des  anevn'smes  et  de  leur  traitement."  Paris.  1856. 
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rysra.  The  transition  of  a  true  into  a  consecutive  false  aneurysm  may  Ix'  slow 
and  insensible,  inflamed  and  thickened  connective  tissue  bcin^'  jii-adually  sub- 
stituted as  the  gap  resulting  from  the  parting  of  the  arterial  tunics  becomes 
larger,  or  it  may  occur  suddenly  with  a  marked  increase  in  the  size  of  the  tumor. 
Ordinarily,  however,  by  rupture  of  an  aneurysm  one  means  a  sudden  break  in 
its  walls,  through  which  the  blood  escapes  into  the  subcutaneous  tissues,  into 
a  normal  cavity  or  hollow  organ,  into  a  neighboring  vein  (spontaneous  arterio- 
venous aneurysm),  or  externally  through  the  skin.  The  rupture  may  follow  a 
trauma,  an  inflammatory  ulceration,  suppuration,  or  gangrene  of  the  sac  or 
its  environs.  Inflammation  of  the  sac  is  of  very  frequent  occurrence.  The 
mildest  form,  adhesive  or  plastic  in  nature,  tends  to  induce  coagulation  within 
the  sac  and  to  thicken  its  walls.  The  severer  form  may  eventuate  in  suppuration 
and  lead  to  rupture  of  the  sac.     When  the  infection  is  violent  or  the  resisting 


Fig.  90. — Popliteal  Aneurysm.     (Pennsylvania  Hospital  case.) 

powers  of  the  tissues  are  much  depressed  gangrene  of  the  sac  occasionally  occurs. 
The  severer  forms  of  inflammation  are  always  infectious  in  origin,  the  micro- 
organisms generally  reaching  the  affected  part  by  way  of  the  blood-stream. 

Symptoms.— The  symptoms  of  an  aneurysm  may  be  arranged  in  tw^o  groups: 
(1)  those  peculiar  to  the  aneurysm  itself;  and  (2)  those  due  to  pressure. 

(1)  The  intrinsic  symptoms  generally  develop  insidiously.  Even  in  the 
false  traumatic  aneurysm  the  characteristic  features  may  be  obscured  for  some 
time  by  the  coagulation  of  the  blood  which  is  first  thrown  out.  The  tumor 
corresponds  with  the  line  of  an  artery  and,  if  of  the  true  variety,  is  at  first  small, 
smooth,  well-defined,  hemispherical  or  ovoid  in  outline,  and  movable  per- 
pendicularly to,  but  not  in  the  axis  of,  the  artery.  (Fig.  90.)  At  a  later  period, 
as  pointed  out  above,  the  sac  becomes  bosselated  and  fixed  to  the  surrounding 
tissues  with  adhesions.  In  the  beginning,  when  the  contents  are  of  a  fluid 
nature  and  the  walls  thin,  the  swelling  may  fluctuate    and  be   reducible  by 
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pressure,  w  liile  in  an  ancient  aneui'vsin,  whose  walls  are  tliickened  by  inflainma- 
tion  and  whose  contents  consist  lai'^'ely  of  coaj^ulatod  hlood,  these;  H\gu>^  are 
wanting.  In  the  absence  of  adhesions  and  inflammation  the  skin  is  normal  in 
color  and  movable  over  the  swelling. 

The  ])ulsati()n  of  an  aneurysm  is  synchronous  with  the  cardiac  systole  and 
expansible  in  character, — i.e.,  the  swellin<>;  increases  in  size  in  all  directions,  so 
that  the  palpating  fingers  are  not  only  lifted  but  also  separated.  The  number 
and  amplitude  of  these  pulsations  may  be  measured  more  accurately  with  the 
sphygmograph.  In  aninuysms  close  to  the;  heart  the  tracing  may  show  three 
exj)ansions,  corresponding  to  those  of  the  aortic  pulse  waves.  (Fig.  91.)  In 
the  extremities  the  pulsation  is  ordinarily  singl(>,  but  may  be  double.  The  more 
clot  within  the  sac  and  the  thicken-  its  walls,  the  less  distinct  is  the  pulsation. 
In  old  aneurysms  pulsation  is  frequently  more  marked  at  certain  points  than  at 
others,  owing  to  the  irregularity  in  the  thickness  of  the  walls. 

The  bruit  heard  on  auscultation  is  usually  loud,  blowing,  and  harsh.     It 


Fig.  91. — Sphygmographic  Tracing  of  an  Aneurysm.     (Duplay  et  Reclus.)    An,  Curve  obtained 
from  aneurysm ;   Cce,  curve  of  normal  lieart. 

coincides  with  the  distention  of  the  aneurysm,  is  shorter  than  the  silence  which 
follows  it,  and  is  more  distinct  when  the  mouth  of  the  sac  is  small.  It  is  caused 
by  the  swirling  of  the  blood  in  the  aneurysm,  and  not  by  the  vibrations  of  the 
margins  of  the  mouth,  as  was  at  one  time  supposed.  Occasionally,  in  aneurysm 
near  the  heart,  a  second  bruit,  softer  and  more  feeble  than  the  first,  is  heard. 
According  to  Frangois-Franck,  this  second  bruit  may  result  from  a  reinforcement 
of  the  pressure  in  the  aneurysm  coincichng  with  the  second  expansion,  from 
the  return  of  the  blood  into  the  artery,  from  aortic  regurgitation,  or  from  the 
displacement  of  air  in  the  lung  consequent  upon  the  sudden  relief  of  pressure 
during  the  systole  of  the  aneurysm.  An  aneurysmal  bruit  is  best  heard  where 
the  sac  is  thinnest,  and  is  sometimes  transmitted  along  the  parent  artery. 

A  thrill  corresponding  with  the  bruit  may  occasionally  be  detected  with  the 
hand,  but  is  never  so  pronounced  as  in  an  arteriovenous  aneurysm. 

Compression  of  the  artery  above  the  aneurysm  causes  the  tumor  to  become 
smaller  and  softer  and  the  pulsations  to  cease  or  be  notably  diminished.  Com- 
pression of  the  artery  below  the  aneurysm  causes  it  to  become  larger  and  harder 
and  the  pulsation  to  become  more  prominent. 
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The  pulse  below  the  aneurysm  is  diminished  in  volume  and  retarded  in  time. 
Diminution  in  the  volume  of  the  pulse  may  be  due  to  narrowing  of  the  artery 
from  any  cause,  and  is  therefore  of  less  value  than  retardation,  which  ma\'  be 
regarded  as  pathognomonic.  The  greater  the  size  of  the  cavity  of  the  aneurysm, 
the  greater  the  distensibility  of  its  walls,  and  the  larger  the  mouth,  the  more 
pronounced  will  be  the  retardation  of  the  pulse.  When  the  retardation  is 
marked  it  may  be  readily  appreciated  by  palpation  of  the  corresponding  arterial 

segments  on  each  side  of  the  body. 
Slight  variations  may  be  graphically 
shown  by  simultaneous  pulse  trac- 
ings.    (Fig.  92.) 

(2)  The  pressure  symptoms  are 
similar  to  those  of  other  tumors. 
Pressure  on  the  artery  causes  a  dim- 
inution in  the  size  of  the  pulse  distal 
to  the  aneurysm,  and  consec|uently, 
in  some  cases,  a  compensatory  en- 
largement of  adjacent  arteries.  If 
the  aneurysm  is  sufficiently  large  to 
block,  not  only  the  main  trunk  but 
also  the  collateral  vessels,  gangrene 
occurs.  Pressure  on  the  veins  causes 
oedema  and  compensatory  dilatation 
of  the  superficial  veins.  Pressure  on 
the  nerves  causes  pain  and  perhaps 
motor,  sensory,  and  trophic  disturb- 
ances. Muscles  are  pushed  aside,  stretched,  and  atrophied,  and  bones  eroded, 
causing  severe,  constant,  boring  pains  and  occasionally  spontaneous  fracture. 
Ligaments  may  be  softened  and  cartilage  absorbed,  thus  causing  spontaneous 
dislocation.  Other  symptoms  of  compression  vary  with  the  structure  involved. 
Thus,  pressure  on  the  trachea  causes  dyspnoea,  on  the  oesophagus  dysphagia,  on 
the  recurrent  laryngeal  nerve  change  in  the  voice  and  brassy  cough,  and  per- 
haps decided  obstruction  at  the  rima  from  paralysis  or  spasm,  on  the  sympa- 
thetic nerve  dilatation  and  later  contraction  of  the  pupil,  on  the  thoracic  duct 
inanition,  on  the  phrenic  nerve  hiccough,  etc. 

In  the  rare  cases  in  which  a  spontaneous  cure  occurs  the  swelling  becomes 
harder  and  shrinks,  the  pulsations  gradually  cease,  the  bruit  disappears,  and 
in  time  the  aneurysm  is  represented  by  a  mass  of  fibrous  tissue.  Pressure 
symptoms  may  persist  and  even  be  accentuated  in  such  cases. 

Rupture  into  the  subcutaneous  tissues  is  announced  by  severe  pain,  sudden 
increase  in  the  size  of  the  swelling,  indistinctness  of  its  outline,  diminution  or 
even  disappearance  of  pulsation  and  bruit  owing  to  the  coagulation  of  the 
blood,  and  cessation  of  the  pulse  below  the  swelling.  The  general  symptoms 
are  those  of  acute  anaemia  and  shock,  and  may  be  severe  enough  to  induce  death. 
The  pressure  of  the  extravasated  blood  may  cut  off  the  entire  circulation  of  the 


Fig.  92. — Sphygmographic  Tracing  of  Artery 
on  Distal  Side  of  an  Aneurysm  Compared  with  the 
Tracing  of  the  Normal  Artery  of  the  Opposite  Side 
and  Showing  Retardation  of  the  Pulse  W^ave.  (Du- 
play  et  Reclus.)  C.N.,  Curve  obtained  from  normal 
artery  of  opposite  side;  C.An.,  curve  obtained  from 
artery  on  distal  side  of  aneurysm;  R.g.,-  curve  of 
left  radial  artery;   R.d.,  curve  of  right  radial  artery. 
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limb  and  cause  it  to  become  gangrenous,  or  it  may  result  in  inflammation  and 
sloughing  of  the  skin  with  consecjuent  death  from  hemorrhage.  When  rupture 
oceui-s  externally  through  the  skin  or  internally  into  a  large  cavity  death  may 
be  immediate  or  it  may  be  deferred  for  a  number  of  days.  In  the  fonner  event 
the  rent  is  sufficiently  large  to  pemiit  a  rapidly  fatal  hemorrhage ;  in  the  latter, 
the  blood  leaks  from  a  small  opening,  which  may  ])e  temporarily  plugged  by  a 
clot,  but  sooner  or  later  this  is  displaced  or  perforated  and  the  bleeding  recurs. 
Gairdner  reports  two  cases  in  which  rupture  through  the  skin  was  followed  by 
spontaneous  cure.  (Michaux.)  When  an  aneurysm  ruptures  internally  into 
one  of  the  cavities  or  hollow  organs  there  are  sudden  pain,  symptoms  of  acute 
anaemia,  and  death.  If  mpturc  into  the  oesophagus  or  trachea  occurs  blood 
will  pour  from  the  mouth.  Special  sjTnptoms  occur  in  certain  regions,  e.g., 
-u-ithin  the  cranium,  spinal  cord,  pericardium,  pleura,  etc. 

Inflammation  shows  itself  by  redness  of  the  overlying  skin,  oedema,  pain, 
and  increase  in  the  local  temperature.  The  outlines  of  the  tumor  become  less 
distinct,  and  suppuration  ma}^  occur  in  the  surrounding  tissues,  in  the  sac  wall, 
or  within  the  aneurysmal  ca\ity.  llceration  of  the  sac  wall  and  skin  is  followed 
h\  the  discharge  of  pus  mixed  with  clot  and  finally  fluid  blood.  If  the  inflamma- 
tion is  intense  gangrene  of  the  sac  and  overhing  skin  may  occur.  The  general 
s}inptoms  are  those  of  sepsis,  varying  T^ith  the  degree  and  character  of  the 
inflammation. 

Gangrene  of  the  parts  beyond  the  aneurysm  may  follow  subcutaneous  rupture 
of  the  sac,  owing  to  the  compression  of  the  extravasated  blood  upon  the  arter}- 
and  its  branches;  to  the  impaction  of  an  embolus  derived  from  the  anemysm: 
or  to  \iolent  inflammation,  resulting  in  thrombosis  of  the  parent  arter}'.  The 
S3Tiiptoms  of  these  affections  have  already  been  given. 

Dl^gxosis. — The  diagnosis  of  aneurysm  is  sometimes  difficult  or  even 
impossible,  as  pulsation  and  bruit  may  be  absent  owing  to  the  deposition  of 
fibrin;  and,  besides,  other  tumors  may  exhibit  these  signs.  A  cyst,  new-growth, 
or  chronic  abscess  hing  upon  an  arters^  may  be  elevated  with  each  pulsation  of  the 
vessel,  but  the  pulsation  is  not  expansile,  and  it  disappears  if  the  tiunor  is  sepa- 
rated from  the  vessel  by  the  fingers  or  by  changing  the  position  of  the  patient. 
Pressure  upon  the  artery  above  or  below  the  tumor  does  not  have  the  same  effect 
as  in  aneurysm,  and  after  remo\ing  the  proximal  compression  the  fii^st  pulsation 
is  of  full  strength,  while  in  anemysm  several  pulsations  may  be  necessarj'  to 
refiU  the  sac  and  reestablish  the  original  force  of  impact.  A  murmur  the  result 
of  narrowing  of  an  artery  by  the  pressure  of  a  tumor  ceases  when  the  latter  is 
lifted  away  from  the  vessel.  The  pulse  below  the  swelHng  may  be  diminished 
by  any  lesion  which  compresses  the  arter}',  but  is  delayed  only  by  an  aneurysm. 
This  delay  may  be  accentuated  by  compressing  the  artery  above  the  sweUing. 
On  removing  the  compression  the  pulse  is  felt  at  once  below  the  tmnor  if  it  is  not 
an  aneur}'sm,  whereas  if  it  be  an  aneur}'sm  the  cfistal  pidse  may  not  be  appreci- 
able for  a  period  of  time  equivalent  to  one,  two,  or  more  pulse-beats.  In  cysts 
and  abscesses  the  exploratory  needle  will  reveal  the  contents  of  the  swelling. 
Pulsating  mafignant  timiors  and  nae^i  may  not  lie  in  the  line  of  an  arter}'  or 
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influence  tho  pulse  below:  pressure  on  the  artery  proximal  to  the  (;i-o\vth  may 
cause  a  diminution  in  size  of  the  tumor  but  not  so  marked  as  in  aneurysm.  The 
shape  of  the  growth  may  be  irregular,  the  outline  less  distinct,  and  the  con- 
sistency more  variable;  a  bruit  may  be  present,  but  is  generally  much  less  marked 
than  that  of  an  aneurysm.  Aneurysmal  pain  has  been  mistaken  for  rheumatism, 
neuralgia,  lumbago,  and  like  affections.  In  certain  cases,  particularly  where 
the  lesion  is  located  in  the  thorax  or  the  abdomen,  the  a--ray  has  proved  of  service 
in  diagnosticating  aneurysms.  Pulsation  which  cannot  be  felt  may  sometimes 
be  seen  with  the  fluoroscope. 

Treat-Ment. — The  treatment  of  aneurysm  may  be  medical  or  surgical. 

Medical  Treatment. — ^ledical  treatment  aims  to  diminish  the  blood-pressure 
and  increase  the  coagulability  of  the  blood;  it  may  be  used  in  certain  cases  to 
assist  surgical  treatment  or  in  cases  in  which  surgical  treatment  is  not  applicable. 

The  method  of  Valsalva  was  described  in  1751  by  his  friend  Albertini.  The 
patient  was  put  in  bed  for  forty  days,  subjected  to  repeated  bleedings  and 
purgations,  and  given  a  diet  just  sufficient  to  prevent  death  from  starvation. 
Although  Broca  stated  that  he  had  read  of  thirty  cases  of  inoperable  aneurysm 
which  had  been  cured  by  this  method,  it  fell  into  disuse  for  obvious  reasons.. 

Tufnell's  treatment,  w^hich  is  founded  on  the  method  of  Valsalva,  was  really 
originated  ])y  Bellingham,  in  1852,  and  later  modified  by  Tufnell.  The  method 
consists  in  absolute  rest  in  bed  for  two  or  three  months,  in  order  to  lessen  the 
frec|uencv  and  force  of  the  heart  beats,  and  in  limiting  the  patient  to  a  small 
c^uantity  of  fluid  and  food,  to  increase  the  coagulability  of  the  blood.  Tufnell's 
dietary  is  as  follows: — "For  breakfast,  2  ounces  of  white  bread  and  butter,  with 

2  ounces  of  cocoa  or  milk.     For  dinner,  3  ounces  of  broiled  or  boiled  meat,  with 

3  ounces  of  potatoes  or  bread,  and  4  ounces  of  w^ater  or  light  claret.  For  supper, 
2  ounces  of  bread  and  butter,  and  2  ounces  of  milk  or  tea,  making  in  the  aggregate 
10  ounces  of  solids  and  8  ounces  of  fluid  food  in  the  24  hours,  and  no  more." 
Thirst,  if  tormenting,  may  be  relieved  "by  holding  a  pebble  in  the  mouth  to 
favor  the  secretion  of  saliva,  or  by  sucking  from  time  to  time  a  small  portion  of 
ice." 

Among  the  drugs  recommended  for  aneurysm  potassium  iodide  heads  the 
list,  even  in  non-syphilitic  cases.  According  to  Balfour  this  drug  lowers  the 
cardiac  and  vascular  tension,  thus  permitting  the  sac  to  contract  and  its  walls 
to  thicken.  Opium  and  the  bromides  are  used  to  control  pain,  and  laxatives 
to  prevent  the  straining  incident  to  constipation  and  to  increase  the  density  of 
the  blood.  Aconite  or  veratrum  viride,  to  cjuiet  the  circulation,  is  strongly 
recommended  by  some  physicians. 

Among  the  internal  remedies  which  have  been  given  to  increase  the  coagu- 
lability of  the  blood,  but  which  are  of  very  doubtful  value,  are  iron,  acetate  of 
lead,  galhc  acid,  tannic  acid,  calcium  chloride,  and  gelatin.  Since  Wright's 
publication  *  in  1893,  calcium  chloride,  in  doses  of  from  10  to  30  grains,  has 
been  employed  by  many  surgeons  to  increase  the  coagulability  of  the  blood, 
particularly  before  operations  on  those  suffering  with  chronic  jaundice.     A  few 

*  British  Med.  Jour.,  1893,  vol.  xi.,  p.  223. 
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cases  of  aortic  aneunsm  havo  been  reported  in  which  improvement  has  followed 
the  administration  of  this  drug. 

In  189l)  Dastrcs  and  Floresco  showed  that  gelatin,  when  introduced  into  the 
blood,  increases  the  coagulabilit}-.  In  the  following  year  Lancereaux  and 
Paulesco  *  suggested  the  subcutaneous  use  of  this  agent  for  the  treatment  of 
aneurysm.  About  200  c.c.  of  a  one  or  two  per  cent  solution  of  gelatin  in  nomial 
salt  solution  are  injected  beneath  the  skin  of  the  thigh  every  ten  days  or  two 
weeks,  until  from  ten  to  thirty  injections  have  been  given.  Sailer  f  gives  the 
following  directions  for  preparing  the  gelatin:  "Add  5  gm.  of  sodium  chloride 
and  100  gm.  of  gelatin  to  one  litre  of  distilled  water.  Bring  the  mixture  to  a 
temperature  of  80°  C,  while  stirring  until  the  gelatin  is  dissolved :  then  cool  to  40° 
C,  add  the  white  of  one  egg,  stir  for  several  mmutes,  and  boil  the  fluid.  Xext 
filter  through  paper,  place  the  solution  in  test  tubes  holding  10  c.c,  plug  each 
tube  with  cotton,  and  sterilize  in  a  sterilizer  for  fifteen  minutes  on  three  successive 
days.  When  a  tube  is  to  be  used  it  is  put  in  hot  water  until  the  gelatin  hquefies, 
when  it  is  drawn  into  a  sterile  syringe."  The  good  results  reported  b}^  Lan- 
cereaux have  not  been  obtained  in  this  country.  Moreover,  the  danger  of 
infection,  particularly  with  tetanus  bacilli,  is  so  great  as  to  contra-indicate  its 
employment,  unless  one  can  be  sure  of  the  sterility  of  the  solution.  According 
to  Dieulafoy  twenty-three  deaths  from  tetanus  have  followed  the  subcutaneous 
injection  of  gelatin  for  aneurysm.  As  gelatin  may  be  given  by  mouth  without 
destroying  its  coagulative  influence,  this  method  should  be  chosen  if  the  drug 
is  given  at  all.  Gelatin  is  irritating  to  the  kidneys:  hence  it  should  not  be  ad- 
ministered in  the  presence  of  renal  disease. 

Surgical  Treatment. — The  surgical  treatment  of  aneurysm  consists  of  (1) 
compression  of  the  artery  or  the  aneurysm;  [2)  the  temporary  or  pemianent 
introduction  of  foreign  boches  into  the  sac;   and  (3)  operative  treatment. 

(1)  Compression  of  the  sac. — Compression  of  the  sac  itself  was  first  suggested 
by  Heist er  in  1744.  Pads  and  bandages  were  so  arranged  as  to  empty  the  sac 
and  keep  it  empty.  O^ing  to  the  dangers  of  mptm-e  or  suppuration  of  the 
sac,  and  of  gangrene  of  the  limb,  the  method  has  been  abandoned. 

Forced  flexion  of  a  limb  was  recognized,  at  an  early  period  in  the  history  of 
surgery,  as  a  method  for  suppressing  its  circulati(^n.  l^ut  it  was  not  until  1S57  that 
the  method  was  employed  for  the  treatment  of  aneurysm.  In  this  year  ]\Iaunoir 
and  Hart  each  reported  a  popliteal  aneurysm  cured  by  this  procedure.  Xot 
only  is  the  circulation  in  the  Hmb  arrested,  but  direct  compression  is  made  upon 
the  sac.  Aneurysms  at  the  bend  of  the  elbow  and  in  the  popliteal  space  are  the 
only  ones  in  which  this  method  is  efficacious.  Forced  flexion  of  the  thigh  in 
inguinal  aneurysms  has  not  been  successful.  Delbet  t  states  that  forced  flexion 
is  successful  in  35.55  per  cent  of  the  cases.  He  says  further  that  the  method  is 
appHcable  only  under  certain  conditions.  The  patient  should  he  young,  should 
not  be  subject  to  rheumatism  or  gout,  and  the  articulation  should  be  normal. 

*  Bull,  de  rAcademie  de  Medecine.  1S97.  vol.  xxxA-ii..  and  1S9S,  vol.  xl. 
t  Therapeutic  Gaz..  Aug..  1901. 
I  "Traite  de  chir.,"  par  Le  Dentu  and  Delbet,  t.  iv. 
VOL.  vu.  — IS 
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The  aneurysm  should  bo  small  and  non-inflamed,  with  walls  not  too  thin,  and 
it  should  be  situated  a  little  below  the  joint.  According  to  Delbet's  statistics, 
forced  flexion  is  followed  by  rupture  of  the  sac  eight  times  more  frequently  than 
after  indirect  compression.  The  average  duration  of  the  treatment  in  successful 
cases  is  fourteen  days.  The  method  is  extremely  painful  and  is  not  infrequently 
followed  by  permanent  flexion  of  the  limb.  It  is  probable  that  very  few  modern 
surgeons  have  employed  the  method. 

Massage  of  the  sac  for  the  purpose  of  dislodging  a  portion  of  the  clot,  with 
the  hope  that  it  might  occlude  the  artery  or  the  orifice  of  the  aneurysm,  was 
first  practised  by  Sir  Wm.  Ferguson  on  two  cases  of  subclavian  aneuiysm,  one 
of  which  was  followed  by  temporary  confusion  and  giddiness,  and  the  second  by 
hemiplegia,  owing  to  cerebral  embolism.  The  method  has  deservedly  fallen 
into  complete  desuetude. 

Reid's  method  of  rapid  cure  by  compression  aims  to  hold  the  blood  in  the 
sac  until  it  coagulates.  It  was  first  used  in  1875,  for  the  treatment  of  popliteal 
aneurysm.  The  patient  is  anaesthetized  and  an  Esmarch  band  is  applied  from 
the  extremity  to  the  root  of  the  Hmb,  being  firmly  applied  to  all  parts  except  the 
aneurysm,  which  is  permitted  to  retain  a  quantity  of  blood.  A  tourniquet 
which  shuts  off  the  circulation  is  then  applied  above  the  Esmarch  band,  which 
may  or  may  not  be  removed.  The  tourniquet  remains  in  place  for  an  hour  and 
a  half,  after  which  it  is  gradually  loosened,  to  prevent  the  washing  away  of  clot. 
Gersung  suggested  that  the  treatment  be  continued  for  half  an  hour,  then 
supplemented  by  indirect  digital  compression,  then  repeated.  Delbet  gives  the 
proportion  of  cures  as  48.2  per  cent  and  calls  attention  to  the  fact  that  indirect 
digital  compression  for  a  number  of  hours,  by  which  the  method  should  be 
followed,  is  perhaps  the  more  important  factor  in  the  cure.  Since  Reid's  method 
causes  gangrene  of  the  limb  twice  as  often  as  indirect  compression,  it  should 
never  be  employed. 

Indirect  compression, — that  is,  compression  of  the  artery  between  the 
aneurysm  and  the  heart, — although  earlier  applied  in  connection  with  direct 
compression,  was  first  used  alone  for  the  treatment  of  aneurysm  by  Desault 
toward  the  end  of  the  eighteenth  century,  and  was  an  outcome  of  the  work  of 
Hunter,  who  showed  that  proximal  ligation  was  able  to  check  the  circulation  in 
the  aneurysmal  sac.  The  early  attempts  at  cure  by  this  method  were  generally 
unsuccessful,  owing  to  the  crude  manner  in  w^hich  it  was  employed,  and  it  was 
not  until  about  1825  that,  chiefly  through  the  labors  of  the  Irish  surgeons,  the 
method  obtained  a  strong  foothold  in  surgery.  In  the  early  cases  various  forms 
of  ingenious  tourniquets  and  compressors  were  used  to  obliterate  the  artery; 
hence,  ulceration  and  sloughing  of  the  skin.  Digital  compression,  although 
requiring  relays  of  assistants,  is  more  certain  and  precise  and  less  likely  to  be 
followed  by  damage  to  the  skin  or  the  vessel.  In  either  method  the  skin  should 
be  protected  by  a  piece  of  chamois,  the  point  of  pressure  should  be  shifted,  and, 
if  possible,  pressure  should  not  be  made  upon  the  main  vein  or  upon  a  nerve. 
Although  some  authorities  believe  that  the  compression  should  be  onlj^  partial, — 
i.e.,  just  sufficient  to  allow  a  small  stream  of  blood  to  enter  the  sac,  in  order  to 
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form  a  so-called  active  or  laminated  clot, — most  surgeons  agree  with  Le  Fort 
that  complete  or  total  compression  of  the  vessel  should  be  employed.  The 
compression  may  be  continuous  or  intermittent.  If  continuous,  the  pressure 
is  maintained  without  interruption  until,  by  absence  of  pulsation  and  hardening 
of  the  aneurysm,  coagulation  is  known  to  have  occurred.  If  this  does  not  take 
place  within  thirty-six  hours  the  method  should  be  abandoned,  since  the  chances 
of  cure  are  then  very  slight,  while  the  probability  of  harm  is  increased  by  further 
continuation  of  the  pressure.  Continuous  compression  is  agonizing  to  the  patient 
and  requires  the  use  of  narcotics.  Perhaps  less  efficacious  but  certainly  more 
humane  is  the  intermittent  method,  in  which  the  pressure  is  maintained  for  a 
number  of  hours  each  day.  the  patient  being  allowed  to  sleep  at  night.  By 
combining  the  statistics  of  Barwell  and  Delbet,  which  comprise  255  cases,  it 
appeai-s  that  indirect  compression  is  successful  in  about  50  per  cent.  Inflamma- 
tion and  suppuration  of  the  sac  are  possible  but  rare  accidents.  Gangrene  of 
the  limb  occm's  in  6  per  cent  of  the  cases  of  popliteal  aneuiysm.  (Delbet.) 
Berger  and  Annandale  each  report  a  case  in  which  a  second  aneuiysm  fonned  at 
the  compressed  point.  (Bougie.)  In  a  certain  proportion  of  the  so-called  cures 
recurrence  undoubtedly  takes  place  at  a  later  period.  The  most  important 
contra-indications  to  indirect  compression  are  adA'anced  atheromatous  changes 
in  the  feeding  arter}-  and  inflammation  of  the  sac. 

Instnmiental  or  digital  compression  may  be  applied  to  the  arteiy  also  at  a 
point  distal  to  the  aneuiysm,  as  an  aid  to  proximal  pressure  or  in  cases,  such  as 
aneur\'sm  of  the  root  of  the  carotid,  in  which  proximal  pressure  cannot  be  applied. 

Although  the  treatment  of  aneuiysm  by  indirect  pressure  has  many  successes 
to  its  credit,  and  is  attended  by  little  risk,  it  is  tedious,  often  painful  to  the 
patient,  and  is  almost  wholly  displaced  by  operative  methods. 

(2)  The  Introduction  of  Foreign  Bodies  into  the  Sac. — ^Acupuncture,  or  the 
introduction  of  fine  needles  in  such  a  way  that  they  will  cross  one  another  and 
whip  the  fibrin  from  the  blood,  was  employed  by  Home  in  1796;  the  needles 
were  withdra\^'n  after  several  days.  ]\Iacewen's  method  (1876)  consists  in  the 
introduction  of  a  long  needle.  A^-ith  which  the  interior  of  the  sac  is  scratched, 
with  the  hope  of  thus  infiltrating  the  waUs  with  leucoc)i;es  and  so  causing  them 
to  thicken.  Several  hours  are  consumed  in  going  over  the  interior  of  the  sac 
and  only  enough  irritation  is  produced  to  set  up  a  reparative  exudation.  ^lac- 
ewen  cured  in  this  way  an  aneuiysm  of  the  femoral  arteiy  and  one  of  the  sub- 
claAian.  Moore's  method  (1864)  consists  in  the  introduction  of  a  number  of 
yards  of  coiled  steel  A\ire  through  a  camiula:  the  wire  assumes  a  spiral  shape 
in  the  sac  and  is  allowed  to  remain  pemianently.  Silk,  horse-hau',  catgut,  and 
other  substances  have  been  used  in  a  similar  way.  Of  fourteen  aneur}-sms  of 
the  aorta  treated  by  the  Moore  method,  three  resulted  in  cure,  but  one  of  these 
died  later  from  rapture  of  the  aorta;  in  nine  cases  in  which  an  autopsy  was 
made  the  effect  of  the  vdie  in  whipping  fibrin  from  the  blood  was  clearly  demon- 
strated. 

Electrolysis  was  introduced  by  Phillips,  in  1829.  but  is  often  spoken  of  as 
the  method  of  Ciniselh.  who,  in  1856,  perfected  the  procedure.     A  platinum 
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needle  is  attaehed  to  the  posit i\-c  i)ol('  and  a  steel  needle  to  the  negative  pole, 
each  needle  being  insulated  by  vulcanite  at  the  spot  where  it  eonies  in  contact 
with  the  tissues.  The  needles  arc  plunged  into  the  sac  and  the  points  slightly 
sepai-atetl.  A  constant  current  of  from  5  to  G  rnilliamperes  is  passed  through  the 
sac  for  from  half  an  hour  to  two  hours.  According  to  Ciniselli  *  the  cases  which 
give  th(>  best  results  are  those  in  which  the  aneurysm  is  entirely  endothoracic, 
sacculated,  of  small  or  moderate  size  and  free  from  vessels  arising  out  of  the  sac, 
and  in  which  there  are  no  valvular  lesions.  Of  32  cases  fulfilling  these  conditions, 
all  were  benefited  and  a  few  apparently  cured.  Of  114  cases  collected  by 
Petit,  ()8  were  improved. f  The  possible  dangers  of  the  method  are  bleeding 
from  the  punctures,  suppuration,  inflammation,  and  embolism. 

The  Moore-Corradi  method  consists  in  the  introduction  of  wire,   as  first 


Fig.  93. 


-Aneurysm  of  the  Innominate,  quictcly  fatal  after  Wiring  and  Electrolysis.     (Pennsj-l- 
vania  Hospital  case.) 


suggested  by  Moore,  and  the  passing  of  a  galvanic  current  through  it,  this 
combination  having  first  been  employed  by  Corradi.  The  following  techniciue 
is  that  of  D.  D.  Stewart. {  Hollow  gold  needles,  with  a  calibre  slightly  larger 
than  the  wire  to  be  employed  and  insulated  with  porcelain,  are  employed.  Hunner 
uses  a  cannula  insulated  w^ith  French  lacquer;  the  ware  may  be  of  gold,  silver, 
or  platinum,  preferably  the  first-named,  drawn  to  a  28  or  39  gauge  and  tightly 
wound  on  a  spool  so  as  to  coil  after  entering  the  sac  of  the  aneurj^sm.  Iron 
wire  is  undesirable,  as  the  electrical  current  decomposes  the  iron  into  a  chloride 
and  oxide,  which  may  be  washed  from  the  sac  and  cause  trouble.  Steel  wire  is 
too  stiff  and  may  injure  the  sac.  The  amount  of  wire  to  be  used  should  be 
estimated  by  the  size  of  the  sac.  For  a  sac  3  inches  in  diameter  a  length  of 
from  3  to  5  feet  is  enough;  for  a  sac  of  4  or  5  inches,  a  length  of  from  8  to  10  feet 

*  Gazette  des  hopitaux,  1868  and  1880.  f  Allbiitt's  "System  of  Medicine,"  vol.  vi. 

t  Annals  of  Surjrerv,  1902,  vol.  xxxv..  p.  311.  - 
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may  be  employed.  If  too  much  win-  is  introcluced,  subsequent  contraction  of 
the  aneurysm  is  prevented.  A\'ith  aseptic  precautions  the  needle  is  plunged 
through  the  thinnest  portion  of  the  sac.  and  the  spurting  of  blood  is  controlled 
with  the  thumli  until  the  wire  is  jiusheil  into  the  needle.  This  must  be  done 
carefully,  the  atti-nipt  never  being  made  to  introduce  too  much  at  one  jMish. 
as  in  that  event  the  wire  kinks.     If  such  an  accident  does  occur  another  needle 


Fig.  94. — .Viieurysinof  the  Innominate  after  Wiring  and  Electrolysis:    specimen  remo\-eil  from 
the  patient  shoj\-n  in  Fig.  93.    (Pennsylvania  Hospital  case.) 

may  be  introduced  at  another  point.  Perhaps,  as  Stewart  suggests,  it  would  be 
better  regularly  to  introduce  two  needles,  so  as  better  to  distribute  the  wire. 
The  wires  from  the  various  needles  are  all  joined  to  the  positive  pole.  If  the 
negative  pole  is  connected  with  the  needle  the  clot  is  always  soft  and  friable. 
Bubbles  of  hydrogen  tend  to  accumulate  about  the  negative  needles  and  assist 
in  softening  the  clot.     The  negative  pole  should  be  attached  to  a  large,  flat 
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piece  of  clay,  which  after  being  moistened  is  placed  upon  the  back  or  abdomen. 
The  current  is  started  from  zero  and  gradually  increased  to  60  or  80  milliamperes 
in  the  course  of  a])()ut  ten  minutes.  The  current  is  maintained  at  this  point  for 
from  forty-five  minutes  to  an  hour  and  a  half,  when  it  is  gradually  decreased  to 
zero.  The  needle  is  then  withdrawn  and  the  wire  cut  off  close  to  the  skin, 
beneath  which  it  is  buried.  Blood  continues  to  leak  during  the  passage  of  the 
wire,  but,  as  soon  as  a  few  milliamperes  of  the  current  have  passed,  bleeding 
ceases  and  does  not  recur.  The  needle  puncture  is  sealed  with  collodion. 
Hunner  has  collected  23  cases  of  aneurysm  of  the  aorta  which  were  treated 
by  the  Moore-Corradi  method.  In  9,  or  39  per  cent,  the  symptoms  were  amelior- 
ated and  life  prolonged.  Four  cases  (3  thoracic  and  1  abdominal)  were  cured. 
Rosenstirn's  patient  is  well,  after  the  lapse  of  eleven  years;  one  of  Stewart's 
cases  showed  at  autopsy,  three  years  later,  a  consolidated  aneurysm;  Kerr's 
case  was  lost  sight  of  at  the  end  of  ten  months;  and  Noble's  patient  died,  at  the 
end  of  eight  months,  of  another  disease.  Death  was  probably  hastened  in  ihe 
remaining  ten  cases.  In  several  cases  the  wire  entered  the  aorta,  and  in  one 
case,  an  abdominal  aneurysm,  the  wire  reached  the  aortic  valves  of  the  heart. 
In  wiring  an  aneurysm  of  the  abdominal  aorta  the  sac  should,  of  course,  first 
be  exposed  by  laparotomy.  In  a  case  of  aneurysm  of  the  arch  of  the  aorta,  in 
which  we  assisted  Goepp  with  wiring,  there  was  a  transient  paralysis  of  the  arm 
from  embolism;  the  patient  was  markedly  improved,  however,  and  w^as  still 
living  after  nine  years.  In  another  case  (Figs.  93  and  94),  a  rapidly  growing 
aneurj'Sm  of  the  innominate  artery,  the  patient  died  a  few  days  after  operation 
from  pressure  on  the  trachea.  The  method  is  by  far  the  best  for  the  treatment 
of  sacculated  aneurysms  of  the  aorta,  particularly  in  the  thoracic  ca\aty.  It 
is,  of  course,  not  indicated  in  a  fusiform  aneurysm. 

The  injection  of  coagulating  fluids  originated  with  Monteggia.  ^Monsel's 
solution,  solutions  of  acetate  of  lead,  tannin,  and  various  other  substances,  have 
been  employed.  The  danger  of  embolism  can  be  avoided  only  when  the  arteiy 
can  be  compressed  on  each  side  of  the  sac  during  the  injection — that  is,  in  those 
cases  which  are  best  treated  by  operative  measures,  since  even  in  these  cases 
the  coagulating  fluid  is  apt  to  cause  inflammation,  suppuration,  or  gangrene  of 
the  sac. 

(3)  Operative  Treatment. — Operative  treatment  embraces  ligation,  incision, 
endoaneurysmorrhaphy,  extirpation,  vessel-grafting  or  anastomosis,  and 
amputation. 

(A)  Ligation  may  be  perfomied  in  one  of  five  ways:  Anel's,  Hunter's,  Pes- 
quin's,  Brasdor's,  and  Wardrop's  methods. 

(a)  Anel's  method  (Fig.  95,  a),  which  dates  back  to  1770,  consists  in  ligating 
the  artery  immediately  above  the  sac. 

(h)  Hunter's  operation  (Fig.  95,  6),  first  performed  in  1785,  is  ligation  above 
the  sac  but  some  distance  away  from  it — e.g.,  in  a  popliteal  aneurysm,  in  Hunter's 
canal,  in  order  to  secure  a  more  healthy  segment  of  vessel.  Scarpa  ad\'ised 
ligation  at  a  still  higher  point — e.g.,  in  a  popliteal  aneurysm,  in  Scarpa's  triangle. 
Later,  it  was  claimed  that  a  further  advantage  of  high  ligation  was  the  existence 
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of  anastomotic  branches  between  the  hpiture  and  the  sac,  wiiich  allowed  a 
small  stream  of  blood  to  course  through  the  aneurysm  and  thus  favored  the 
fomration  of  a  laminated  clot.  Although  in  some  instances  the  Anel  method 
must  be  chosen, — e.g.,  in  aneurj^sms  of  the  root  of  the  carotid,  subclavian,  and 
iliacs, — whenever  a  choice  is  possible  most  surgeons  select  the  method  of  Hunter 
when  treating  an  aneurysm  by  proximal  ligation.  Our  own  \iews  coincide  with 
those  of  Broca,  Delbet,  \Yeber,  and  Koehler,  who  favor  ligation  close  to  the 
sac.  If  the  vessel  immediately  proximal  to  the  aneurysm  is  overlaid  by  the 
sac  or  is  so  deeply  situated  as  to  render  its  exposure  a  formidable  operation, 
then,  of  course,  ligation  at  a  higher  point  is  preferable.  The  ol^jection  that 
the  nearer  one  approaches  a  spontaneous  aneurysm  the  greater  the  degenerative 
changes  in  the  vessel  is  not  a  strong  one,  since  frequently  the  vessel  is  more 
diseased  at  the  point  at  wliich  the  high  ligature  would  be  applied  than  close  to 


Fig.  95.- 


-Special  Ligations  for  Anevirysnis.   a,  Ariel's  operation;   b,  Hxinter's   operation;   c,  Bras- 
dor's  operation;   d,  Wardrop's  operation;   e,  Antylliis'  operation. 


the  aneurysm.  The  presence  of  collateral  vessels  between  the  ligature  and  the 
sac  is,  we  beheve,  a  disadvantage,  owing  to  the  danger  of  re-establislmient  of 
the  aneuiysm  if  such  vessels  are  large  and  numerous.  As  with  digital  compres- 
sion, so  with  hgation;  complete  suppression  of  the  circulation  through  the  sac 
offers  the  best  chance  of  obliterating  the  aneurysm.  In  any  event,  consolidation 
of  the  aneuiysm  is  practically  always  accompanied  by  obliteration  of  the  parent 
artery,  the  obhteration  reaching  to  the  first  collateral  below  and  as  far  as  the 
ligature  above.  Hence  the  nmnber  of  collateral  vessels  suppressed  is  greater 
the  higher  the  ligature  is  applied,  and  consequently  the  danger  of  gangrene  of 
the  liml3  is  correspondingly  increased. 

Proximal  hgation  by  the  Hunter  method  has  long  been  a  favorite  operation, 
particularly  in  slow^-growing,  moderate-sized,  non-inflamed  aneurysms.  It  is 
contra-indicated  in  the  presence  of  serious  disease  of  the  heart  or  a  coexisting 
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internal  aneurysm,  which  would  be  unfavorably  influenced  by  the  sudden  rise 
in  blood-pressure  that  follows  ligation  of  a  large  artery;  in  cases  in  which  com- 
pression of  the  feeding  artcuy  doc^s  not  materially  diminish  the  ))ulsation  of  the 
aneurysm;  in  widespread  arterial  disease;  in  threatened  gangrene;  and  in  the 
presence  of  extensive  erosion  of  bone.  As  a  rule,  return  of  pulsation  in  the  sac 
is  observed  after  a  day  or  two,  owing  to  the  development  of  a  collateral  circula- 
tion, but  in  favorable  cases  this  subsides  and  finally  disappears,  the  tumor  Idc- 
coming  smaller  and  harder.  Pulsation  beginning  a  number  of  days  after  opera- 
tion is  generally  permanent  and  will  require  some  additional  operation  to  deal 
with  the  aneurysm.  The  mortality  of  proximal  ligation,  between  1886  and  1895, 
according  to  Delbet,  was  8.33  per  cent,  having  been  more  than  twice  this  much  in 
pre-antiseptic  days.  During  the  same  period  the  percentage  of  gangrene  was 
8.25  per  cent.  These  figures  include  only  those  cases  in  which  the  gangrene 
resulted  in  amputation  or  death,  and  not  those  in  which  there  was  only  a  small 
superficial  slough.  Delbet  holds  that  a  certain  proportion  of  the  cases  of  gan- 
grene are  due,  not  to  the  sudden  interruption  of  the  blood-current  by  the  ligature, 
but  to  emboli  which  are  washed  from  the  sac  with  the  development  of  a  collateral 
circulation.  In  five  per  cent  of  the  cases  the  aneurysm  either  persists  or  recurs. 
Delbet  was  able  to  find  six  cases  in  which  a  second  aneurysm  developed  at 
the  point  of  ligation.  Secondary  hemorrhage  and  inflammation,  suppuration, 
gangrene,  and  rupture  of  the  sac  are  among  the  rarer  complications  of  ligation. 
In  some  instances  the  pressure  symptoms  persist  after  consolidation  of  the 
aneurysm,  and  indeed,  in  those  cases  in  which  the  nerves  are  enveloped  by  the 
sac,  the  sensory  and  motor  phenomena,  owing  to  contraction  of  the  sac,  may  be 
aggravated. 

(c)  Double  ligation,  I.e.,  the  application  of  a  ligature  above  and  below  the 
aneurysm,  was  employed  for  the  first  time,  in  1812,  by  Pesquin.  The  operation 
is  very  rarely  indicated.  In  those  cases  for  which  it  is  fitted — e.g.,  aneurysm 
of  the  radial  and  ulnar  arteries,  in  which  the  circulation  is  not  stopped  by  proxi- 
mal ligation, — extirpation  is  the  better  procedure. 

(d)  Brasdor's  operation  (Fig.  95,  c),  which  consists  in  ligation  of  the  artery 
immediately  below  the  sac,  was  first  performed  about  the  middle  of  the  eigh- 
teenth century.  It  is  indicated,  if  at  all,  only  when  proximal  ligation  cannot 
be  performed.  In  11  cases  of  aneurysm  of  the  root  of  the  carotid  in  which  this 
operation  was  performed  5  died,  and  3  were  said  to  have  been  cured. 

(e)  Wardrop's  operation  (Fig.  95,  d),  which  was  published  in  1828,  consists 
in  the  ligation  of  one  of  the  branches  of  the  artery  distal  to  the  sac — e.g.,  ligation 
of  the  subclavian,  in  aneurysm  of  the  innominate.  The  operation  is  rarely  if 
ever  performed  at  the  present  day. 

(5)  Incision  of  the  sac  after  the  artery  has  been  tied  immediately  above 
and  below,  was  first  performed,  in  the  third  century  after  Christ,  by  Antyllus. 

Antyllus'  Operation. — In  this  method  (Fig.  95,  e)  the  sac  is  cleared  of 
coagula,  then  packed,  and  allowed  to  heal  by  granulation.  The  method  of 
Antyllus,  until  recently,  was  the  best  operation  for  those  aneurysms  of  the 
limbs  in  which  extirpation  was  injudicious,  owing  to  widespread  and  dense 
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,1]  Ml  ration  of  the 
choice.     The  principal 


)f  course,  prolonged  and 


adhesions  hetween  the  sac  and  the  surrounding-  parts. 
sac  incision,  after  double  ligation,  is  still  the  operation  ( 
danger,  is  secondary  hemorrhage.     Convalescence  i 
infection  is  the  rule. 

(C)  Endoaneurysniorrhaph\-,  or  the  Matas  operation,  is  a  derivative  of  the 
Antyllian  operation.  It  was  first  i)erfornied  hy  Matas  in  188S.  The  procedure 
is  applicable  to  all  aneurysms  in  which  the  circulation  through  the  sac  can  be 
provisionally  controlled.  The  i)rincii)le  of  the  operation  rests  ui)on  the  fact 
that  the  aneurysmal  sac,  which  is  lined  by  more  or  less  modified  intinia,  when 
not  disturbed  from  its  vascular  connections,  is  capable  of  exhibiting  reparative 
reaction  similar  to  that  possessed  by  like  structures  elsewhere.*  The  circulation 
is  arrested  by  means  of  a  tournicjuet  or,  \\-hen 
this  is  impracticable,  by  exposure  and  com- 
pression of  the  main  artery  on  each  side  of 
the  aneurysm.  The  sac  is  then  exposed  by  a 
free  incision  parallel  with  its  long  axis.  It  is 
important  that  the  attachments  of  the  sac  to 
the  surrounding  tissues  remain  undisturbed. 
The  sac  is  then  opened  in  the  axis  of  the 
artery  from  one  extremity  to  the  other  and 
cleared  of  its  contents,  the  interior  of  the 
sac  being  gently  but  thoroughly  scrubbed  with 
gauze  in  order  to  remove  adherent  laminated 
blood  clots.  According  to  the  type  of  sac 
present  one  may  then  proceed  to  perfomi  an 
obliterative,  restorative,  or  reconstructive 
operation. 

Obliterative  endoaneurysmorrhaphy  aims 
to  obliterate  the  aneurysm  and  also  the  artery 
from  which  it  springs.  It  is  indicated,  ac- 
cording to  Matas, t  in  ''all  aneurysms  in  which 
the  sac  is  of  a  fusiforai  type,  in  which  there 
are  two  or  more  orifices  of  supply,  and  in  which 
the  parent  artery  is  entirely  lost  at  the  seat  of 
the  aneurs'sm  by  blending  with  the  aneurysmal 
sac  throughout  its  circumference."  The  edges 
of  the  sac  are  retracted  and  all  visible  orifices 
opening  into  the  sac  are  closed  with  sutures  of  silk  or,  better,  chromicized  cat- 
gut. No.  2  or  No.  3,  curved  needles  and  either  a  continuous  or  an  interrupted 
suture  being  employed.  The  sutures  should  be  about  an  eighth  of  an  inch  cpart 
and  a  firm  grip  of  the  tissues  should  be  secured,  the  needle  penetrating  at  least 
one-quarter  of  an  inch  beyond  the  margin  of  the  orifice,  then  dipping  into  the 
floor  of  the  artery,  and  finally  catching  the  opposite  margin.     (Fig.  96.)     The 

*  Matas.  in  Annals  of  Surgeiy.  1903,  vol.  x.xxvii.,  p.   161. 
t  Jour,  of  the  Amer.  Med.  Association.  Sept.  29tli,  1906. 


Fig.  96. — Shows  the  Orifices  of  the 
Aneurysmal  Sac  in  Process  of  Obliter- 
ation by  Suture.  The  first  plane  of 
sutures  may  be  made  with  fine  silk,  but 
chromicized  catgut  is  to  be  preferred. 
The  sutures  are  reapplied  very  mucli 
like  Lembert's  sutures  in  intestinal 
work ;  the  first  plane  of  sutures  should 
be  sufficient  to  secure  complete  ha^mo- 
stasis.  The  orifice  of  the  collateral 
vessel  on  the  left  upper  side  of  the  sac 
is  shown  closed  bj^  three  continuous 
sutures.  (Matas,  in  the  Annals  of  Sur- 
gcru-) 


282 


AJVIERICAN  PRACTICE   OF  SURGERY. 


constrictor  is  then  removed  and  the  interior  of  the  sac  inspected  for  bleeding 
points,  which,  if  found,  should  be  closed  by  suture.  The  sac  is  next  obliterated 
by  approximating  its  walls  as  shown  in  Figs.  97  and  98.  At  the  site  of 
the  tumor  there  will  be  a  depression,  varying  in  depth  according  to  the  original 
size  of  the  aneurysm.     No  raw  surfaces  are  left  in  view  and  drainage  is  not 

needed.  x\fter  the  dressings  have  been 
applied,  the  limb  is  wrapped  in  cotton 
and  bandaged  to  a  splint. 

Restorative  endoaneurysmorrhaphy 
is  applicable  ''to  aneurysms  of  the  sac- 
cifomi  type  in  which  the  parent  trunk 
retains  its  continuity  and  normal  outline, 
and  the  aneurysm  is  a  sac  simply  grafted 
on  the  vessel.  By  making  a  free  incision 
in  the  sac  and  washing  out  the  clot  one 
may  expose,  on  the  inside  of  the  aneu- 
rysm, the  opening  leading  to  the  artery, 
and  may  easily  close  it  by  a  continued 
suture  which  penetrates  through  all  the 
coats  of  the  sac  at  the  margin  of  the 
orifice  of  communication.  (Fig.  101.)  By 
this  procedure  the  blood-supply  of  the  sac 
is  permanently  arrested,  the  lumen  of  the 
parent  artery  remains  patulous,  and  the 
arterial  stream  supplying  the  limb,  or 
dependent  territory,  is  immediately  re- 
stored through  its  normal  channel.  The 
sac  is  then  obliterated  by  bringing  its 
endothelial  surfaces  together  with  buried 
sutures,  and  the  surface  wound  is  closed 
in  the  usual  manner."     (Fig.  102.) 

Reconstructive  aneurysmorrhaphy  is 
applicable  only  "to  fusiform  aneurysms 
in  which  the  coats  of  the  sac  are  firm, 
elastic,  and  resistant,  and  the  two  open- 
ings leading  to  the  main  artery  lie  on  the  same  level,  in  close  proximity,  and  are 
situated  at  the  bottom  of  a  superficial  or  readilj^  accessible  sac."  In  this  opera- 
tion the  continuity  of  the  parent  artery  may  be  restored  by  making  a  new 
channel  out  of  the  sac  walls,  by  suturing  two  folds  of  the  sac  over  a  rubber 
catheter  in  a  manner  similar  to  the  construction  of  the  canal  in  the  Witzel 
gastrostomy.  "As  shown  in  Fig.  103,  a  soft-rubber  catheter  or  tube,  correspond- 
ing in  diameter  to  the  size  of  the  parent  artery,  is  laid  on  the  floor  of  the  sac 
and  is  inserted  as  a  guide  in  the  two  orifices  of  communication.  Two  lateral 
folds  of  the  sac  are  now  raised  from  the  floor  on  each  side  of  the  catheter  by 
means  of  two  sets  of  sutures,  introduced  on  the  Lembert  plan.     These  ridges  or 


Fig.  97. — This  Figure  Shows  a  Second  Row 
of  Sutures — a  Teclmical  Detail  of  the  Opera- 
tion which  is  advantageous,  but  not  necessary 
in  every  case.  The  first  row  of  sutures  has 
been  completed  and  the  arterial  orifices  have 
been  obliterated.  As  the  walls  of  the  sac  are 
usually  relaxed,  it  is  easy  to  insert  a  second 
series  of  sutures  which  add  security  to  the 
first  row,  and,  in  addition,  reduce  the  size  of 
the  cavity,  which  is  to  be  obliterated  by  in- 
version of  the  skin  and  surplus  sac  walls  at  a 
later  stage  in  the  operation.  This  second 
row  of  sutures  is  applied  as  in  the  first  series, 
by  either  the  continuous  or  the  interrupted 
method,  with  a  curved  needle  and  No.  1,  2, 
or  3  chromicized  catgut.  Large  areas  of  the 
surface  of  the  sac  are  thus  brought  in  appo- 
sition, and  the  best  opportunity  is  given  for 
adhesion  by  plastic  or  exudative  endo-arter- 
itis.  If  the  floor  of  the  sac  is  rigid  or  too 
adherent  to  the  underhdng  parts,  this  second 
row  may  be  omitted,  and  the  operation  ad- 
vanced to  the  last  step — i.e.,  the  obliteration 
of  the  sac  after  suture  of  the  orifices.  (Matas, 
in  the  Annals  of  Surgery.) 
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folds  should  be  raised  high  oiiou^li  on  each  side  of  the  j^uide  to  cover  it  completely 
in  the  niidtlle  line.  A  row  of  sutures  should  now  be  placed  in  a  series  from  one 
of  the  main  orifices  to  the  oth(>r,  the  catheter  being  left  in  situ  until  all  are 
l)laced.  The  sutures  are  all  tied  except  those  in  the  centre  of  the  line  of  union, 
and  these  ai'e  not  tied  until  the  guide  has  been  removed."  The  sac  is  then 
obliterated  in  the  manner  already  de- 
scribed. 

Matas  says:  ''That  the  f(>ar  that 
atheroma  and  degenerative  changes 
will  interfere  with  the  healing  and 
repair  of  the  arterial  tunics  has  been 
greatly  exaggerated  is  shown  by  the 
abundant  experience  of  the  aseptic 
period  in  the  ligature  of  sclerotic  ar- 
teries in  continuity,  in  the  absence  of 
secondary  hemorrhage,  in  the  ampu- 
tated stumps  of  the  aged,  diabetic,  and 
other  arterially  diseased  subjects 
(Heidenhain,  Webber,  Barwell,  and 
others),  and  is  still  demonstrated  more 
fully  by  the  observations  and  statis- 
tics of  the  partisans  of  the  radical 
operation  by  extirpation  (Delbet,  Ku- 
bler,  Ransohoff,  Annandale,  and  oth- 
ers), who  have  reported  numerous 
successful  results  in  spontaneous  as 
well  as  in  traumatic  aneurysms. 

''The  fallacies  and  dangers  of  the 
old  operation  of  Antyllus  lie  (a)  in 
the  fact  that  the  preliminary  ligation 
of  the  main  artery  above  and  below 
the  sac  will  not  always  control  the 
bleeding  from  the  collaterals,  which 
often  open  into  the  aneurysm  or  into 
the  main  trunk  between  the  orifices  in  the  sac  and  at  the  seat  of  ligature. 
This  compels  a  more  or  less  extensive  dissection  of  the  sac  out  of  its  bed 
as  one  of  the  necessary  features  of  the  procedure,  in  order  to  secure  all 
the  collateral  vessels  that  empty  into  the  sac,  unless  the  uncertain  process  of 
plugging  the  opening  and  packing  the  sac  itself  is  resorted  to.  If  the  sac  is 
dissected,  as  is  usually  done  to  secure  the  collaterals,  the  difficulties  of  the 
operation  are  increased,  and  the  vitality  of  the  limb  is  endangered  by  interfering 
with  the  collateral  circulation,  which,  in  many  types  of  aneurysm,  is  most  freely 
developed  in  the  neighborhood  of  the  sac. 

"Another  serious  objection  to  the  old  Antyllian  operation,  as  usually  per- 
formed, is  that  the  sac  is  allowed  to  remain  as  an  open  cavity  in  the  bottom  of 


Fig.  98. — This  Figure  Sliows  the  Details  of 
the  Method  of  Obhteration  After  the  Floor  of  the 
Sac  has  been  Raised  by  the  Second  Row  of  Su- 
tures. Two  deep  supporting  and  obUterating 
sutures  of  chromicized  catgut  are  inserted  through 
the  floor  of  the  sac  on  each  side.  The  number  of 
these  sutures  will  vary  according  to  the  size  and 
length  of  the  sac  that  is  being  treated.  In  the 
smaller  aneurysms,  one  of  the  deep  sutures  on 
each  side  will  suffice ;  in  others,  two  or  more  on 
each  side  may  be  required  to  keep  the  surfaces  in 
close  contact.  After  the  sutures  are  passed 
through  the  floor  of  the  sac,  the  free  ends  of  the 
threads  are  carried  through  the  entire  tliickness  of 
the  flap  by  transfixion.  The  picture  shows  the 
mode  of  placing  these  sutures  on  the  left  side 
preparatory  to  transfixion  of  the  flap.  The  two 
sutures  on  the  right  side  have  been  carried  through 
a  flap  and  are  in  position.  (Matas,  in  the  Annals 
of  Surgery.) 


284 


AMERICAN   PRACTICE   OF   SURGERY. 


the  wound,  where  it  is  packed  or  drained,  and  allowed  to  heal  by  granulation. 
This  invites  infection,  suppuration,  and  its  attendant  dangers  of  secondary 
hemorrhage,  all  of  which  is  obviated  by  the  author's  method  of  endoaneurys- 
morrhaphy,  which  does  not  disturb  the  sac  from  its  vascular  connection,  and 

favors  its  prompt  obliteration. 

"The  uncertainties  and  dangers  of  extirpation  of 
the  sac  are  even  more  apparent  than  those  of  the 
Antyllus  operation,  because,  in  addition  to  the  greater 
technical  difficulties  of  extirpation,  there  is  nnich 
greater  risk  of  injury  to  the  accompanying  satellite 
veins  and  nerves  which  blend  most  intimately  with  the 
sac,  and  often  compel  the  operator  to  limit  his  inter- 
vention to  a  i)artial  extirpation,  leaving  behind  a 
considerable  portion  of  the  sac  wall  in  order  to  avoid 
injury  to  important  adherent  structures.  The  greatest 
objection  to  extirpation,  however,  lies  in  the  decided 
interfering  with  collateral  circulation  in  the  immediate 
vicinity  of  the  aneurysm,  which  entails  a  considerable 
risk  of  mortification  in  the  distal  parts.  All  these 
dangers  are  reduced  to  a  safe  minimum,  and  are 
largely  eliminated  by  simply  obliterating  the  sac  in- 
stead of  extirpating  it." 

That  the  Matas  obliterative  operation  is  superior 
to  all  other  forms  of  treatment  in  cases  in  which  it  is 
applicable  seems,  at  least  in  this  country,  to  be  gen- 
erally admitted.  Of  27  cases  in  which  this  operation 
has  been  performed  there  were  4  deaths,  at  periods 
varying  from  2  weeks  to  59  days  after  the  operation, 
2  from  uraemia,  1  from  sepsis,  and  1  following  liga- 
tion for  an  aneurysm  which  developed  at  a  point  above 
the  site  of  operation.  In  one  case  there  was  a  slight 
secondary  hemorrhage,  and  in  one  gangrene,  which 
necessitated  amputation.  There  were  no  relapses. 
The  only  possible  disadvantage,  as  compared  with  ex- 
tirpation, of  which  we  can  think,  is  that,  in  cases  in 
which  the  nerves  are  encompassed  by  inflammatory 
tissue  or  incorporated  in  the  sac  wall,  the  motor,  sen- 
sory, or  trophic  symptoms  may  not  be  relieved.  There 
is  doubt,  however,  in  the  minds  of  many  surgeons,  as  to  the  advisability  of  the 
restorative  and  reconstructive  operations.  Aside  from  secondary  hemorrhage, 
which  in  the  absence  of  sepsis  need  not  be  feared,  there  are  two  reasons  for  this 
doubt,  viz.,  thrombosis  may  take  place  at  the  seat  of  operation  and  the  aneurysm 
may  recur.  Occlusion  of  the  newly  made  vessel  by  thrombosis  has  probably  fol- 
lowed in  most  of  the  cases.  In  a  case  of  popliteal  aneurysm  in  which  we  per- 
formed the  reconstructive  operation,  the  pulse  in  the  leg,  which  had  previously 


Fig.  99. — The  Drawing 
Shows  the  Operation  Com- 
pleted. In  this  figure  only- 
two  supporting  sutures  are 
shown  on  each  side.  The  skin 
and  sac  walls  form  two  lateral 
flaps  on  each  side  of  the  in- 
cision, and  readily  fall  to  the 
bottom  of  the  sac,  thus  lining 
and  obliterating  the  entire 
cavity.  A  series  of  interrupt- 
ed, absorbable  sutures  are 
now  placed  in  such  a  manner 
as  to  bring  the  edges  of  the 
skin  in  contact,  several  of 
these  sutures  including  the 
floor  of  the  sac  in  their  bight 
(as  shown  in  cross-section  in 
Fig.  100),  and  thus  closing  the 
space  entirely  in  the  middle 
line.  The  two  lateral  support- 
ing sutures  are  tied  firml}' 
over  small  pads  or  rolls  of 
sterile  gauze,  thus  bringing  all 
the  interior  surfaces  of  the  sac 
in  apposition.  (Matas,  in  the 
Annals  of  Surgery.) 


THE   PERICARDIUM,   HEART,   AND   BLOOD-VESSELS.         285 


been  al)st'iit.  rrappcaiTd  after  the  oiuTation  and  persisted.  Although  the  first 
jnilsations  in  the  tihial  vessels  were  tine,  in  all  probability,  to  blood  flowing 
through  tlK'  repairt'd  artery,  it  i.s  likely  that  this  vessel  soon  became  occluded, 
and  that  the  i)ulse  persisted  because  of  the  development  of  a  collateral  circulation, 
aided  by  the  removal  of  the  ])ressure  whicli 
the  aneurysm  exerted  n]>on  some  of  the  col- 
lateral vessels.  A\'ith,  howe^■er,  the  applica- 
tion of  the  prineii^les  of  modern  \-essel-suture 
{i.e.,  hue  needles,  tine  threads,  close  sutures, 
and  the  minimum  of  trauma),  thrombotic  oc- 
clusion should  occur  less  frequently.  If  it 
does  occur  it  may  do  so  slowly  enouiih  to  allow 
an  efficient  collateral  circulation  to  form,  and, 
if  it  occurs  immediately,  the  same  result  would 
be  obtained  as  in  an  obliterative  endoaneurys- 
morrhaphy.  Recurrence  of  the  aneurysm  is 
the  strongest  objection  to  these  conservative 
operations,  as  it  has  occurred  t\^dce  in  seven- 
teen cases  (both  times  in  the  so-called  recon- 
structive operations).  These  figures  do  not 
include  arteriorrhaphy  for  recent  aneurysms 
following  wounds  of  healthy  arteries,  in  whicli 
there  is  no  c^uestion  as  to  the  best  treatment. 
We  group  the  restorative  and  reconstructive 
operations  together,  as  there  is  no  essential 
difference  between  them,  except  the  size  of 
the  opening  and  consec|uently  the  number  of 
sutures  applied.  As  Binnie  has  pointed  out, 
the  aneurj^sm  which  Matas  calls  fusiform  is  in 
reality  a  sacculated  aneurysm  whose  mouth  has 

extended  for  some  distance  along  one  side  of  the  artery.  In  a  true  fusiform 
aneur^'sm  the  reconstructive  operation  would  not  be  applicable.  In  the  seventeen 
cases  mentioned  above  there  were  no  deaths,  no  secondary  hemorrhages,  and  no 
cases  of  gangrene.  No  doubt,  with  improved  technique  and  larger  statistics 
recurrence  will  be  less  frequent.  A  recurrence,  of  course,  leaves  the  patient 
no  woi*se  than  he  was  before,  and  the  condition  may  be  dealt  with  by  any  of  the 
methods  applicable  to  a  primary  aneurysm.  As  gangrene  is  inevitalile  in  a 
certain  proportion  of  all  operations  interrupting  the  circulation  in  the  main 
artery  of  a  limb,  we  believe  that,  despite  the  possibihty  of  recurrence,  the  more 
conservative  operations  should  be  encouraged. 

(D)  Extirpation  as  a  treatment  for  aneurysm  was  firet  perfomied  by  Phila- 
grius,  but  is  often  called  the  method  of  Punnann,  who  reintroduced  the  opera- 
tion in  1699.  Before  the  era  of  antisepsis  extirpation  was  so  frequently  followed 
by  septic  complications  that  it  was  seldom  employed.  At  the  present  time  many 
surgeons  consider  it  the  operation  of  choice,  chiefly  as  the  result  of  the  writings 


Fig.  100. — Sectional  Diagram  Show- 
ing Metliod  of  Obliterating  the  An- 
eurysmal Sac  in  the  Fusiform  Tj-pe  of 
Aneurysm  witli  Two  Openings.  The 
diagram  shows  the  first  row  of  sutures 
(1)  whicli  obliterate  tlie  orifice  of  the 
artery  at  the  bottom  of  the  sac.  The 
second  row  of  the  sutures  is  shown 
higher  up  (2)  and  also  the  effect  of 
the  row  in  reducing  the  capacity  of  the 
sac.  The  obliteration  of  tlie  remaining 
part  of  the  cavity  by  tlie  folding  in  or 
inversion  of  tlie  sac  walls,  with  the  at- 
tached, overlying  skin,  is  shown  in  3. 
The  fimction  of  the  deep  sutures  (4) 
tied  over  gauze  pads,  and  of  the  more 
superficial  skin  sutures  (5)  in  obtaining 
firm  contact  of  the  apposed  surfaces,  is 
also  shown.  This  drawing  is  purely 
schematic  ;  it  gives  an  exaggerated  idea 
of  the  size  of  the  sac  walls,  and  is  chiefly 
intended  to  give  an  idea  of  the  posi- 
tion of  the  sutures  and  other  parts. 
(Matas,  in  the  Annals  of  Surgery.) 
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of  Delbet.  Dclbet  studies  the  operation  from  the  standpoint  of  the  mortality, 
the  chances  of  gangrene,  and  the  quality  of  the  cure.  In  1888  he  found  the 
mortality  of  ligation  18.94  per  cent  and  of  extirpation  11.32  per  cent.     The 

influence  of  antisepsis  necessitated  a  change  in  these 
figures.  In  109  cases  of  ligation  collected  between 
1886  and  1895  the  mortality  was  8.33  per  cent,  while 
in  86  cases  of  extirpation  there  was  not  a  single 
death.  Antisepsis  seems  to  have  had  much  less  in- 
fluence on  the  incidence  of  gangrene.  In  1888  the 
proportion  of  cases  of  gangrene  after  ligature  was 
7.58  per  cent,  and  in  1895  it  was  8.25  per  cent.  In 
1888  extirpation  gave  2.9-1  per  cent  of  gangrene,  and 
in  1895,  2.77  per  cent.  Extirpation  not  only  ob- 
viates the  danger  of  gangrene  from  embolism,  which 
may  occur  after  ligation,  but  also  removes  the  com- 
pression from  the  collateral  vessels  and  does  not  put 
out  of  commission  as  large  a  segment  of  vessel  as 
ligation  does.  As  to  the  equality  of  the  cure  after 
extirpation,  the  patient  who  escapes  death  and  gan- 
grene is  definitely  and  radically  cured,  while  after 
ligation  there  is  not  only  the  danger  of  recurrence, 
but  the  symptoms  of  pressure  on  the  nerves  may 
persist  if  already  present,  or,  if  not  already  present, 
they  may  be  precipitated  by  the  contraction  of  the 
sac.  In  his  original 
statistics  Delbet  gives 
12  cases  of  ligation 
in  which  the  paralytic 
or  trophic  symptoms  persisted,  and  in  2  of  these 
cases  they  were  so  grave  as  to  require  ampu- 
tation of  the  limb.  In  his  later  statistics  he 
found,  in  13  axillary  aneurysms  treated  by 
ligation,  2  in  which  the  arm  remained  powerless; 
and  in  48  popliteal  aneurysms  treated  in  the 
same  fashion  there  were  3  in  which  there  were 
impotence  and  pain,  the  latter  symptom  being 
so  severe  in  one  case  as  to  necessitate  extir- 
pation of  the  sac.  After  extirpation,  nervous 
troubles  never  begin,  and  those  which  are 
present  ordinarily  disappear. 

It  has  been  suggested  that,  before  extirpa- 
tion, the  artery  above  the  sac  be  compressed  for 
a  short  period  on  several  different  days,  in  order 
to  favor  the  development  of  a  collateral  circulation.     If  this  course  is  adopted  the 
pressure  should  be  made  as  close  to  the  sac  as  possible.     In  addition  to  the  danger 


Fig.  101. — Restorative  En- 
doaneurysmorrhajDhy.  The 
dotted  lines  indicate  the  po- 
.sition  of  uhe  main  artery  in 
relation  to  the  sac  and  to  the 
orifice  of  communication.  Tlie 
object  of  the  operation  in  tliis 
case  is  to  close  the  orifice  of 
communication  without  oblit- 
erating the  main  artery.  Tlae 
closure  of  the  orifice  with  a 
continued  suture  is  shown  in 
the  figure.  (Matas,  in  the  A71- 
nals  of  Surgery.) 


Fig.  102.— Restorative  Endoaneu- 
rysmorrhaphy.  1.  First  line  of  su- 
tures which  close  the  orifice  of  com- 
munication and  restore  the  lumen  of 
the  parent  vessel;  2,  second  row  of 
protecting  sutures  wMch  also  reduce 
the  size  of  the  sac;  3,  supporting 
through-and-through  sutures,  which 
bring  the  roof  and  the  floor  of  the 
aneurysm  in  contact ;  4,  sutures 
which  hold  the  skin  flap  and  sac  in 
contact  with  the  bottom  of  the  cavity. 
(Matas,  in  the  Annals  of  Surgery.) 
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of  injury  to  a  diseased  artery,  intemiittent  compression  predisposes  also  to  em- 
bolic gangrene;  hence  many  surgeons  ignore  this  suggestion.  The  operation  is 
undertaken  after  the  limb  has  been  exsanguinated  by  elevation  and  the  blood 
supply  controlled  l^y  a  broad  elastic  tourniquet  applied  at  the  root  of  the  limb. 
In  order  that  the  satellite  veins,  which  are  often  adherent  to  the  sac,  msiy  be  recog- 
nized before  they  are  injured,  Koehler  suggests  that  a  tourniquet  be  placed  below 
the  aneurysm,  so  that  a  certain  amount  of  blood  will  remain  in  the  limb.  If  the 
veins  cannot  be  recognized  during  the  operation,  this  lower  l^and  may  be  removed, 
when  they  will  become  distended  with  blood.  After  the  sac  has  been  isolated, 
great  care  being  taken  to  preserve  the  collateral  vessels  and  the  nerves  and  to 
tie  the  vessels  which  empty  into  the  sac,  the 
arter}^  should  be  doubly  ligated  above  and  below 
the  sac  and  close  to  it,  and  the  aneurysm  re- 
moved. In  39  cases  of  extirpation  Kubler  *  re- 
ports 9  cases  of  injury  to  the  femoral  vein.  Such 
an  accident  should  be  treated  by  lateral  suture  or 
by  anastomosis  of  the  vessel.  In  some  cases  the 
operation  may  be  facilitated  b}^  incising  the  aneu- 
rysm and  introducing  a  finger  into  it,  to  act  as  a 
guide  while  the  dissection  is  made  close  to  its 
outer  surface.  After  all  bleeding  has  been  con- 
trolled the  wound  should  be  closed  without  drain- 
age. There  are  cases  in  which,  owing  to  the  size, 
situation,  number,  and  character  of  the  adhesions, 
extirpation  is  so  formidable  that  some  other 
method  of  treatment,  either  the  operation  of 
Antyllus  or  that  of  Matas,  should  be  performed. 
(E)  Theoretically,  the  ideal  treatment  of  an- 
eurysm would  be  end-to-end  anastomosis  of  the 
two  parts  of  the  vessel  after  extirpation  of  the 
sac.  The  obstacles  to  be  overcome  in  such  an  op- 
eration, notably  in  a  spontaneous  aneurysm,  are 
obvious.  In  a  small  traumatic  aneurysm,  how- 
ever, such  a  procedure  may  be  feasible  and  advis- 
able. Whether  or  not  vessel  transplantation  will  find  a  firm  place  in  the 
treatment  of  aneurysm  can  be  decided  only  by  future  experience.  Lexer  t 
extirpated  an  axillary  aneurysm  and,  not  being  able  to  unite  the  opposite 
ends  of  the  vessel,  he  transplanted  8  cm.  of  the  internal  saphenous  vein  into 
the  arterial  defect.  The  patient  died  five  days  later  of  collapse.  The  vein 
had  united  and  was  not  thrombosed,  but  in  the  central  arterial  stump  was  a 
small  mural  thrombus  at  a  point  where  a  clamp  had  been  placed  during  the 
operation.     Goyanes,f  in  a  popHteal  aneurysm,  severed  the  popliteal  artery  and 

*  Beitraege  zur  klin.  Cliir.,  1892,  p.  159. 
t  Centralblatt  f.  Chir.,  No.  31,  Beilage,  p.  12. 
t  Siglo  medico,  Sept.  8th,  1906. 


Fig.  103. ^Reconstructive  An- 
eurysmorrhaphy.  The  principle  of 
this  operation  is  precisely  like  that 
adopted  in  a  Witzel  gastrostomy. 
The  figure  shows  the  soft-rubber 
catheter  lying  on  the  floor  of  the 
sac  and  inserted  in  the  two  orifices" 
of  communication.  The  sutures  are 
placed  wliile  the  catheter  is  in  posi- 
tion acting  as  a  guide.  (Matas,  in 
the  Annals  of  Surgery.) 
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vein  above  and  below  the  sac,  and  then  luiited  the  central  stump  of  the  artery 
with  the  peripheral  stump  of  the  vein  above  the  aneurysm,  and  the  central 
stump  of  the  vein  with  the  distal  stump  of  the  artery  below  the  aneurysm,  using 
Carrel's  technique.  The  vein  transmitted  arterial  blood  and  the  patient  recov- 
ered. Delbet,*  after  excising  an  aneurysm  of  the  femoral  artery,  attempted  to 
graft  between  the  ends  of  the  vessel  a  segment  of  a  femoral  artery  from  an 
amputated  limb.  The  sutures  tore  out  repeatedly,  owing  to  the  presence  of 
atheroma,  and  he  was  forced  to  ligate. 

(F)  Amputation  of  the  limb  was  at  one  time  considered  among  the  methods 
for  the  treatment  of  uncomplicated  aneurysm.  At  the  present  day  its  chief  in- 
dications are  gangrene,  marked  erosion  or  dissolution  of  a  joint,  certain  cases 
of  rupture,  suppuration,  and  secondary  hemorrhage,  and  a  rapidly  growing 
aneurysm  which  has  resisted  all  other  means  of  treatment.  Amputation  has 
been  performed  in  subclavian  aneurysm  to  lessen  the  quantity  of  blood  flowing 
through  the  sac. 

Arteriovenous  Aneurysm. — Arteriovenous  aneurysm  is  an  abnormal  com- 
munication between  an  artery  and  a  vein,  allowing  the  blood  to  flow  from  the 
fomier  into  the  latter. 

According  to  Scarpa,  anteriovenous  aneurysm  w^as  first  observed  by  Sennert. 
It  appears,  however,  that  Sennert,  as  well  as  others,  although  doubtless  enjoy- 
ing the  opportunity  to  see  this  affection,  believed  such  to  be  simple  arterial 
aneurysm.  To  William  Hunter  f  is  due  the  honor,  not  only  of  discovering 
arteriovenous  aneurysm,  but  also  of  detailing  its  symptoms  with  such  accuracy 
that,  even  at  the  present  day,  little  can  be  added  to  his  description. 

Etiology. — The  formation  of  a  communication  between  an  artery  and  a 
vein  may  occur  spontaneously  or  be  the  result  of  trauma.  According  to  Delbet 
scarcely  six  per  cent  of  the  cases  arise  spontaneously.  The  aorta  and  vena  cava 
are  the  vessels  most  often  involved  in  spontaneous  arteriovenous  aneurysm, 
although  the  condition  has  been  encountered  affecting  the  iliac,  femoral,  popliteal, 
and  posterior  tibial  vessels,  the  carotid  artery  and  jugular  veim,  and,  in  Rizzoli's 
case,  the  occipital  artery  and  transverse  sinus,  a  defect  of  from  7  to  10  mm.  in 
diameter  existing  in  the  skull.  Spontaneous  arteriovenous  aneurysm  is  practi- 
cally always  the  result  of  a  preexisting  arterial  aneurysm  which  becomes  adherent 
to  the  vein  and  finally  breaks  into  it.  In  Boling's  case,  in  which  no  aneurysmal 
sac  existed,  the  cause  is  given  as  an  exostosis  of  the  tibia.  Bramann  J  says  that 
Rizzoli's  case  was  one  of  cirsoid  aneurysm  which  perforated  the  cranium,  and 
that  the  congenital  cases  which  have  been  reported  are  not  arteriovenous 
aneurysms  but  cirsoid  aneurysms.  Guimaraes'  case  followed  an  abscess  at  the 
elbow. 

Traumatic  arteriovenous  aneurysm  may  follow  contusions,  but  they  are 
generally  the  result  of  wounds.  In  Bramann's  collection  of  159  arteriovenous 
aneurysms  there  are  5  which  followed  a  contusion,  all,  with  a  single  exception, 

*  Revile  de  chir.,  June,  1907,  p.  1080. 

t  "  Medical  Observations  and  Inquiries,"  1761,  p.  34. 

X  Archiv  f.  klin.  chir..  vol.  xxxiii.,  1886. 


THE   PERICARDIUM,   HEART,  AND  BLOOD-\T.SSELS.         289 

invoh-ing  the  vessels  of  the  head  and  originating  in  a  cireoid  aneurysm,  which, 
by  pressure  on  the  adjacent  vein,  leads  to  atrophy  of  its  wall  and  finally  to  a 
comnmiiication  between  the  vessels.  In  Magnus'  case,  following  a  blow  on  the 
right  eye,  an  arteriovenous  aneurysm  of  the  retina  developed. 

In  Bramann's  statistics  there  were  108  cases  in  which  the  disease  followed 
punctured  or  incised  wounds,  and  29  in  which  it  followed  gunshot  wounds.  Of 
the  former,  56  were  due  to  venesection — 3  in  the  tem])oral  region,  and  53  at  the 
elbow.  Of  the  251  cases  collected  by  Delbet,  3  involved  the  foot,  9  the  leg 
(usually  the  posterior  tibial  vessels),  22  the  popliteal  vessels,  34  the  superficial 
femoral,  26  the  common  femoral,  3  the  external  iliac,  2  the  common  iliac,  96 
the  bend  of  the  elbow  (usually  between  the  basilic  vein  and  the  brachial  artery 
as  the  result  of  venesection),  13  the  upper  brachial  or  axillary  vessels,  1  the 
sciatic  vessels,  6  the  subcla\'ian,  1  the  ascending  cer\acal,  19  the  common  carotid 
and  jugular,  2  the  internal  carotid,  3  the  external  carotid,  and  11  the  temporal. 

At  the  present  time  venesection  as  a  cause  of  arteriovenous  aneurysm  would 
be  rarely  encountered,  as  the  operation  is  seldom  perfomied.  O^ing  to  the 
fact  that  the  modern  military  bullet  generally  produces  a  narrow  sterile  wound 
which  quickl}^  heals,  gunshot  wounds  of  modern  wars  are  comparatively  often 
followed  by  arteriovenous  aneurysm.  Saigo  *  alone  observed  in  Osaka  36 
cases  of  aneurysm  due  to  gunshot  wounds  during  the  war  between  Russia  and 
Japan,  21  of  which  were  arterial  and  15  arteriovenous. 

It  is  not  our  intention  to  enter  into  a  discussion  of  pulsating  exophthalmos, 
which  although  most  often  due  to  an  abnormal  communication  between  the 
internal  carotid  and  the  cavernous  sinus,  is  generally  described  in  works  on 
ophthalmology.  De  Schweinitz  and  Holloway  t  have  collected  313  cases  of 
this  affection  and  they  give  important  references  to  the  literature. 

Pathology. — There  are  two  foniis  of  arteriovenous  aneurysm,  distinguished 
according  to  the  presence  or  absence  of  a  sac. 

In  the  form  without  a  sac  the  vessels  are  glued  together  in  the  region  of 
the  opening  of  communication  and  there  exists  a  simple  arteriovenous  fistula, 
to  which  the  name  of  aneurysmal  varix  is  given,  the  term  varix  indicating 
that  the  vein  is  dilated.  Aneurysmal  varix  in  a  pure  forai  is  rare.  It  is  neces- 
sary that  the  artery  and  the  vein  suffer  a  lateral  wound  where  they  are  in  close 
contact,  as  by  a  bullet  or  other  ^ailnerating  body  passing  between  the  vessels. 
The  extravasation  which  follows  remains  limited,  smce  the  blood  from  the 
artery  finds  it  easier  to  pass  into  the  vein  than  into  the  surrounding  tissues. 
After  a  time  the  blood-clot  is  absorbed  and  the  artery  and  vein,  at  the  point 
where  they  commimicate,  are  found  fimily  attached  to  each  other  by  fibrous 
tissue. 

^Mien  a  sac  exists  in  connection  with  an  arteriovenous  aneurysm  the  con- 
dition is  called  varicose  aneurv'sm.  Generally,  the  sac  lies  between  the  artery 
and  the  vein,  the  walls  at  first  consisting  of  coagulated  blood  and  later  of  fibrous 
tissue.     This  form  Delbet  calls  anevrysme  variqueux  enkyste  inter mediaire.     If 

*  Deutsche  Zeitschrift  f.  Chir.,  Bd.  Ixxxv..  p.  577. 
t  Trans,  of  the  Coll.  of  Phys.,  vol.  xxix. 
VOL.  VII. — 19 
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the  vein  has  been  perforated  there  may  be  a  sac  on  the  venous  wall  opposite  the 
orifice  of  communication,  or  if  the  artery  has  been  perforated  a  sac  may  be 
found  at  a  similar  point  on  the  artery.  In  the  fomier  event,  which  is  the  more 
common,  the  arteriovenous  aneurysm  is  called  encysted  venous,  and,  in  the 
latter,  encysted  arterial.  Very  rarely  there  are  two  sacs — one  intermediary 
and  the  other  on  the  vein,  as  in  Broca's  case.  An  encysted  arterial  arteriovenous 
aneurysm  with  an  intermediary  sac  has  never  been  observed.  In  Ebenau's 
case,  in  which  both  femoral  vessels  had  been  perforated,  there  was  a  sac  on  the 
artery  and  one  on  the  vein  opposite  the  fistula,  each  about  the  size  of  a  cheriy. 
Park  has  described  a  case  in  which,  after  venesection,  the  brachial  artery  com- 
municated with  the  brachial  and  median  basilic  veins.  The  brachial  vein  had 
been  perforated  and  lay  between  the  artery  and  the  median  basilic  vein,  upon 
which  a  sac  had  developed.  In  Larrey's  case,  which  involved  the  pophteal 
vessels,  and  in  Terrier's,  w^hich  developed  on  the  scalp,  the  peripheral  end  of 
the  vein  was  obliterated,  while  its  central  end,  as  well  as  both  segments  of  the 
arteiy,  opened  into  the  same  cavity.  Cadge  reported  a  case  in  which  the 
posterior  tibial  artery  communicated  with  its  vein,  after  these  had  been  sectioned 
in  an  amputation  of  the  leg.  Finally,  it  is  possible,  after  a  complete  section  of 
both  vessels,  for  each  of  the  four  ends  to  open  separately  into  the  same  cavity. 
Generally,  however,  after  both  vessels  have  been  severed  the  vein  is  compressed 
and  its  ends  are  sealed  by  the  extravasated  blood,  and  it  is  only  when  its  orifices 
are  held  open  by  branches  or  by  adhesion  to  the  surrounding  tissues  that  such 
a  condition  could  obtain. 

The  sac  of  a  varicose  aneurysm  is  at  first  usually  a  ca\dty  which  has  been 
made  in  the  clot  of  the  extravasated  blood.  Later,  the  clot  is  displaced  by 
fibrous  tissue  and  the  cavity  is  lined  by  endothelium  which  spreads  from  the 
tunica  interna  of  the  vessels.  Occasionally,  however,  the  sac  is  fomied  by 
dilatation  of  an  arterial  or  a  venous  cicatrix. 

Unlike  arterial  aneurysms  the  sac  rarely  contains  finn  clots,  owing  doubtless 
to  the  activity  of  the  circulation.  Hence  the  sac  of  a  varicose  aneurj'-sm  rarely 
attains  a  large  size  and  never  heals  spontaneously.  As  Delbet  points  out,  the 
deposition  of  clot  augments  or  obliterates  an  aneurysmal  sac.  By  diminishing 
the  capacity  of  the  sac  the  clot  raises  the  blood-pressure  in  its  interior,  and,  if 
the  resistance  of  the  walls  is  not  equal  to  the  increase  in  pressure,  the  aneurysm 
enlarges.  On  the  contrary,  if  the  resistance  of  the  walls  is  sufficiently  great, 
the  sac  may  be  filled  \\dth  clot  and  recovery  follow. 

The  artery  above  the  point  at  which  it  opens  into  the  vein  becomes  dilated 
and  often  elongated  and  tortuous.  The  reason  for  these  changes  is  said  to  be 
the  diminished  pressure  within  the  artery,  as  the  result  of  the  loss  of  blood  into 
the  vein,  whereby  the  walls  of  the  arteiy  atrophy  and  subsequently  dilate.  A 
better  explanation,  it  seems  to  us,  is  that  in  consequence  of  the  leak  a  much 
larger  quantity  of  blood  passes  through  the  artery,  which  consequently  must 
dilate  to  meet  the  demands  made  upon  it. 

Below  the  site  of  the  arteriovenous  fistula  the  walls  of  the  artery  are  gen- 
erally thinner  and  the  lumen  is  diminished,  by  reason  of  the  lessened  amount  of 
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blood  which  is  pumped  into  the  peripheral  segment  of  the  artery.  Occasionally 
the  peripheral  segment  of  the  artery  is  dilated  and  tortuous,  a  condition  seen 
most  often  on  the  scalp  and  hence  to  be  ascribed,  according  to  Bramann,  to  a 
complicating  cii'soid  aneurysm.  The  vein  into  which  the  arterial  blood  is 
propelled  dilates,  its  muscular  coat  undergoes  hypertrophy,  and  it  becomes 
elongated  and  tortuous.  The  degree  and  extent  of  this  ''arterialization"  of 
the  vein  and  its  tributaries  vary  accorcUng  to  the  size  of  the  vessels  involved, 
the  size  of  the  orifice  of  communication,  and  the  duration  of  the  abnormality. 
The  facility  \\ith.  which  the  blood  passes  from  one  vessel  into  the  other  also 
influences  the  changes  which  the  vein  undergoes.  Thus,  in  aneurysmal  varix 
the  vein  suffers  greater  alteration  than  in  varicose  aneurysm,  since  in  the  latter 
the  force  of  the  arterial  stream  is  diminished  by  reason  of  the  sac  through  which 
it  must  pass.  The  character  of  the  surrounding  tissues  likewise  influences  the 
degree  of  venous  dilatation.  In  a  case  reported  by  Burckhardt  the  temporal 
vessels  were  involved  in  the  parotid  gland,  but  the  dilatation  occurred  only 
above  the  gland.  The  time  when  the  dilatation  is  first  observed  varies  very 
widely,  depending  largely  on  the  factors  mentioned  above.  In  the  case  reported 
by  Kieser  a  varix  the  size  of  a  cherry  was  noticed  a  few  hours  after  the  injuiy, 
wliile  in  others  it  has  not  been  detected  for  months  or  years.  In  a  case  reported 
by  Monmeret  the  varicosity  did  not  make  its  appearance  until  twenty  years  after 
the  injur}'.  The  size  of  the  sac  depends  upon  the  size  of  the  opening  and,  except 
in  the  infrequent  cases  of  spontaneous  arteriovenous  aneurysm,  is  rarely  larger 
than  a  hen's  egg,  although  in  TiUaux's  case  the  tumor  was  as  large  as  a  child's 
head.  The  vein  enlarges  first,  toward  the  periphery,  as  far  as  the  first  valves, 
which  finally  }deld  as  the  result  of  the  pressure  or  become  incompetent  because 
of  the  dilatation,  when  the  same  process  is  repeated  in  the  lower  segment,  until 
finally  the  whole  vein  with  many  of  its  tributaries  is  involved.  The  vein  central 
to  the  orifice  of  commimication  Hkewise  dilates  and  undergoes  h^-pertrophy. 
OccasionaUy  the  peripheral  venous  segment  is  filled  with  clot,  either  as  the  result 
of  the  injury  or  as  the  result  of  deposition  of  fibrin  upon  the  valvular  lacerations  ■ 
following  the  forcing  of  these  structures.  Rarely,  the  central  segment  is  throm- 
bosed, either  as  the  result  of  the  injuiy  or  perhaps  as  the  result  of  compression 
apphed  for  therapeutic  purposes. 

The  blood  passes  continuously  from  the  artery  into  the  vein,  and  does  not,  as 
Breschet  thought,  enter  the  vein  with  each  cardiac  systole  and  flow  back  into  the 
artery  between  the  pulsations. 

Bramann,  in  a  case  of  axillary  arteriovenous  aneuiysm,  found  by  means  of 
a  manometer  that  the  pressure  in  the  central  end  of  the  vein  w^as  from  56  to  64 
mm.  and,  in  the  peripheral  end,  from  87  to  90  mm.,  while  the  noiTual  pressure 
in  the  brachial  vein  was  9  mm. 

The  pathological  changes  in  the  tissues  of  the  affected  region  consequent 
upon  the  circulatoiy  disturbances  will  be  described  imder  Symptoms. 

Symptoms. — In  the  beginning  the  copious  bleeding  which  follows  an  arterio- 
venous wound,  either  ceases  spontaneously  or  is  controlled  by  pressure  or  other 
means.     The  cUagnosis  of  simultaneous  injur}-  of  the  artery  and  the  vein  cannot 
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be  made  from  the  character  of  the  bleeding.  In  the  absence  of  an  external 
wound  the  extravasation  is  likely  to  he  less  extensive  than  from  a  simple  arterial 
wound,  because  the  arterial  blood  finds  its  way  into  the  vein. 

The  first  and  at  the  same  time  the  most  constant  and  most  certain  sign  of 
an  arteriovenous  aneurysm  is  a  characteristic  bruit,  which  is  sometimes  heard 
immediately  after  the  injury  and  sometimes  not  for  days,  months,  or  even 
years,  according  to  whether  the  opening  remains  patent  or  is  for  a  time  closed 
by  clot  or  by  feeble  scar  tissue  which  later  yields.  The  bruit  has  been  likened  to 
the  buzzing  of  a  bee,  the  humming  of  a  top,  the  purring  of  a  kitten,  and  the 
sound  made  by  a  bluebottle  fly  confined  in  a  thin  paper  bag.  William  Hunter 
compared  the  sound  to  "what  is  produced  in  the  mouth  by  continuing  the 
sound  of  the  letter  R  in  a  whisper."  It  is  continuous,  with  a  distinct  reinforce- 
ment at  each  cardiac  systole,  and  does  not,  as  was  thought  by  Nelaton  and 
others,  consist  of  an  even  continuous  murmur  and  a  separate  intermittent 
murmur. 

Corresponding  to  the  bruit  and  likewise  continuous,  with  a  systolic  rein- 
forcement, is  a  characteristic  thrill.  Both  thrill  and  bruit  are  most  marked 
over  the  orifice  of  communication,  upon  the  size  of  which  depends  the  intensity 
of  these  signs.  Furthermore,  with  the  development  of  the  varix,  they  are 
propagated  along  the  dilated  veins,  sometimes  for  a  considerable  distance,  but 
further  peripherally  than  centrally.  Franz,*  however,  found  in  his  experimental 
work  that  the  murmur  was  always,  and  the  thrill  generally,  more  marked  in  the 
central  venous  segment.  One  may,  according  to  Bramann,  hear  the  bruit  along 
the  entire  vein  and  even  along  its  branches  in  certain  arteriovenous  aneurysms 
of  the  brachial  vessels,  while  in  cases  in  which  the  femoral  vessels  are  involved 
the  bruit  is  seldom  heard  above  Poupart's  ligament  or  below  the  knee.  In  a 
few  instances  the  bruit  may  be  perceptible  some  distance  from  the  patient,  even 
as  far  as  two  feet  (Brenner),  and  not  infrequently,  particularly  in  arteriovenous 
aneurysms  of  the  head  and  neck,  the  continuous  purring  is  heard  by  the  patient, 
sometimes  interfering  with  sleep  and  proving  a  most  harassing  and  distressing 
symptom. 

Of  the  several  theories  which  have  been  advanced  to  explain  the  origin  of 
the  bruit  the  one  generally  accepted  at  the  present  time  is  that,  as  the  result  of 
its  sudden  propulsion  into  the  vein,  which  is  larger  in  calibre  than  the  artery 
and  in  which  the  pressure  is  much  lower,  the  blood  is  thrown  into  a  series  of 
violent  eddies.  The  thrill  depends  upon  the  transmission  of  the  vibrations  of 
this  whirling  stream  to  the  walls  of  the  vein. 

As  the  result  of  experiments  on  dogs,  Franz  found  that  the  thrill  and  bruit 
rested  upon  the  freedom  with  which  the  arterial  blood  flowed  into  the  central 
venous  segment,  and  that  the  peripheral  segment  of  the  vein  had  nothing  to 
do  with  the  origin  of  these  phenomena,  for,  after  ligation  of  the  peripheral  seg- 
ment, these  signs  continued,  and  after  ligation  of  the  central  segment  they 
became  intermittent.  He  found,  further,  that  during  forced  expiration  the 
murmur  was  intensified,  as  the  result  of  the  increase  in  the  intravenous  blood- 

*  Deutsche  Zeitschrift  f.  Chir.,  Bd.  Ixxv.,  p.  572. 
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pressure.  In  several  cases  of  varicose  aneurysm  of  the  neck  the  swelling  was 
observed  to  diminish  materially  during  deep  inspiration.  According  to  Nelaton 
elevation  of  the  affected  limb  causes  the  bruit  to  become  intermittent.  Franz 
found  this  to  be  true  in  the  perii)heral  venous  segment  but  not  in  the  proximal. 

Not  less  characteristic  than  the  bruit  and  murmur,  although  somewhat  less 
frequent,  is  venous  pulsation,  synchronous  with  the  arterial  pulse,  which  is  easy 
to  detect  in  the  superficial  veins  but  often  difficult  or  impossible  to  demonstrate 
in  the  deeper  veins.  As  pulsation  appears  the  veins  dilate  and  become  varicose. 
Both  pulsation  and  dilatation  are  most  marked  at  the  level  of  the  arteriovenous 
fistula,  and  involve  both  the  proximal  and  the  distal  portions  of  the  vein,  but 
particularly  the  latter.  In  some  cases  the  superficial  veins,  although  markedly 
dilated,  fail  to  show  pulsation.  Proximal  compression  of  the  artery,  with  very 
few  exceptions,  causes  disappearance  of  the  thrill,  murmur,  and  pulsation.  The 
same  is  true  of  compression  of  the  sac  between  the  artery  and  the  vein,  and  of 
closure  of  the  opening  in  the  artery  by  pressure  on  the  vein,  which  manipulations 
in  many  cases  increase  the  strength  of  the  pulse  in  the  peripheral  portion  of  the 
artery. 

Sphygmographic  tracings  showed,  in  Franz's  experiments,  an  anacrotic  curve 
over  the  peripheral  venous  segment  and  over  the  sac.  According  to  Marey, 
anacrotism  in  the  vein  is  due  to  the  longer  time  which  the  pulse  wave  requires 
to  distend  the  vein  fully,  and  to  the  fact  that  this  distention  lasts  longer,  owing 
to  the  lack  of  elasticity  in  the  vein.  Tracings  made  from  the  central  venous 
segment  and  from  the  peripheral  portion  of  the  artery  both  show  an  almost 
straight  line,  there  being  only  a  few  small  elevations. 

Owing  to  the  lessened  pressure  in  the  arterioles  and  the  increased  pressure 
on  the  venous  side  of  the  circulatory  apparatus  of  the  affected  region,  the  blood 
circulates  with  greater  difficulty  through  the  capillaries,  and  the  part  becomes 
oedematous  and  dark-red  or  bluish  in  color,  particularly  in  the  lowTr  extremity. 
These  congestive  phenomena  are,  of  course,  increased  when  the  part  is  de])endent 
and  lessened  when  elevated.  In  arteriovenous  aneurysm  of  the  carotid  and  ■ 
jugular,  giddiness,  headache,  attacks  of  syncope,  and  other  cerebral  symptoms 
may  occur,  particularly  when  the  patient  lies  down.  In  Stimson's  case  there 
were  blindness  and  choked  disc. 

As  a  result  of  the  slow  circulation  in  the  part  beyond  the  arteriovenous 
aneurysm  and  of  the  large  amount  of  blood  thrown  into  the  dilated  veins  under 
the  skin,  the  local  temperature  is  generally  lowered,  sometimes,  as  in  Bardeleben's 
case,  as  much  as  eight  degress.  In  the  neighborhood  of  the  communication, 
however,  the  temperature  is  often  greater  than  that  of  the  healthy  side.  Eleva- 
tion, massage,  and  active  motions,  by  lessening  the  passive  congestion,  increase 
the  temperature  of  the  part.  As  the  result  of  the  loss  of  heat  the  patient  often 
complains  of  coldness  in  the  affected  region,  which  is  more  sensitive  to  changes 
in  the  temperature  of  the  atmosphere.  Weakness,  numbness,  formication,  and 
like  sensations  are  occasionally  present,  and  the  muscles  atrophy  because  of 
disuse.  Eczema  and  ulceration  are  not  infrequent,  particularly  in  the  lower 
extremity.     Paralysis   and  anaesthesia  are  to   be  attributed  to   simultaneous 
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injury  of  the  nerve  trunks,  which  is  most  frequent  in  arteriovenous  aneurysm  of 
the  axilla,  owing  to  the  close  proximity  of  the  vessels  and  the  nerves  in  this  region. 
In  Franz's  case,  that  of  a  twelve-year-old  boy  with  an  arteriovenous  aneurysm 
of  the  femoral  vessels,  the  affected  limb  was  3  cm.  (li  in.)  longer  than  its  fellow, 
indicating  an  increased  blood-supply  to  the  epiphyses;  Cordonnier  reports  a 
similar  case;  in  Brindejonc's  case  the  leg  was  shorter  and  thinner  than  the 
sound  leg. 

Diagnosis. — The  diagnosis  is  seldom  difficult,  except  in  those  cases  in  which 
the  vessels  lie  far  below  the  surface.  If  one  can  demonstrate  the  characteristic 
thrill  and  bruit,  even  in  the  absence  of  venous  pulsation,  the  diagnosis  may  be 
made  with  certainty. 

The  murmur  of  a  simple  arterial  aneurysm  is  always  intemiittent  and  is 
generally  confined  to  the  aneurysmal  sac.  Transmission  of  the  murmur  along 
the  vessels  for  a  short  distance  is  possible,  but  never  in  a  central  direction.  A 
vascular  murmur  transmitted  toward  the  heart  is,  however,  occasionally  heard 
over  the  veins,  particularly  of  the  neck,  as  the  result  of  pressure  or  of  impoverished 
blood,  and  such  murmur  is  continuous  and  may  vary  in  intensity,  but  the 
variations  are  irregular  and  not  rhythmic,  and  the  reinforcements  correspond, 
not  with  the  cardiac  systole,  but  with  the  diastole,  or  with  inspiration.  In 
cirsoid  aneurysm  the  artery  and  its  branches  are  varicose  and  pulsation  is  every- 
where the  same  in  character.  The  murmur  is  softer  and  shows  no  systolic 
reinforcement.  The  thrill  is  weak  or  absent.  Proximal  compression  of  the 
main  feeding  artery  has  little  influence  on  the  pulsation,  thrill,  and  bruit,  which  in 
arteriovenous  aneurysm  cease,  not  only  after  such  compression,  but  also,  in 
certain  cases,  after  pressure  directly  on  the  orifice  of  communication.  Cirsoid 
aneurysm  is  most  frequent  on  the  scalp  and  hand,  where  arteriovenous  aneurysm 
seldom  occurs. 

Although  the  differential  diagnosis  between  the  two  forms  of  arteriovenous 
aneurysm  is  often  impossible  until  the  affected  vessels  are  laid  bare  by  incision, 
in  typical  cases  there  are  certain  distinctive  features.  Thus,  for  example,  the 
saccular  dilatation  opposite  the  orifice  of  communication  in  aneurysmal  varix 
is  circumscribed,  oval,  soft,  and  fluctuating,  often  movable  and  fully  reducible, 
while  the  sac  in  varicose  aneurysm  is  harder,  immobile,  more  irregular,  and  not 
completely  reducible. 

Prognosis. — ^The  prognosis  of  arteriovenous  aneurysm  depends  upon  its 
form  and  situation. 

Aneurysmal  varix  rarely  in  itself  threatens  life,  and  may  exist  for  years  in  a 
stationary  condition,  but  the  disturbances  consequent  upon  the  circulatory 
changes  are  as  great  as  in  varicose  aneurysm.  In  a  few  cases,  however,  the  vein 
becomes  so  greatly  distended  as  to  rupture. 

Varicose  aneurysm  likewise  may  exist  for  many  years  without  progression, 
but  is  apt  sooner  or  later  to  increase  in  size,  often  suddenly,  until  rupture  takes 
place,  when  the  dangers  are  the  same  as  those  of  a  purely  arterial  aneurysm 
under  the  same  conditions. 

The  phenomena  resulting  from  congestion  are  generally  most  marked  in  the 
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lower  extremity  and  least  i)ronoimced  in  the  head  and  upper  extremities. 
Int(M-f(n-enee  with  function  occurs  in  both  arm  and  leg,  Ijut  seems  more  pro- 
nounced in  the  former,  probably  owing  to  the  finer  manipulations  which  this 
part  of  the  body  is  called  upon  to  perform.  Elephantiasis,  obstinate  ulceration, 
and  varices  which  threaten  to  rupture  are  most  frequently  seen  in  the  leg. 
Arteriovenous  aneurysm  of  the  carotid  and  jugular  may  so  disturb  the  circulation 
in  the  brain  as  to  interfere  with  hearing  or  sight,  or  even  cause  death.  In 
Joret's  case  there  were  strabismus  and  intellectual  weakness,  and  later  right-sided 
hemiplegia  and  epileptiform  convulsions.  The  patient  died  at  the  end  of  two 
years  and  the  autopsy  showed  several  areas  of  softening  in  the  brain  on  the 
affected  side. 

Treatment. — Hunter  advised  expectant  treatment,  recommending  that  the 
limb  be  used  as  little  as  possible.  This  advice  is  still  sound  in  those  cases  of 
aneurysmal  varix  which  remain  stationary,  do  not  interfere  with  function,  cause 
little  inconvenience,  and  are  so  situated  as  to  make  operation  difficult  and 
dangerous.     Varicose  aneurysm  always  demands  active  treatment. 

Almost  all  the  methods  of  treatment  w^hich  have  been  used  in  the  treatment 
of  arterial  aneurysm  have  been  applied  likewise  to  arteriovenous  aneurysm,  but 
with  different  results.  The  injection  of  coagulating  fluids  and  galvano-puncture 
must  be  mentioned  to  be  condemned.  Of  four  cases  in  which  the  former  was 
used  there  were  two  successes,  and  two  followed  by  gangrene  which  necessitated 
amputation.  Of  8  cases  in  which  galvano-puncture  was  employed,  4  were  suc- 
cessful, 2  show^ed  no  improvement,  1  resulted  in  suppuration  of  the  sac,  and  1  died. 

Compression  by  the  method  of  Reid  and  by  forced  flexion  have  been  uni- 
formly unsuccessful.  Indirect  compression  is  said  to  have  been  successful  in 
tw^o  instances  only,  although  it  has  probably  been  employed  in  most  of  the 
cases  w^hich  have  later  been  subjected  to  other  forms  of  treatment. 

Direct  compression  has  been  successful  in  a  few  instances  of  recent  arteriove- 
nous aneurysm  at  the  bend  of  the  elbow,  and  in  two  cases  in  which  the  femoral 
vessels  were  involved.  The  dangers  are  suppuration  of  the  sac,  increase  in  size. 
or  rupture  of  the  aneurysm,  and  gangrene  of  the  extremity.  In  Simon's  case  of 
arteriovenous  aneurysm  of  the  aorta  and  common  iliac  vein  compression  caused 
gangrene  of  the  bowel  and  a  fatal  peritonitis.  Guattani  attempted  by  direct 
compression  of  the  sac  to  transform  a  varicose  aneurysm  into  an  aneurysmal 
varix.  Vanzetti  recommended  indirect  compression  of  the  artery  above  the 
sac  and  direct  compression  of  the  dilated  vein  at  the  level  of  the  arteriovenous 
opening.  His  idea  was  to  obliterate  the  opening  between  the  artery  and  the 
vein  and  to  transfomi  the  arteriovenous  into  a  simple  arterial  aneurysm,  which 
then  would  be  more  susceptible  to  successful  treatment  by  further  compression. 
Although  the  plan  of  converting  an  arteriovenous  into  the  more  serious  arterial 
aneurj^sm  cannot  be  regarded  as  judicious,  direct  compression  of  the  vessels  at 
the  affected  point,  with  indirect  proximal  compression  of  the  artery,  is  without 
doubt  the  most  efficacious  fonn  of  compression  in  arteriovenous  aneurysm, 
especially  in  recent  cases,  and  in  such  cases  may  be  tried,  particularly  if  there 
are  strong  contra-indications  to  operation.     Delbet  gives  the  proportion  of 
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recoveries  after  compression  as  thirty-two  per  cent,  and  concludes  that  the  best 
of  these  methods  is  so  Httle  efficacious  that  it  should  not  be  enijiloyed  unless 
one  can  do  no  better. 

Proximal  ligation  of  the  artery,  by  the  method  of  Anel  and  Hunter,  would, 
at  the  present  day,  be  indicated  only  when  direct  operative  intervention  could 
not  be  carried  out,  since,  according  to  Delbet,  it  fails  twice  as  often  (45.45  per 
cent)  as  it  succeeds  (22.5  per  cent),  determines  gangrene  in  almost  as  many  cases 
(20.45  per  cent)  as  it  cures,  and  is  followed  by  secondary  hemorrhage  in  11.37 
per  cent  of  the  cases.  Dupuytren  suggested  proximal  ligation  of  the  artery  and 
ligation  of  the  vein  above  and  below  the  arteriovenous  aneurysm,  an  operation 
which,  it  seems,  has  never  been  performed.  Stromeyer  advised  ligation  of  both 
ends  of  the  vein  alone — a  manifestly  incomplete  procedure. 

Ligation  of  the  artery  above  and  below  the  aneurysm  gives  much  better 
results  than  proximal  ligation  alone,  particularly  in  recent  cases  of  aneurysmal 
varix,  but  is  very  uncertain  when  a  sac  exists,  or  when  collateral  vessels  are 
present  between  the  ligatures. 

Quadruple  ligation — i.e.,  ligation  of  both  artery  and  vein  above  and  below 
the  aneurysm — is  the  best  of  the  ligation  methods,  but,  owing  to  the  possibility 
of  recurrence  from  the  presence  of  collateral  vessels,  would,  without  incision  of 
the  sac  or  extirpation  of  the  vessels  between  the  ligatures,  be  indicated  only 
under  exceptional  circumstances — e.g.,  in  cases  in  which  the  latter  operations 
would  prove  very  difficult  and  the  condition  of  the  patient  was  not  such  as  to 
withstand  a  prolonged  operation.  As  far  as  gangrene  is  concerned,  quadruple 
ligation,  incision,  and  extirpation  stand  on  an  equal  footing.  Of  fifty-three 
cases  in  which  these  operations  were  performed,  gangrene  followed  in  5.66 
per  cent. 

Incision  of  the  sac,  with  tamponage,  after  quadruple  ligation,  possesses  the 
same  disadvantages  as  the  operation  of  Antyllus  for  arterial  aneurysms. 

Extirpation  precludes  the  possibility  of  recurrence,  but  in  certain  cases, 
owing  to  the  situation  of  the  arteriovenous  aneurysm  or  to  the  dense  adhesions 
which  bind  it  to  the  environing  tissues,  it  is  a  formidable  operation.  Of  thirty- 
two  cases  of  extirpation  thirty-one  were  successful.  The  method  is  certainly 
to  be  chosen  when  destruction  of  the  vessels  would  cause  little  probability  of 
gangrene  or  serious  disturbances  in  the  parts  beyond — e.g.,  in  vessels  of  the 
second  class.  The  chances  of  gangrene  are  of  course  increased  if  the  arteries  are 
atheromatous,  and  an  examination  for  this  condition  should  always  be  made 
before  one  proceeds  with  the  operation. 

Angeiorrhaphy,  with  preservation  of  the  lumen  of  each  vessel,  is  the  ideal 
operation,  since  if  successful  the  circulation  remains  uninterrupted  and  gangrene 
is  prevented.  It  should  therefore  be  attempted  in  all  cases  in  which  the  major 
vessels  are  involved.  Unfortunately,  vascular  suture  is  not  always  possible;  at 
least  in  several  cases  the  surgeon  (J.  C.  Stewart,  and  also  Cranwell  *)  began  his 
operation  with  this  procedure  in  view  and,  owing  to  unforeseen  difficulties,  was 
forced  to  ligate. 

*  Rev.  de  chir.,  Dec,  1906. 
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In  1901  Lissjanski,*  in  an  arteriovenous  aneurysm  of  the  femoral  vessels, 
reseeted  the  artery  between  ligatures  and  closed  the  opening  in  the  vein  with 
sutures.  Matas  f  and  Zoee  Manteuffel  have  done  similar  operations.  Pcrug- 
niez.J  in  1990,  and  Garre,§  in  190G,  resected  the  vein  and  ai)plied  a  lateral  suture 
to  the  artery.     All  of  these  operations  were  successful. 

Murphy, II  in  1906,  was  the  fii-st  to  i)reservc  the  continuity  of  both  vessels. 
In  an  arteriovenous  aneurysm  of  the  femoral  vessels,  eighteen  days  after  a 
gunshot  wound,  he  applied  a  lateral  suture  to  the  vein  and,  after  resecting  the 
artery,  joined  the  segments  b}'"  end-to-end  anastomosis.  In  1898  Marchand 
operated  successfully  on  an  arteriovenous  aneurysm  of  the  brachial  vessels  by 
separating  the  artery  from  the  vein  and  closing  the  openings  with  lateral  sutures. 
Koerte,  ^  in  1904,  dealt  with  a  recent  arteriovenous  aneurysm  of  the  popliteal 
vessels  in  a  similar  manner  and  likewise  successfully.  Cranwell,**  in  1906,  left 
a  small  portion  of  the  sac  on  each  vessel,  thus  permitting  him  to  close  the  openings 
by  applying  a  lateral  ligature.  Lexer, ft  in  a  popliteal  arteriovenous  aneurysm, 
resected  4  cm.  of  the  artery  and  vein  and  vmited  the  ends  of  the  vessels  by  the 
Payr  method.     The  operation  was  successful, 

Bicknam  J  J  suggests  that  the  principles  of  Matas'  endoaneurysmorrhaphy 
might  be  applied  in  the  treatment  of  arteriovenous  aneurysms.  In  a  varicose 
aneurysm  he  would  incise  the  sac,  close  the  openings  in  the  artery  and  vein  with 
chromicized  catgut  sutures,  and  obliterate  the  sac  by  suturing  the  roof  to  the 
floor.  In  an  aneurysmal  varix  he  suggests  that  the  vein  might  be  incised,  the 
arteriovenous  fistula  sutured  from  within  the  vein,  and  the  incision  in  the  vein 
then  closed. 

The  varices  which  accompany  an  arteriovenous  aneurysm  generally  shrink 
considerably  after  the  abnormal  opening  between  the  artery  and  the  vein  has 
been  suppressed,  and  rarely  would  it  be  indicated  to  remove  these  dilated  veins 
at  the  time  of  the  operation  for  the  arteriovenous  aneurysm.  This  may  be 
effected  at  a  later  period  if  the  varices  persist  and  give  rise  to  trouble. 

Amputation  of  an  extremity  for  arteriovenous  aneurysm  would  be  indicated 
only  when  this  affection  results  in  gangrene  or  in  repeated  hemorrhage  the 
result  of  sepsis — in  other  words  to  save  life  when  less  drastic  measures  are 
inapplicable  or  injudicious. 

VII.   PHLEBITIS. 

Phlebitis,  or  inflammation  of  a  vein,  was  first  recognized  by  John  Hunter, 
who  demonstrated  the  fact  that  many  of  the  ill  results  following  phlebotomy 
were  due  to  this  affection.     The  condition  may  be  acute  or  chronic. 

Acute  Phlebitis. — Etiology. — All  wounds  of  veins  are  necessarily  followed 

*  Wratsch.  No.   10,  1901.  f  Jour.  Amer.  Med.  Assoc,  Nos.  2-5,  1902. 

t  Rev.  de  chir.,  Nov.,  1906,  p.  622.  §  Deutsche  Zeitschrift  f.  Chir.,  May,  1906. 

II  Med.  Record,  Jan.  16th,  1907.  H  Centralblatt  f.  Chir.,  1904,  p.  466. 

**  Rev.  de  chir.,  Dec,  1906.  ft  Centralblatt  f.  Chir.,  1907,  No.  31,  Beilage,  p.  12. 

+t  Annals  of  Surg.,  May,  1904. 
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by  phlebitis;  aseptic  phlebitis  being  nature's  method  (jf  i)ermanently  closing 
such  wounds.  Contusions  of  veins  which  injure  the  intima  likewise  are  followed 
by  inflammation.  The  best  example  of  aseptic  phlebitis  following  upon  a  rupture 
of  the  intima  is  that  which  seals  the  vessels  after  the  application  of  a  ligature. 
When  the  venous  walls  are  already  altered, — as,  for  example,  in  varix, — the 
slightest  injury  is  often  sufficient  to  start  an  inflammatory  process.  Prolonged 
pressure  by  tumors,  etc.,  induces  nutritive  changes  in  the  venous  walls  which 
are  followed  by  phlebitis  and  obliteration.  The  presence  of  a  primary  thrombus 
or  of  an  embolus  induces  inflammatory  changes  in  the  walls  which  embrace  it. 
We  have  already  mentioned,  in  the  section  on  Thrombosis,  the  rarity  of  primary 
thrombi,  and,  in  order  to  avoid  repetition,  we  shall  refer  the  reader  to  that  part 
of  the  article  for  the  various  acute  infectious  diseases  and  cachectic  states  which 
may  be  complicated  by  thrombophlebitis,  and  for  the  results  of  bacteriological 
examination  in  such  cases.  Thrombosis  following  aseptic  abdominal  operations 
has  already  been  discussed  by  us  in  the  section  on  Pulmonary  Embolism.  In 
some  of  the  instances  mentioned  above,  notably  in  the  normal  healing  of  veins 
after  sterile  wounds,  the  process  is  undoubtedly  aseptic,  but  the  vast  majority 
of  cases  showing  outward  evidences  of  phlebitis  are  due  to  infection  of  the  venous 
walls  with  pyogenic  bacteria.  (See  section  on  Thrombosis.)  That  septic  in- 
flammatory conditions  about  veins  may  spread  by  contiguity  to  the  vessel  walls 
and  induce  phlebitis  is  a  common  clinical  observation.  Bacteria  may  be  trans- 
ported to  the  vessel  walls  likewise  by  the  vasa  vasorum  or  the  Ijmiphatics,  or 
they  may  enter  directly  from  the  blood-stream.  In  the  last  instance,  as  we 
have  already  pointed  out,  the  veins  on  the  left  side  of  the  body,  particularly  at 
the  root  of  the  limbs,  are  those  most  often  affected. 

Pathology. — ^The  sharply  localized,  aseptic  inflammation  which  seals  wounds 
in  veins  is  identical  with  the  same  process  after  arterial  injuries,  which  we  have 
described  on  an  earlier  page.  This  process  of  repair  some  authors  refuse  to  call 
inflammation,  although  the  phenomena  are  the  same  and  the  difference  exists 
only  in  the  intensity  of  the  changes.  In  that  form  of  inflammation  of  a  vein  which 
is  recognized  clinically  as  phlebitis  the  phenomena  of  inflammation  are  much  the 
same  as  in  other  tissues.  Here,  however,  the  important  changes,  from  a  practical 
standpoint,  are  those  in  the  intima,  as  it  is  only  when  this  membrane  is  involved 
that  thrombosis  follows.  As  a  matter  of  fact,  the  intima  in  acute  phlebitis 
is  always  involved  and  generally  primarily,  even  when  the  infection  spreads 
from  without  inward.  This  is  because  of  its  delicate  nature,  being  the  first  to 
yield  in  contusions;  its  resemblance  to  serous  membranes,  which  possess  a 
tendency  to  exudative  inflammations;  its  situation,  being  exposed  to  the  various 
bacteria  and  toxins  which  may  circulate  in  the  blood;  and  because  the  vasa 
vasorum  terminate  immediately  beneath  it.  The  process  is,  therefore,  generally 
the  direct  result  of  changes  in  the  endothelium  consequent  upon  external  injury 
or  upon  the  action  of  toxins  circulating  in  the  blood-stream.  In  the  former  the 
intima  is  ruptured,  in  the  latter  its  cells  are  degenerated;  in  either,  the  affected 
cells  swell  and  project  into  the  lumen  of  the  vessel.  At  the  same  time  the  vasa 
vasorum  in  the  outer  coats  dilate,  and  exudation  follows,  the  walls  therefore 
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appearing  hypennnic  and  tliickoned.  Owing  to  the  roughening  of  the  intinia 
and  the  production  of  large  quantities  of  fibrin  ferment,  there  is  quickly  formed  a 
min-al  thrombus,  which  usually  increases  in  size  until  the  vessel  is  completely 
occluded.  The  manner  in  which  a  thrombus  is  formed,  the  changes  it  may  un- 
dergo, and  other  facts  relating  to  this  subject,  will  be  found  in  the  section  relating 
to  Thrombosis.  We  wish  here  to  call  attention  only  to  the  changes  in  the  venous 
walls.  The  material  exuded  into  the  vessel  wall  coagulates  and  is  subject  to  the 
same  fate  as  inflammation  lymph  elsewhere — viz.,  absorption  by  the  lymphatics, 
organization  by  fil^roblasts,  or  liquefaction  by  bacteria,  i.e.,  suppuration. 

In  the  slightest  form  all  the  inflammatory  tissue  may  ultimately  be  removed. 
"\Mien  the  process  is  more  intense  the  muscular  tissue  disappears  and  the  three 
timics  become  markedly  sclerotic.  The  most  remarkable  phenomenon  in  these 
cases  is,  according  to  Marie,*  the  vascularization  of  the  vessel-waU  during  the 
progress  of  organization  of  the  thrombus.  The  dilated  vasa  vasorum  develop 
ramifications  which  finally  travei-se  the  intima  and  the  thrombus.  At  a  later 
period,  when  the  sclerosed  tissue  contracts,  a  certain  number  of  these  vessels 
are  obliterated;  mam%  however,  persist,  and  in  some  instances  undergo  further 
dilatation  and  form  a  cavernous  plexus  which  compensates,  to  a  certain  degree, 
for  the  obHteration  of  the  principal  trunk.  Here  we  may  emphasize  the  fact 
that  the  presence  of  pyogenic  organisms  does  not  necessarily  imply  the  presence 
of  pus.  Indeed,  in  most  instances,  o-^ing  to  the  slight  ^^irulence  or  small  number 
of  invading  organisms,  to  the  bacteriohiic  power  of  the  leucoc}i:es  and  tissue 
cells,  or  to  other  causes,  the  inflammatory  tissue  undergoes  resolution  or  organiza- 
tion and  the  thrombus  is  absorbed  or  converted  into  fibrous  tissue  (exudative 
phlebitis).  When  opposite  conditions  obtain,  the  thrombus  in  whole  or  in  part 
is  liquefied  as  the  result  of  bacterial  acti^^ty  (suppurative  phlebitis). 

In  suppurative  phlebitis,  which  is  much  less  frequent  than  the  exudative 
variety  and  generally  the  result  of  a  direct  extension  of  the  inflammation  from 
the  perivenous  structures,  the  walls  are  crowded  with  leucocjies,  which  in  places 
may  form  small  abscesses.  In  some  cases  the  tissues  of  the  vein  are  destroyed 
by  ulceration,  thus  allowing  the  suppurating  thrombus  to  empty  itself  into  the 
neighboring  tissues.  Hemorrhage  is  consequently  a  possibility,  unless  those 
portions  of  the  clot  which  are  in  contact  \\-ith  the  blood  stream  remain  finn. 
Embolism  may  occur  in  either  form  of  phlebitis.  The  large,  suddenly  fatal 
emboli  are  usually  the  result  of  exudative  phlebitis,  while  suppurative  phlebitis 
more  often  Hberates  small  emboh  which  give  rise  to  secondary  abscesses. 

Sympto:^is. — The  s^miptoms  of -phlebitis  are  local  and  general. 

The  local  spnptoms  are  those  of  inflammation  and  those  due  to  occlusion  of 
the  vein  by  thrombosis.  The  general  s}-mptoms  depend  upon  toxi-emia.  The 
intensity  of  the  s^miptoms  varies  very  greatly  with  the  extent  and  nature  of  the 
phlebitis  and  the  resisting  powers  of  the  indi^ddual.  The  spnptoms,  both 
local  and  general,  may  be  absent.  Latent  phlebitis  is  common  in  the  pehdc 
veins,  and  may  occur  also  in  other  parts  of  the  body  during  the  course  of  ex- 
hausting   diseases,    particularly   tuberculosis    and    carcinoma.     This    form    of 

*Comil  et  Ramier:  ''Manuel  d'histologie  pathologique,"  t.  iii..  1907. 
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phlebitis,  which  gives  no  external  signs  of  its  existence,  is  particularly  dangerous 
because  no  precautions  are  taken  to  prevent  the  dislodgment  of  the  thnjnibus. 
We  have  already  cited  a  case  in  which,  following  operation,  signs  of  phlebitis 
did  not  appear  until  after  the  occurrence  of  embolism.  Similar  cases  have  been 
reported  by  Schwartz,  Pinard,  Quenu,  and  Vaquez;  the  last  designating  these 
c&ses"  phlebite  latente  a  debut  emholique.'"  In  other  instances  the  embolism  is 
large  enough  to  cause  speedy  death  and  prevent  the  dehut  of  the  phlebitis.  The 
severest  forms  of  phlebitis  are  those  w^hich  are  due  to  septic  wounds  and  badly 
drained,  suppurating  foci — e.g.,  middle-ear  disease  and  puerperal  infection. 
Between  these  extremes  are  found  all  grades.  In  some  cases  the  local  symptoms 
are  marked  and  the  general  symptoms  trivial.  This  statement  applies  to  many 
of  the  cases  of  femoral  phlebitis  following  aseptic  abdominal  operations.  In 
other  cases  the  general  symptoms  predominate  and  the  local  signs  are  insignifi- 
cant. Thus,  thrombosis  of  the  lateral  sinus  has  been  diagnosticated  typhoid 
fever,  pneumonia,  etc.  Only  a  small  segment  of  the  vein  may  be  involved  in  the 
inflammatory  process,  as  is  frequently  seen  in  varicose  veins  of  the  leg;  or  most 
of  the  veins,  from  the  toes  to  the  vena  cava,  may  be  implicated,  as  not  infre- 
quently happens  in  phlegmasia  alba  dolens.  Ordinarily,  phlebitis  creeps  from  its 
point  of  origin  along  the  affected  vein.  When  a  venous  radicle  is  first  involved 
progression  occurs  in  the  direction  of  the  blood-stream,  but,  when  a  vein  is 
attacked  some  distance  from  its  point  of  origin,  the  inflammation  may  spread  in 
both  directions  until  the  entire  vein  is  affected.  The  vessels  which  communicate 
with  the  affected  vein  likewise  are  frequently  invaded  by  the  inflammatory 
process.  Occasionally,  however,  cases  are  encountered  in  which  segments  of  a 
vein  are  skipped  by  the  disease.  We  recently  observed  a  case  of  this  sort  in  an 
old  lady  with  a  marked  rheumatic  predisposition.  The  process  began  in  a 
small  varicose  vein  over  the  lower  part  of  the  tibia,  in  which  region  there  had  been 
a  small  abrasion.  The  lesion  at  first  resembled  erysipelas,  but  soon  subsided, 
leaving  a  thrombosed  vein.  In  the  same  way  successive  patches,  two  or  three 
inches  in  length  and  separated  by  irregular  intervals  of  from  three  to  five  inches, 
appeared  along  the  course  of  the  internal  saphenous  vein  and  some  of  its  branches. 
Finally,  one  of  these  sections  in  the  thigh  suppurated,  necessitating  an  incision 
into  the  vein.  Schwarz  *  describes  two  cases  of  what  he  calls  phlebitis  migrans, 
in  which  segments  of  the  veins  of  both  arms  were  attacked  during  the  last  stages 
of  pulmonary  tuberculosis.  In  these  cases  no  micro-organisms  were  recovered 
and  thrombosis  did  not  follow,  sections  demonstrating  that  the  process  was 
confined  to  the  two  outer  coats.  He  could  find  only  two  other  cases  in  the 
literature,  both  of  which  gave  a  syphilitic  history.  Gouty  phlebitis,  according 
to  Paget,  often  exhibits  this  jumping  tendency.  "It  affects  the  superficial  rather 
than  the  deep  veins,  and  often  occurs  in  patches,  affecting  (for  example)  on 
one  day  a  short  piece  of  a  saphenous  vein,  and  on  the  next  day  another  piece  of 
the  same,  or  a  corresponcUng  piece  of  the  opposite  vein  or  of  a  femoral  vein.  It 
shows  herein  an  evident  disposition  toward  being  metastatic  and  symmetrical. "  f 

*  Virchow's  Archiv,  1905,  Bd.  clxxxii.,  p.  178. 
t  "Clinical  Lectures  and  Essays,"  by  Sir  James  Paget,  1875,  p.  293. 
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Successivt'  imolvi'inciit  of  veins  in  various  parts  of  the  body  points  to  some 
general  cause,  antl  is  ol)served  most  frecjuently — aside  from  its  occurrence  in 
gout  luul  rheumatism — in  chloi-osis.  and  in  cachectic  states  depending  upon 
conditions  like  cancer  and  mix  iculosis.  In  Huel's  case  of  chlorotic  thrombosis 
the  veins  in  \:irious  parts  of  the  body  were  involved  in  quick  succession  until 
only  the  jugular  and  the  right  subclavian  remained  free.  (Welch.)  Cases  of 
this  sort,  which  Erlenmeyer  terms  springencle  Thrombose,  are  peculiarly  liable  to 
recurrent  attacks. 

The  local  symptoms  in  detail  are  as  follows: — Pain  is  often  the  fii-st  symptom 
to  attract  the  patient's  attention.  It  varies  greatly  in  intensity,  according  to 
the  nature  and  seat  of  the  i)hlebitis  and  the  temperament  of  the  patient.  In  the 
lower  extremity,  the  part  most  frequently  attacked,  the  pain,  although  often 
more  or  less  generalized,  is  most  pronounced  in  the  groin,  on  the  inner  side  of 
the  thigh,  in  the  popliteal  space,  and  in  the  calf  of  the  leg — in  other  words, 
along  the  course  of  the  femoral  and  saphenous  veins.  The  pain  is  usually 
constant,  but  may  be  neuralgic  in  tj'pe,  radiating  along  the  branches  of  the 
anterior  crural  and  sciatic  nerves,  and  sometimes  along  the  lumbar  nerves,  in 
which  case  there  may  be,  but  rarely,  vesical  or  rectal  tenesmus.  No  doubt,  in 
some  cases  there  is  an  actual  neuritis,  caused  by  the  irritation  of  the  oedematous 
fluid  (Klippel),  or,  more  likely,  by  direct  extension  of  the  inflammation  from 
the  venous  radicles  in  the  nerve  trunks.  (Quenu.)  The  pain  generally  appeal's 
first  in  the  groin,  but  occasionally  toward  the  other  extremity  of  the  femoral  or 
saphenous  vein.  Even  when  the  pain  is  slight  or  absent,  tenderness  may  be 
elicited  by  pressure  over  the  affected  vein.  It  is  hardly  necessaiy  to  add  that 
such  pressure  should  he  of  the  most  gentle  kind  and  should  always  be  made 
with  the  idea  possibly  of  emliolism  in  mind.  In  phlebitis  of  the  iliac  vessels 
pain  and  tenderness  may  smiulate  intraperitoneal  affections.  We  have  on 
several  occasions,  in  the  course  of  typhoid  fever,  seen  the  onset  of  an  iliac 
phlebitis  very  closely  mimic  perforation  of  the  bowel.  Acute  phlebitis  of  the 
large  intra-abdominal  veins  {e.g.,  the  mesenteric)  usually  gives  rise  to  agonizing 
pain  which  is  generally  interpreted  as  being  due  to  some  other  cause. 

Recbess  may  possibly  be  seen  in  the  most  supei-ficial  veins,  but,  when  present, 
it  is  usually  due  to  inflammation  about  the  vessel. 

The  local  temperature  is  elevated  in  the  presence  of  a  periphlebitis,  but  in 
other  cases  no  change  may  be  appreciable;  in  the  later  stages  it  is  said  to  be 
often  lower. 

^\h.en  the  vein  is  supei-ficial  it  may  stand  out  as  a  \^sible  mound,  o\sing  to 
the  presence  of  thrombosis,  and  be  felt  as  a  hard  cord,  unless  the  thrombus  is  soft 
in  consistency.  In  many  instances  the  vein  cannot  be  palpated  owing  to  the 
perivascular  oedema. 

CEdema  quickly  follows  the  pain ;  it  is  due  to  inflammation  of  the  perivenous 
tissues  or  to  obstruction  of  the  venous  circulation,  one  or  both.  Inflammatoiy 
oedema  is  most  marked  about  the  inflamed  vein;  oedema  due  to  venous  obstruc- 
tion is  greatest  at  the  peripheral  end  of  the  involved  vein.  Thus,  in  phlegmasia 
alba  dolens  the  swefling  usuallv  begins  in  the  foot,  owing  to  the  venous  obstmc- 
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tion,  but  may  be  noticed  first  at  the  root  of  the  hmb  as  the  result  of  the  inflamma- 
tion.    The  amount   and  character  of  the   oedema   consequent  upon   venous 
obstruction  is  influenced  by  many  conditions,  and  is  not  always  in  proportion 
to  the  size  and  importance  of  the  vein  involved.     Obliteration  of  the  inferior 
vena  cava  may  be  followed  by  extensive  oedema  of  the  lower  half  of  the  body, 
by  swelling  of  one  leg  only,  or  by  no  oedema  in  either  leg.     Some  of  the  visceral 
veins  {e.g.,  the  renal  and  mesenteric),  when  suddenly  occluded,  cause  serious 
disturbances  in  the  parts  which  they  drain,  but  may  be  gradually  closed  by  a 
slowly  forming  thrombus  without  evil  consequences  following.     In  the   other 
instances,  particularly  in  the  extremities,  the  suddenness  of  occlusion  is  of  less 
importance  than  its  extent;    ligation  of  even  the  largest  vein  may  cause  little 
or  no  oedema.     The  same  apphes  to  a  limited  thrombosis.     But  when  the  clot 
extends  along  the  entire  vein  and  into  its  branches  the  collateral  circulation 
is    seriously  embarrassed   and   passive  venous    congestion  follows.     Increased 
pressure  in  the  vein  stretches  its  walls,  the  cells  of  which  suffer  from  inanition 
as  the  result  of  the  more  venous  character  of  the  blood.     This  leads  to  a  transu- 
dation of  the  serum,  which  is  greater  in  amount  when  the  composition  of  the 
blood  is  altered  by  conditions  hke  anaemia,  cachexia,  and  infective  diseases.     If 
such  serum  is  not  absorbed  by  the  lymphatics  oedema  follows.     That  something 
more  is  needed  for  the  production  of  oedema  than  the  mere  quantity  of  fluid 
leaking  from  the  blood-vessels  is  proved  by  the  rapidity  with  which  sahne  fluid 
injected  beneath  the  skin  is  absorbed.     The  lympathic  vessels  themselves,  which 
are  closely  related  to  the  veins,  may  be  inflamed  or  pressed  upon  by  inflam- 
matory exudate.     It  is  not  at  all  unusual,  in  phlegmasia,  to  find  the  inguinal 
lymph  nodes  enlarged  and  tender.     The  activity  of  absorption  depends  also 
on  the  composition  of  the  fluid.     "The  larger  the  amount  of  proteid  material 
the  more  difficult  the  absorption;   watery  solutions  of  crystalloids  are  absorbed 
with  a  rapidity  proportionate  to  their  dilution."*    Thus,  the  exuded  fluid  of 
inflammation,  owing  to  the  greater  amount  of  proteid  which  it  contains  and 
its  higher  specific  gravity,  is  absorbed  much  more  slowly  than  the  fluid  escaping 
as  the  result  of  mere  venous  congestion.     The  oedema  is  soft  and  pits  deeply  on 
pressure  when  due  to  venous  obstruction  only;    it  is  firmer  when  caused  by 
inflammation;  and  it  is  almost  solid  when  due  to  obstruction  of  the  lymphatics 
alone.    The  character  of  the  oedema,  therefore,  varies  according  to  which  of 
these  factors  predominates.     The  color  of  the  skin  also  varies,  being  white  in 
lymphatic  oedema,  more  or  less  cyanotic  in  pure  venous  obstruction,  and  of  a 
^ose  tint  when  the  perivascular  tissues  are  inflamed.     Occasionally,  in  phlebitis 
of  the  lower  limb,  the  oedema  is  soft  and  white  in  the  foot  and  more  elastic  and 
of  a  redder  hue  at  the  root  of  the  limb.     Some  authors  lay  great  stress  upon  the 
influence  of  the  nervous  system  in  the  production  of  oedema.     After  ligation  of 
the  vena  cava  Ranvier  found  that,  if  the  sciatic  nerve  in  one  limb  is  divided, 
oedema  occurs  in  that  limb  only.     Lazarus-Barlow  t  states  that  during  passive 
congestion  the  tissues  are  deprived  of  nutriment  and  the  waste  products  are 
not  removed.     This  starvation  of  the  tissues  leads  to  arterial  congestion  and 

*Haward,  in  Lancet,  March  10th,  1906.  f  "Manual  of  Pathology,"  1904. 
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outpouring  of  lymph,  which,  when  in  excess  of  that  which  can  be  absorbed, 
leads  to  oedema.  The  fluid  which  leaves  the  blood-vessels  may  accumulate,  not 
only  in  the  interstices  of  the  tissues,  but  also  in  the  cavities  of  the  body — as,  for 
example,  ascites  from  obstruction  to  the  portal  vein,  and  effusion  into  the  knee- 
joint  in  phlegmasia  alba  dolens.  In  some  situations,  notably  in  the  intestine, 
the  spleen,  and  the  brain,  and  in  other  viscera,  sudden  occlusion  of  the  veins  is 
followed  by  hemorrhages,  but,  in  peripheral  venous  thrombosis,  although  the 
escape  of  a  few  red  cells  is  not  uncommon,  actual  extravasation  of  blood  is 
extremely  rare. 

When  a  vein  is  occluded  its  work  must,  of  course,  be  carried  on  by  its  neigh- 
bors, which  dilate  to  carry  the  additional  volume  of  blood.  Such  enlarged 
collaterals,  when  superficial,  constitute  an  important  sign  of  obstruction  to  the 
deeper  veins.  In  the  lower  extremity  they  are  usually  most  marked  below  the 
knee  and  in  the  popliteal  space,  but  it  is  in  thrombosis  of  the  inferior  vena  cava 
that  the  anastomotic  circulation  is  most  strikingly  developed,  the  veins  emanating 
from  the  saphenous  opening  and  coursing  up  over  the  abdominal  wall  some- 
times being  as  large  as  a  finger. 

The  remaining  symptoms  of  venous  occlusion  are  referable  mainly  to  dis- 
turbances of  special  functions  and  vary  with  the  region  involved.  Throm- 
bophlebitis of  the  lateral  sinus  may,  by  pressure  in  the  jugular  foramen,  cause 
paralysis  of  the  pneumogastric,  glossopharyngeal,  and  spinal  accessory  nerves. 
Epistaxis  may  be  caused  by  thrombosis  of  the  superior  longitudinal  sinus. 
Exophthalmos  and  oedema  of  the  orbit,  and  pressure  on  the  branches  of  the 
fifth  and  sixth  cranial  nerves,  may  be  caused  by  thrombosis  of  the  cavernous 
sinus.  In  addition  to  oedema  and  cyanosis  of  the  upper  half  of  the  body,  and 
dilatation  of  the  veins  over  the  thorax  and  abdomen,  thrombosis  of  the  superior 
vena  cava  may  cause  epistaxis,  headache,  vertigo,  tinnitus  auriimi,  epiphora, 
and  exophthalmos.  Thrombosis  of  the  portal  vein  may  cause  haematemesis, 
enterorrhagia,  enlargement  of  the  spleen,  ascites,  progressive  marasmus,  and 
sometimes  hemorrhagic  infarction  of  the  intestine.  Thrombosis  of  the  splenic 
vein  may  be  followed  by  hemorrhagic  infarction  and  necrosis,  or,  o'^ing  to  a 
vigorous  collateral  circulation,  the  spleen  may  be  simply  enlarged  from  passive 
congestion.  Thrombosis  of  the  renal  veins  may  cause  hemorrhagic  infarction, 
hsematuria,  and  albuminuria,  but  in  many  instances  the  collateral  circulation  is 
established  and  no  symptoms  are  observed  duiing  life.  Thrombosis  of  the 
mesenteric  veins  gives  symptoms  identical  with  those  of  occlusion  of  the  mesen- 
teric arteries — i.e.,  sudden  intense  pain,  constipation  or  bloody  diarrhoea,  vom- 
iting, which  may  be  fecal  or  bloody,  subnomial  temperature,  rapid  pulse, 
meteorism,  and  rigidity  of  the  abdominal  muscles. 

The  viscera  being  left  out  of  consideration  it  may  be  stated  that  gangrene 
from  thrombosis  alone  is  extremely  rare;  indeed,  many  authors  believe  that  it 
does  not  occur  in  the  extremities  in  uncomplicated  thrombosis.  Cases  have  been 
reported,  however,  in  which  no  other  cause  than  venous  thrombosis  could  be  found 
for  the  gangrene,  and,  with  a  thrombosis  sufficiently  extensive  to  involve  all  the 
veins  of  a  limb,  it  is  not  very  difficult  to  understand  how  such  might  occur. 
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We  have  mentioned  above  the  possibihty  of  neuritis  accompanying  phlebitis 
of  the  extremities,  and  this  may  account  for  certain  symptoms  arising  during 
the  course  of  the  disease  and  for  some  of  the  sequeke.  There  may  be  motor, 
sensory,  and  trophic  disturbances.  The  impotence  of  the  involved  extremity  is 
often  out  of  all  proportion  to  the  amount  of  pain  and  swelling,  and  may  persist 
after  the  acute  symptoms  have  subsided.  Atrophy  of  groups  of  muscles  is 
occasionally  seen,  particularly  in  the  phlebitic  club-foot  which  assumes  the 
form  of  equinus  or  equinovarus,  with  the  toes  flexed  and  rigid.  In  this  de- 
formity the  posterior  muscles  of  the  leg  are  wasted  and  contracted.  Verneuil  * 
reported  a  case  in  which  the  deformity  appeared  three  weeks  after  the  beginning 
of  a  puerperal  phlebitis.  Muscular  hypertrophy  also  is  occasionally  observed. 
Besides  the  neuralgic  pains  to  which  we  have  already  called  attention,  sensory 
disturbances  may  manifest  themselves  in  the  form  of  anaesthesia  or  hypersesthesia 
of  varying  degree  and  extent.  Implication  of  the  trophic  nerves  may  be  partly 
responsible  for  the  oedema  during  the  acute  stage,  and  in  certain  cases  it  may 
be  wholly  responsible  for  the  persisting  oedema  following  phlebitis.  Other 
sequelae,  in  the  causation  of  which  the  trophic  nerves  may  be  more  or  less 
concerned,  are  elephantiasis,  ulcers,  purpura,  herpes,  and  other  eruptions. 
Varicose  veins  may,  of  course,  be  directly  traceable  to  the  venous  obstruction. 
Haward  states  that,  after  phlegmasia  alba  dolens,  not  only  the  cellular  tissue 
may  be  increased  in  quantity,  but  the  bones  also  may  be  enlarged  from  the  de- 
velopment of  the  subperiosteal  connective  tissue. 

In  enumerating  the  foregoing  symptoms  we  have  had  in  mind  that  form  of 
phlebitis  in  which  the  vessel  is  occluded  by  an  organizing  clot — i.e.,  exudative 
phlebitis.  To  these  symptoms  must  be  added  those  of  suppuration  when  the 
thrombus  is  liquefied  by  the  action  of  pyogenic  bacteria.  In  such  cases — i.e., 
in  suppurative  phlebitis — the  external  wound,  when  such  exists,  may  give  rise 
to  a  thin  pus  and  be  surrounded  by  a  spreading  cellulitis,  or  it  may  be  dry  and 
only  slightly  inflamed.  In  either  event  red  lines  of  lymphangitis  may  be  seen 
running  to  the  nearest  lymph  nodes,  which  are  swollen  and  tender  or  even 
suppurating.  In  these  cases  the  thrombus  is  softened  and  is  either  washed 
away  as  emboli  (pyaemia),  or  forms  a  localized  abscess,  which,  after  being  opened, 
discharges  a  thick,  creamy  pus,  or  a  mixture  of  pus  and  blood.  If  that  portion 
of  the  thrombus  which  lies  next  to  the  circulating  blood  is  not  hard  and  firmly 
adherent,  secondary  hemorrhage  may  follow.  In  some  instances  a  number  of 
abscesses  form  along  the  course  of  the  vein  at  varying  intervals,  the  thrombus 
between  remaining  solid. 

The  general  symptoms,  when  present,  are  those  of  septic  intoxication, 
septicaemia,  or  pyaemia.  Fever  is  generally  in  evidence  when  the  surgeon's 
attention  is  called  to  the  phlebitis  and  sometimes  for  several  days  before  external 
manifestations  of  the  disease  are  apparent.  In  the  milder  fomis  the  rise  of 
temperature  is  not  over  a  degree  or  two,  and  falls  in  the  course  of  a  few  hours  or 
days  to  normal.  Occasionally  the  fever  is  intermittent,  the  rises  corresponding 
to  the  invasion  of  successive  segments  of  the  vein  or  additional  veins.     Suppura- 

*  Comptes  rendus  de  I'Acad.  des  Sc,  March  31st,  1890. 
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tive  phlebitis  is  frequently  inaugurated  by  a  chill,  the  temperature  risinji;  to  103° 
or  104°  F.,  or  higher,  and  the  fever  })ersists,  being  less  in  the  morning  and  greater 
in  the  evening.  In  many  eases  there  are  violent  irregular  rises  and  falls  of  the 
temperature,  characterized  by  severe  chills  and  drenching  sweats.  The  pulse  in- 
creases in  frequency,  sometimes  proportionately  to  the  fever,  sometimes  without 
fever.  Mahler  lays  great  stress  on  a  stei)-lik(^  increase  in  the  pulse-rate,  without 
fever,  in  diagnosticating  beginning  phlebitis,  particularly  of  the  pelvic  veins 
after  labor  or  abdominal  operations.  ''In  a  typical  case  the  pulse  ascends  while 
the  temperature  remains  absolutely  normal.  The  ascension  continues  while  the 
temperature  moves  in  the  old  path.  If  oedema  appears,  if  a  thrombotic  string 
is  palpable,  or  if  pulmonaiy  sjmiptoms  supervene,  the  pulse-rate  reaches  its 
highest  point,  and  among  other  things  the  temperature  rises  at  the  same  time. 
But,  although  the  temperature  falls  in  the  next  few  hours,  the  pulse  remains 
high."*  Although  the  Mahler  phenomenon  is  not  always  present,  an  increase 
in  the  pulse-rate,  for  which  no  other  cause  can  be  found,  should  make  one 
consider  ver}^  seriously  the  possibihty  of  a  latent  or  beginning  phlebitis. 

Other  symptoms  commonly  associated  with  fever  and  due  to  interference 
with  the  secretions, — e.g.,  dry  mouth,  coated  tongue,  digestive  disturbances, 
constipation,  scant}'  urine,  etc., — are  present  according  to  the  degree  and 
duration  of  the  pyrexia.  Pulmonary  symptoms  arising  in  the  course  of  a 
phlebitis,  although  possibly  due  to  other  causes,  are  most  likely  to  result  from 
embohsm.  (See  the  section  on  Pulmonary  Embolism.)  Hebetude,  stupor, 
restlessness,  delirium,  and  like  nervous  phenomena  are  encountered  only  in  the 
severer  forms  of  suppurative  phlebitis,  in  which  there  may  be  also  hsematogenous 
jaundice,  enlargement  of  the  liver  and  spleen,  petechise  in  the  skin  and  mucous 
membranes,  or  eruptions  simulating  urticaria,  measles,  or  scarlet  fever,  and 
finally,  owing  to  the  detachment  of  septic  emboH,  metastatic  abscesses  in  the 
lungs,  bones,  brain,  spleen,  kidne}^,  and  other  parts. 

Dlignosis. — Phlebitis  is  readily  recognized  by  the  local  signs  when  the 
inflamed  vein  is  superficial.  It  is  not  likely  to  be  mistaken  for  lymphangitis, 
in  which  the  redness  is  much  more  marked  and  the  cord-like  induration  less 
pronounced;  but  the  frequent  coexistence  of  the  two  affections  should  be  borne 
in  mind.  When,  however,  the  vein  is  deeply  situated,  the  diagnosis  may  be 
difficult  or  impossible,  particularly  in  the  beginning.  Possibly  in  some  of  these 
cases  INIahler's  symptom  may  be  of  value.  In  some  instances  it  is  only  after  the 
inflammation  has  extended  to  the  surface  along  anastomosing  vessels  that  the 
concUtion  is  recognized.  In  others  the  occurrence  of  embohc  puknonary  phe- 
nomena first  suggests  the  possibility  of  phlebitis.  In  certain  veins — e.g.,  inferior 
vena  cava  and  portal  vein — ^the  development  of  a  collateral  circulation  is  the  most 
important  sign.  After  labor  or  operation,  or  during  the  progress  of  diseases 
which  predispose  to  inflammation  of  the  veins,  pain  and  swelling  of  the  leg,  in 
the  absence  of  other  causes,  must  be  interpreted  as  due  to  phlebitis.  Sometimes 
the  general  symptoms,  when  associated  with  a  local  lesion  from  which  a  vein 
might  be  infected,  direct  attention  to  the  affected  vein.     Thus,  in  the  presence 

*  Mahler:    "Arbeiten  aus  der  Koeniglichen  Frauenklinik  in  Dresden,"  1905. 
VOL.  VII. — 20 
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of  the  general  symptoms  of  septicaemia,  with  a  discharging  ear,  the  most  Hkely 
cause  would  be  thrombosis  of  the  lateral  sinus.  A  carbuncle  of  the  lip,  with 
exophthalmos  and  other  eye  symptoms,  would  strongly  suggest  infective  phle- 
bitis of  the  cavernous  sinus.  Symptoms  of  peritonitis  with  bloody  diarrhoea, 
in  the  absence  of  injury,  should  always  make  one  think  of  thrombosis  or  em- 
bolism of  the  mesenteric  vessels.  Cyanosis  of  the  upper  half  of  the  body  is 
perhaps  the  most  striking  S3miptom  of  thrombosis  of  the  superior  vena  cava. 

Prognosis. — The  prognosis  of  phlebitis  varies  \^dth  its  nature  and  situation. 
Exudative  phlebitis  of  the  extremities,  after  a  stationary  period  or  a  series  of 
exacerbations  characterized  by  recurrence  of  the  pain,  fever,  and  oedema, 
generally  subsides  in  the  course  of  a  few  weeks,  leaving  the  vein  or  veins  oblit- 
erated. Consequently,  persistent  oedema  and  heaviness  of  the  limb  or  the  de- 
velopment of  varicose  veins  are  not  infrequent  sequelae ;  in  fact,  return  to  the 
normal,  after  an  extensive  phlebitis  of  the  lower  extremity,  is  the  exception. 
The  sensory,  motor,  and  trophic  disturbances.,  which  are  for  the  most  part  rare, 
but  which  may  persist  for  months  or  years,  have  been  sufficiently  emphasized 
above.  Aside  from  involvement  of  the  visceral  veins,  in  which  cases  death 
sometimes  follows  from  simple  blocking  of  the  circulation,  adhesive  (exudative) 
phlebitis  can  cause  death  only  by  embolism.  Some  statistics  relative  to  this 
accident  will  be  found  in  the  section  on  Pulmonary  Embolism. 

Suppurative  phlebitis  is  a  much  more  grave  affair.  The  patient  may  die 
from  septic  intoxication  before  the  local  signs  are  well  advanced,  or  he  may 
succumb  at  a  later  period  as  the  result  of  pyaemia.  For  further  details  and 
percentage  rates  of  death  the  reader  is  referred  to  the  articles  in  which  infective 
phlebitis  of  special  regions  is  treated. 

Treatment. — The  prophylactic  treatment  of  phlebitis  occurring  after 
operation  has  been  described  in  the  section  on  Pulmonary  Embolism.  Here 
we  may  add  that,  owing  to  the  infective  nature  of  phlebitis,  whatever  measures 
are  taken  to  prevent  or  subdue  infection  in  the  tissues,  are  to  be  regarded  as 
acting  in  a  prophylactic  manner  toward  inflammatory  venous  processes.  The 
proper  treatment  of  otitis  media  and  mastoiditis  prevents  lateral  sinus  throm- 
bosis; and  the  game  is  true  with  regard  to  other  infective  lesions  about  the 
head  and  face  in  their  relation  to  the  other  sinuses.  We  must  mention  par- 
ticularly carbuncle  of  the  lip,  which  even  surgeons,  owing  to  the  disfigurement 
produced  by  free  incision  or  excision,  are  prone  to  dally  with  until  the  inflam- 
mation extends  along  the  facial  vein  to  the  orbit  and  thence  to  the  cavernous 
sinus.  The  prompt  draining  of  suppurating  areas,  the  antiseptic  treatment  of 
wounds,  particularly  compound  fractures,  the  promptness  with  which  the 
surgeon  attacks  intra-abdominal  infections,  and  the  careful  precautions  taken 
by  the  modern  obstetrician  to  prevent  the  entrance  of  micro-organisms  into  the 
genital  tract  during  or  after  labor,  have  enonnously  reduced  the  frequency  of 
phlebitis. 

In  exudative  phlebitis  of  the  extremities  the  first  indication  is  to  keep  the 
limb  absolutely  quiet,  in  order  to  lessen  the  chances  of  embolism.  Sudden 
movements,  particularly  those  involving  flexion  of  the  joints,  are  dangerous. 
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In  many  instances  of  phlebitis  of  the  lower  limb  embolism  has  followed  sitting 
11})  in  bed,  which  necessitates  acute  bending  of  the  femoral  vein  at  the  groin. 
The  limb  should  be  placed  upon  a  splint  in  full  extension  and  slightly  elevated, 
thus  lessening  the  amount  of  blood  pumped  into  the  extremity  and  favoring 
drainage  from  it.  The  i^art  may  be  covered  with  cotton  wadding,  in  order  to 
protect  it  from  injury.  Cataplasms  of  kaolin,  lead  water  and  laudanum,  and 
extract  of  witch  hazel,  or  ointments  containing  ichthyol,  belladonna,  or  mercury, 
may  be  applied,  and  at  a  later  period  the  skin  over  the  affected  vein  may  be 
painted  w^ith  iodine.  Inunctions,  however,  and  massage  are  exceedingly  perilous 
at  this  time,  and  local  medicaments  must  be  laid  on,  not  rubbed  in.  Bandages 
should  never  be  tight  but  only  firm  enough  to  maintain  the  dressings  in  place. 
The  most  dangerous  time,  that  in  which  embolism  is  most  likely  to  occur,  is  the 
period  covered  by  the  second,  third,  and  fourth  weeks,  but  sitting  up  and  walking 
are  not  safe  until  after  six  weeks  have  elapsed  from  the  beginning  of  the  process 
or  from  the  beginning  of  the  last  exacerbation.  The  administration  of  drugs  to 
diminish  the  coagulability  of  the  blood,  which  has  been  advised  by  certain 
physicians  to  prevent  the  extension  of  the  clot,  does  not  commend  itself  to  our 
judgment,  as  we  fear  that  such  drugs,  if  possessed  of  anticoagulative  properties, 
might  possibly  render  the  already  existing  clot  less  firm.  In  discussing  throm- 
bosis we  have  given  a  list  of  the  various  substances  which  may  hasten  or  retard 
the  clotting  of  blood.  The  secretions  should,  of  course,  receive  attention,  and 
any  constitutional  malady,  such  as  gout  or  rheumatism,  should  be  treated  with 
appropriate  remedies.  Sedatives  may  be  needed  for  pain,  and  occasionally 
cardiac  stimulants  w^hen  the  circulation  is  weak.  Witzel  believes  that  the 
maintenance  of  the  strength  of  the  circulation  is  the  most  important  measure 
in  preventing  extension  of  the  thrombus.  An  active  circulation  not  onl)'- 
encourages  "embolia  insensibilis  "  and  causes  the  thrombus  to  remain  short,  but 
also  lessens  the  danger  of  infarction  of  the  lung  if  a  medium-sized  embolus  is 
detached.  When  the  patient  begins  to  walk  an  elastic  bandage  or  stocking 
should  be  worn,  to  prevent  excessive  oedema  and  to  encourage  the  development 
of  the  deeper  veins  by  keeping  the  superficial  ones  empty.  Massage  is  not  safe 
until  two  or  three  months  have  elapsed,  when  it  becomes  a  measure  of  great 
value.  The  treatment  of  the  sequelae  (ulcers,  varix,  etc.)  is  fully  given  in  other 
portions  of  the  work.  About  the  only  forms  of  non-suppurative  phlebitis  in 
which  operation  is  indicated  are  inflamed  external  hemorrhoids  and  thrombosis 
of  the  mesenteric  veins.  The  former  require  incision  and  evacuation,  or  excision; 
the  latter  demands  exploratory  laparotomy  and,  when  possible,  excision  of 
gangrenous  intestine.  Brunner  *  states  that,  of  thirtj'-two  operations  for 
mesenteric  thrombosis,  two  were  successful. 

Suppurative  phlebitis  should,  when  possible,  be  treated  by  excision,  a 
procedure  which  was  first  suggested  by  Klebs.  In  other  cases  the  vein  should 
be  opened  and  disinfected,  after  a  ligature  has  been  placed  about  it  between  the 
area  of  inflammation  and  the  heart,  in  order  to  prevent  pyaemia.  Thus,  in 
infective  thrombosis  of  the  lateral  sinus,  the  internal  jugular  vein  should  be  tied 

*  Deutsche  Zeitschrift  f.  Chir.,  Ixxxix.,  No.  6. 
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and  the  sinus  opened,  evacuated,  and  packed  with,  gauze.  The  same  principle 
has  been  suggested  in  the  treatment  of  suppurative  phlebitis  of  the  portal  vein. 
Trendelenburg  has  recently  urged  ligation  of  the  internal  iliac  veins  in  puerperal 
sepsis.  In  43  fatal  cases  he  found  thrombosis  of  the  uterine  and  ovarian  veins 
in  21,'  while  Grossman  found  the  same  condition  in  27  of  51  autopsies.*  The 
general  treatment  of  suppurative  phlebitis  is  that  of  septicaemia  or  pyaemia. 
(See  Vol.  I.) 

Chronic  phlebitis  is  a  term  sometimes  applied  to  the  temiinal  stages  of  a 
protracted  acute  exudative  inflammation  of  a  vein  or  to  the  results  of  this 
inflammation — i.e.,  sclerosis  and  obliteration  of  the  vessel.  Chronic  inflamma- 
tion and  thickening  of  the  venous  walls  without  thrombosis  is  seen  as  the  result 
of  prolonged  overdistention — e.g.,  in  varices  and  other  forms  of  obstRiction.  A 
chronic  phlebosclerosis,  which,  like  arteriosclerosis,  may  be  mdespread,  is  said  to 
be  caused  by  conditions  like  syphilis,  gout,  alcoholism,  and  lead  poisoning.  In 
syphilis,  particularly  of  parenchymatous  organs,  the  walls  of  the  veins  may  be 
infiltrated  with  miliary  gummata. 

Tuberculous  phlebitis  resembles  ordinary  phlebitis,  but  when  a  vein  is  in 
the  midst  of  caseating  tissue,  especially  in  the  lung,  kidney,  and  lymph  nodes, 
its  walls  may  undergo  caseous  degeneration. f 


VIII.   VARICOSE  VEINS. 

Varix  (varicose  veins,  phlebectasia)  is  an  elongated,  permanently  dilated 
vein  -^-ith  thickened  w^alls.  Simple  dilatation  of  a  vein  does  not  constitute 
varix;    the  w^alls  must  be  thickened. 

Varicose  veins  may  be  found  in  any  portion  of  the  body,  even  in  bone  (accord- 
ing to  Cornil  and  R.anvier).  The  condition  is  most  frecjuently  seen  in  the 
internal  and  external  saphenous  veins  of  the  leg,  and  it  is  with  the  affection  in 
this  situation  that  we  shall  deal  at  the  present  time;  other  manifestations  of 
this  abnormality,  such  as  hemorrhoids,  varicocele,  varix  of  the  broad  ligament 
and  of  the  oesophagus,  etc.,  being  discussed  in  other  sections  of  the  work. 

Etiology. — Age. — Varices  are  extremely  uncommon  in  infancy  and,  when 
observed  at  this  period  of  life,  are  usually  congenital.  Cases  of  this  sort  have 
been  reported  by  Petit,  \'oiturier,  Fournol,  and  Bousquet.  It  is  worthy  of  note 
that  congenital  varices  are  most  frequent  in  the  upper  extremity  and  are  generally 
unilateral,  although  Lessar  and  Koenig  describe  congenital  varices  of  the  leg, 
\'elker  of  the  facial,  and  Bird  and  Bennett  of  the  jugular. |  It  is  probable  that, 
although  first  giving  trouble  in  middle  life,  many  varices  really  begin  in  youth, 
owing  to  what,  for  want  of  a  better  term,  we  may  call  the  varicose  predisposition. 
It  is  not  unusual  to  see  varicose  veins  of  the  leg,  associated  with  varicocele  and 
hemorrhoids,  develop  ^^'ithout  any  definite  cause.  Statistics  show  that  the 
abnormality  begins  to  attract  attention  between  the  twentieth  and  thirtieth 

*  Annals  of  Surgery,  Feb.,  1907,  p.  204.  f  Cornil  et  Ranvier.  1907,  tome  iii. 

i  Bougie;   "' Chir.  des  arteres,  veines,  lymphatiques  et  nerfs,"  Paris,   1901. 
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years,  becoming  more  frequent  with  increase  in  age.  In  an  examination  of  917 
individuals  Sistach  found  1.4  per  cent,  between  20  and  30  years  of  age,  suffering 
with  varix;  4.6  per  cent,  between  30  and  40  years;  and  O.G  per  cent,  alcove 
40  years.*  In  dispensary  practice  about  1  per  cent  are  under  20  years,  20 
per  cent  between  20  and  30  years,  25  per  cent  between  30  and  40  years,  and  54 
per  cent  over  40  years. 

Sex. — According  to  Briquet  varices  are  three  times  more  frequent  in  men 
than  in  women.  Most  authors,  however,  assert  that  women  are  more  often 
affected,  owing  to  the  influence  of  pregnancy.  In  our  ow  n  experience  about  60 
per  cent  are  women. 

Heredity  and  other  Conditions.— The  influence  of  heredity  is  admitted  by 
most  observers.  We  have  in  mind  one  family  in  which  both  parents  have 
varix  of  the  leg;  two  children  have  hemorrhoids,  varicocele,  and  varix  of  the 
leg;  three  other  children  have  varix  of  the  leg.  Verneuil  and  others  believe 
that  rheumatism  is  a  factor  in  some  cases.  Of  118  patients  with  varix.  Moreau 
found  55  exhibiting  some  manifestations  of  articular  rheumatism  and  24  with 
rheumatic  parents.  Neuritis  and  certain  other  nervous  affections  are  said  to 
favor,  in  some  instances,  varix,  owing  to  paralysis  of  the  vaso-constrictors. 
Finally,  chronic  phlebitis  from  any  cause  may  be  followed  by  dilatation  and 
elongation  of  the  affected  vein. 

Occupation. — Any  occupation  which  necessitates  prolonged  standing  pre- 
disposes to  varices — e.g.,  that  of  porter,  laundress,  cook,  -jompositor,  salesman, 
etc.  Prolonged  standing  in  one  position  is  much  more  influential  in  jDroducing 
varices  than  walking,  as  in  the  former  the  blood  in  the  extremities  not  only  has 
to  travel  verticall}-  upward,  but  also  is  largely  carried  by  the  superficial  veins, 
owing  to  the  compression  of  the  deep  veins  by  the  tonic  contraction  of  the 
muscles  necessary  to  maintain  the  upright  posture.  In  walking,  the  muscular 
contractions  are  intermittent  and  assist  rather  than  retard  the  venous  circulation. 

Obstruction  to  the  Venous  Flow. — In  addition  to  prolonged  standing,  the  venous 
circulation  may  be  retarded  by  cardiac  or  pulmonaiy  disease,  by  tumors,  cica- 
trices and  enlarged  hiiiph  nodes,  by  a  pregnant  or  displaced  utems,  by  the  use 
of  abdominal  belts,  by  the  wearing  of  corsets,  by  the  pressure  of  a  truss  for 
hernia,  by  garters,  etc.  In  pregnancy  varices  generally  appear  toward  the 
middle  of  temi,  but  occasionally  at  the  end  of  the  first  month,  when  pressure 
cannot  be  incriminated  as  a  cause.  \'arices  are  said  to  be  due  to  a  reflex  trophic 
disturbance. 

Compensatory  Dilatation. — Allien  the  deep  veins  are  blocked  from  thrombo- 
phlebitis or  other  cause  the  superficial  veins  must  dilate  to  carry  the  blood  back 
to  the  heart,  and  in  such  instances  they  may  become  varicose  in  nature.  An 
abnomial  opening  between  an  arteiy  and  vein,  such  as  exists  in  aneuiysmal 
varix,  causes  a  dilatation  and  thickening  of  the  veins.  The  veins  are  said  to 
"arterialize." 

The  cause  of  varix  is  not  always  distinct  and  positive;  rather  is  it,  in  many 
instances,  of  a  complex  nature.     Undoubtedly  hereditary  or  acquired  (through 

*  Duplay  et  Reclus. 
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phlebitis)  weakness  of  the  walls  of  the  \-eins  is  the  prime  factor  in  a  certain 
number  of  cases,  but  in  the  majority  the  condition  is  inaugurated  by  mechanical 
causes  which  retard  or  obstruct  the  return  flow  of  blood  from  the  extremities. 
Hence  the  frequency  of  varix  in  the  most  badly  drained  portion  of  the  bod)^ — 
the  lower  extremities.  No  matter  what  the  initial  cause  of  the  retardation  or 
obstruction  may  be,  the  small  superficial  branches  into  which  the  perforating 
veins  of  the  leg  empty  bear  the  greatest  strain,  as  it  is  here  that  the  back  pressure 
in  the  superficial  veins  meets  the  iorward  pressure  induced  by  muscular  con- 
tractions on  the  perforating  veins.  These  perforating  branches  are  most 
mmierous  in  the  middle  and  lower  third  of  the  leg,  but  as  those  in  the  middle 
of  the  leg  are,  unlike  those  in  the  lower  third,  surrounded  by  muscle,  the  small 
superficial  veins  in  the  middle  third  are,  according  to  our  observation,  usually 
the  first  to  dilate,  the  process  then  extending  to  the  larger  branches,  both  deep 
and  superficial.  Following  the  dictum  of  Verneuil,  however,  many  writers  state 
that  the  disease  alwaj^s  begins  in  the  deep  veins  and  is  then  propagated  along  the 
perforating  branches  to  the  superficial  veins. 

Anatomists  describe  three  forms  of  perforating  or  anastomosing  veins  in  the 
lower  extremity:  those  which  have  no  valves  and  m  which  the  blood  may  run 
in  either  direction;  those  in  which  the  valves  direct  the  blood  toward  the  per- 
iphery; and  those  which  direct  the  blood  to  the  deep  veins.  According  to  Houze 
and  Le  Dentu  *  the  blood  in  the  foot  normally  flows  from  the  deep  to  the  super- 
ficial veins,  while  in  the  leg  and  thigh  the  current  is  in  the  opposite  direction. 
From  this  fact  certain  authors  conclude  that,  when  the  veins  of  the  feet  are  first 
involved,  the  process  has  begun  in  the  deep  veins.  However  this  may  be,  the 
dilatation  once  produced  renders  the  valves  incompetent,  and  the  consequent 
high  pressure  in  the  vein,  together  with  the  stasis  in  the  vasa  vasoi-um,  induces 
a  chronic  inflammation  and  thickening  of  the  walls  of  the  vessel.  With  in- 
competent valves  the  walls  of  the  saphenous  vein  must  support  a  column  of 
blood  reaching  to  the  heart,  the  pressure  of  which  column  is  augmented  by  eveiy 
effort  made  by  the  patient.  Thus,  coughing,  straining,  etc.,  cause  a  sudden 
increase  in  the  distention  of  the  vein,  and  even  the  swing  of  the  leg  in  walking 
acts  like  a  centrifuge  in  driving  the  blood  toward  the  peripheiy.  Trendelenburg, 
to  whom  particularly  is  due  the  credit  for  pointing  out  the  importance  of  val- 
vular insufficiency,  demonstrates  this  condition  as  follows: — The  patient  is 
placed  in  the  recumbent  posture  and  the  limb  elevated,  in  order  to  empty  it  of 
blood.  The  internal  saphenous  vein  is  then  compressed  in  the  upper  part  and 
the  patient  asked  to  stand.  The  vein  remains  empty  and  does  not  fill  from 
below  upward  as  it  should  do  normally,  but  when  the  compression  at  its  upper 
part  is  removed  it  promptly  and  completely  distends  from  above  dovvTiward ;  in 
other  words,  the  circulation  in  it  is  reversed.  If,  while  the  patient  is  in  the 
semi-reclining  posture,  the  limb  is  elevated,  the  blood  in  the  vein  extends  only 
as  far  as  a  level  corresponding  to  that  of  the  heart.  Chevrier  f  states  that,  if 
the  varices  fill  very  slowly  from  below  upward  in  the  Trendelenburg  test,  the 

*  Terrier  and  Alglave,  in  Revue  de  chir.,  Jime,  1906. 
t  Archives  generales  de  chir.,  Jan.  11th,  1908. 
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valves  of  the  branches  connecting  the  superficial  with  the  deep  communicating 
veins  are  normal;  but  that,  if  they  fill  rapidly,  the  same  valves  are  incompetent. 
This  he  calls  the  ascending  reflux  in  contradistinction  to  the  descending  reflux 
of  Trendelenburg,  ^^ahailar  inadecjuacy  may  be  demonstrated  likewise  by  per- 
cussing the  vein  at  its  upper  part,  when  a  wave  can  be  felt  at  a  lower  level 
(Schwartz's  sign).  Delbet  demonstrated  the  increase  of  pressure  in  a  varicose 
internal  saphenous  vein  by  means  of  a  cannula  introduced  into  the  central  end 
of  the  vein  and  connected  ^^-ith  a  mercurial  manometer.  Instead  of  being  neg- 
ative the  pressure  was  16  nmi.  with  the  patient  recumbent,  and  it  rose  as  high 
as  26  mm.  when  he  stood  up  and  strained. 

Pathology. — Varicose  veins  are  not  only  dilated  but  also  thickened  and 
lengthened,  and,  owing  to  the  elongation,  they  are  tortuous,  sometimes  so  much 
so  that  the  vein  is  doubled  upon  itself  in  numerous  places  for  a  considerable 
distance.  At  the  onset  the  dilatation  is  uniform,  but  later  it  becomes  irregular, 
being  in  some  parts  fusiform  or  cylindrical  and  in  others  sacculated.  This 
irregularity  in  distention  is  due  to  the  irregularity  in  the  thickness  of  the  walls 
of  the  vessel.  Thus  the  w^alls  may  be  extremely  thick  in  certain  sections  and  so 
thin  as  to  break  in  others.  The  morbid  process  extends  like\\dse  to  the  valves, 
which  are  deformed  and  incompetent.  According  to  Cornil  the  thickening  of 
the  walls  of  the  vein  in  the  beginning  is  due  to  hypertrophy  of  the  middle  coat, 
as  the  result  of  an  increase  in  the  muscular  fibres  and  the  connective  tissue. 
Later,  the  connective  tissue  predominates  and  the  wall  becomes  sclerosed,  some- 
times yielding  in  places  and  becoming  extremely  thin.  The  vasa  vasorum  are 
greatly  dilated  and  themselves  become  varicosed,  frequently  rupturing  and 
causing  minute  ecchjmioid  spots  beneath  or  in  the  skin.  Occasionally  calcareous 
deposits  are  found  in  the  fibrous  tissue  of  w^hich  the  vessel-wall  is  finally  almost 
entirely  composed.  In  a  word,  the  changes  are  those  of  chronic  phlebitis,  which 
may,  however,  become  subacute  or  acute  and,  by  extension  to  the  intima,  give 
rise  to  thrombosis  with  its  consequences.  We  have  already  directed  attention 
to  the  occurrence  of  phleboliths,  which  are  the  result  of  the  deposition  of  lime 
salts  in  thrombi,  and  which  are  often  found,  sometmies  free  and  sometimes 
adherent,  in  varicose  veins. 

The  inflammation  does  not  limit  itself  to  the  vessel  but  spreads  to  the  sur- 
rounding connective  tissue  (periphlebitis),  the  embryonic  cells  finally  being 
transfonned  into  fibrous  tissue.  Hence  the  vein  becomes  fixed,  not  only  to 
the  surrounding  tissues  but  also  to  itself  at  the  flexures,  so  that  even  after 
removal  it  may  be  necessary  to  sever  a  number  of  fibrous  bands  in  order  to 
straighten  the  vessel. 

The  remaining  tissues  of  the  affected  part^  likewise  may  suffer  alterations  of 
var}dng  degree.  The  lymph  vessels  may  be  involved  and  further  contribute 
to  the  oedema,  which  then  becomes  harder  in  character  and  pits  less  readily  on 
pressure.  The  arteries  may  undergo  changes  similar  to  those  of  the  veins  and 
even  become  blocked  with  thrombi  or  infiltrated  with  lime  salts.  The  nerves, 
according  to  Quenu,  may  be  the  seat  of  an  interetitial  inflammation,  not  only 
in  the  immediate  neighborhood  of  ulcers,  but  also  at  a  distance, — e.g.,  in  the 
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thigh,  where  the  surrounding  connective  tissue  is  normal.  The  muscles  may 
show  evidences  of  interstitial  inflammation  or  more  often  fatty  degeneration. 
The  bones  in  the  vicinity  of  ulcers  may  become  carious,  but  more  commonly 
there  is  an  osteoperiostitis  with  overproduction  of  bone.  Occasionally  the 
ossification  spreads  from  the  bone  along  the  fibrous  intermuscular  septa  and 
aponeuroses.  The  skin  is  dry,  wrinkled,  scaly,  in  places  white,  and  in  others 
markedly  pigmented,  or  not  infrequently  smooth,  erythematous,  eczematous, 
or  ulcerated.  The  corium  presents  all  the  signs  of  an  irritative  chronic  in- 
flammation; between  the  fibrous  fascicuh  are  found  embryonic  cells  and  the 
elastic  tissue  is  sometimes  hypertrophied.  The  sebaceous  and  sweat  glands  and 
the  hair  folhcles  are  usually  atrophied.  The  papillae  are  sclerosed  and  atrophied, 
rarely  elongated  and  hypertrophied.     The  epidermis  is  usually  thickened. 

Symptoms. — Varices  are  generally  insidious  in  their  development,  but  their 
progress  is  influenced  very  largely  by  the  care  which  is  given  them,  by  the 
general  health  of  the  patient,  by  the  coexistence  of  cardiac  or  pulmonary 
disease,  and  by  the  lesion  to  which  they  owe  their  origin.  In  conditions  like 
arteriovenous  aneurysm  and  pregnancy,  varices  develop  quickly  and  are  likely 
to  subside  when  the  cause  ceases  to  exist,  although  the  veins,  if  distended  for  a 
long  period,  are  weakened,  and  the  condition  is  prone  to  recur  in  a  more  pro- 
nounced form  with  renewal  of  the  cause.  Thus,  a  varix  which  may  have  dis- 
appeared after  the  first  confinement  reappears  in  increased  volume  and  persists 
after  repeated  pregnancies. 

Although,  as  we  have  already  mentioned,  varices  begin  most  frequently  in 
the  small  superficial  veins  of  the  middle  of  the  leg  they  may  first  be  noticed  in 
the  minute  veins  of  the  foot,  about  the  malleoh  or  the  knee,  or  in  the  neighbor- 
hood of  the  great  trochanter.  The  veins  are  bluish  or  rose-colored  and  arranged 
like  "stars  or  comets,"  i.e.,  several  veins  radiate  from  one  spot,  or  one  or  more 
trail  in  a  more  or  less  straight  direction  beneath  or  in  the  skin.  In  some  instances 
the  large  trunks  of  the  leg  or  thigh  are  first  involved.  Verneuil  maintained  that 
varix  invariably  begins  in  the  deep  veins,  usually  the  post-tibial  and  peroneal. 
However  this  may  be,  in  a  well-advanced  case  most  of  the  veins,  both  superficial 
and  deep,  are  more  or  less  involved  in  the  process.  Yet  there  are  certain  cases 
in  which  the  affection  remains  strictly  confined  to  a  group  of  veins.  Limited 
varices  of  this  character  most  frequently  involve  the  branches  of  the  internal 
saphenous  in  the  lower  third  of  the  thigh  and  at  the  saphenous  opening,  points 
where,  as  Terrier  and  Alglave  point  out,  the  largest  perforating  branches  are 
found.  (Figs.  104  and  105.)  Although  both  extremities  are  involved  in  about 
seventy  per  cent  of  the  cases,  even  in  these  the  left  is  the  more  affected.  In- 
volvement of  the  right  leg  alone  occurs  in  about  ten  per  cent  and  of  the  left  alone 
in  about  twenty  per  cent  of  the  cases.  The  reasons  for  the  predisposition  of  the 
left  over  the  right  side  are  similar  to  those  given  for  the  prevalence  of  thrombosis 
on  the  left  side. 

When  varix  begins  in  the  deep  veins,  the  diagnosis  can  only  be  suspected  until 
the  superficial  veins  dilate.  The  patient  complains  of  a  sensation  of  heaviness 
and  fulness  in  the  region  of  the  calf  after  prolonged  walking  or  standing,  at  which 
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Fig.  104. 


Fig.  105. 


i?..J";C;ni:;lJ''--^^^^^^^^^°^  °'   ^  ^^^^^  °^  ^"--  °^  *1-  Lower  Extremity.'  (Terrier  et  .Uglave. 

Fig.   104.— Inner  Aspect  of  tlie  limb.   TF    Femoral  vein  ■   /r  ir  „ 

ous  at  Its  jmiction  with  tlie  femoral  •  5  5  suDerio^lipn? '  f  /.  '  ^°'P"V^^  dilatation  of  the  saphen- 
reseeted  between  the  points  S,  and  S^  VA^^Zo!^  ?l  *^^? /^^"^^^^  saphenous  wMeh  has  been 
of  the  leg  to  the  supLor  segment  o7  tl^^intrnautXX"^^  blood  to  flow  from  the  varicose  veins 
formed  collateral.  V.P.S.,  posterior  varices  of  the  iXrnT  t  '  ''''t?'"  ^^g^^^nt;  V.C.S.,  newlv 
between  the  internal  and  external  saphen'S  veil      ?^;p1r;oratrn:v:ins  •''■''•''■'  --^--o*-  vein^ 

Fig.   105. — Posterior  View     V  o  v  t     \-      i     /      ■-'  •■  pt^"orating  \ems. 

uniting  the  two sapheZ; IZs ;  li^.l't;^!!  ap Wu/°2^^'S'^  Y"'-*"-^.'  T^^^^^^^  branches 

.apnenou^,  £.Ji  i.^.,  upper  end  of  external  saphenous. 
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time  there  may  be  slight  oedema  about  the  anlvle  or  over  the  lower  end  of  the 
tibia,  and  a  slight  fulness  of  the  calf  appreciable  on  palpation.  Sometimes  there 
are  cramps  in  the  calf  muscles  or  a  tingling,  prickling,  or  itching  sensation  in  the 
skin,  and  occasionally  pain  in  the  sole  of  the  foot;  these  symptoms  disappear 
after  lying  down  or  elevating  the  leg.  Pigmentary  discoloration  of  the  skin, 
minute  furuncles,  eczema,  and  other  skin  diseases,  and  marked  increase  in  the 
secretion  of  sweat  are  other  signs  which  are  mentioned  as  occurring  in  deep 
varicosities.      (Verneuil.*) 

Deep  varices  occasionally  reveal  themselves  during  violent  contraction  of 
the  calf  muscles  by  rupture  {"coup  defouet"),  the  symptoms  of  which  we  shall 
give  farther  on. 

Varices  of  the  minute  veins  of  the  skin  present  the  appearance  noted  above. 
The  changes  in  the  subcutaneous  veins — dilatation  (cylindrical,  fusiform,  saccu- 
lated), elongation,  tortuosity,  alteration  of  the  walls — can  be  both  seen  and  felt 
in  the  later  stages.  The  veins  may  appear  bluish  through  the  skin  or  the  color 
may  be  obscured  by  a  blackish  or  brownish  discoloration  of  the  skin.  After 
the  veins  have  been  emptied  they  may  still  be  felt  as  thickened  bands  beneath 
the  skin.  In  the  region  of  saccular  dilatations,  which  are  soft,  fluctuating,  and 
reducible,  the  vein  wall  and  the  skin  may  be  extremely  thin.  The  increase  in 
the  venous  pressure  caused  by  coughing,  straining,  and  like  efforts  is  best  seen 
in  such  sacculations.  The  signs  of  incompetence  of  the  valves  we  have  already 
mentioned.  The  entire  limb  is  enlarged,  heavy,  and  often  painful,  particularly 
after  prolonged  standing. 

In  certain  cases  there  is  intense  neuralgic  pain  along  the  sciatic  or  other 
nerves,  due  perhaps  to  a  neuritis,  or — as  suggested  by  Quenu— to  a  varicose 
condition  of  the  intraneural  veins.  Alterations  in  the  nerves  may  be  responsible 
also  for  the  trophic  disturbances  which  are  sometimes  observed,  viz.,  thickening, 
striation,  and  incurvation  of  the  nails,  local  sweating,  lowered  temperature 
(the  affected  limb  sometimes  being  a  degree  or  more  below  its  fellow),  muscular 
degeneration,  and  probably  many  of  the  skin  diseases.  Richet  states  that 
sensation  to  touch  is  diminished  while  that  of  pain  is  increased. 

Complications. — Rupture  may  involve  either  the  deep  or  the  superficial 
veins.  Rupture  of  the  former  generally  occurs  during  violent  contraction  of 
the  calf  muscles.  There  is  a  sudden  severe  pain  like  the  sting  of  a  whip,  "coup 
defouet,"  which  is  followed  by  swelling  and  tenderness  of  the  leg  and  difficulty 
in  walking.  After  several  days  the  blood  makes  its  way  to  the  surface  and 
appears  as  an  ecchymosis,  particularly  on  the  posterior  surface  of  the  leg.  This 
accident  was  once  thought  to  be  due,  not  to  the  rupture  of  a  deep  varicose 
vein  but  to  rupture  of  the  plantaris.  Rupture  of  a  deep  vein  in  other  portions 
of  the  lower  extremity  Hkewise  causes  pain,  swelling,  and  late  ecchymosis. 
Occasionally  there  is  formed  a  large  hsematoma,  which  may  undergo  absorption, 
inspissation  and  calcification,  result  in  a  cyst,  or  become  infected  and  suppurate. 
A  superficial  varix  may  burst  at  a  point  where,  owing  to  a  saccular  dilatation, 
the  skin  and  vein  wall  are  extremely  thin.    This  accident  may  follow  coughing, 

*  Quoted  by  Quenu,  Duplay  et  Reclus,  tome  ii. 
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straining,  or  similar  effort  which  suddenly  raises  the  intravenous  pressure;  it 
nuiy  be  caused  by  an  injury;  or  it  may  occur  spontaneously.  The  vein  may 
be"  opened  likewise  by  a  wound  or  by  ulceration.  The  hemorrhage  is  much 
more  copious  than  after  a  wound  of  a  normal  vein,  owing  to  the  insufficiency 
of  the  valves  and  the  gaping  of  the  vein  as  the  result  of  the  thickening  of  its 
walls.  Furthermore,  when  the  valves  are  incompetent  the  bleeding  is  more  pro- 
fuse from  the  central  end  of  the  vein.  When  a  large  vein  is  opencid  the  blood 
spurts  from  the  wound,  sometimes,  according  to  Bougie,  with  systolic  reinforce- 
ments, and  this  accident  may,  if  proper  treatment  is  not  promptly  applied, 
be  followed  by  death. 

Thrombo-phlebitis  is  more  apt  to  occur  in  varicose  veins,  owing  to  the  stasis 
and  the  alteration  in  the  walls  of  the  vessels.  This  form  of  inflammation  may 
be  caused  by  an  injury  or  may  complicate  one  of  the  infectious  or  cachexic 
diseases  already  noted  under  Thrombosis,  but  is  most  frequently  due  to  the 
entrance  of  micro-organisms  through  a  scratch,  a  patch  of  eczema,  an  ulcer,  or 
like  lesion.  In  fonner  years  puerperal  infection  was  a  prolific  cause.  We  do 
not,  however,  wish  to  convey  the  impression  that  all  cases  are  due  to  infection; 
undoubtedly  in  some  instances  the  process  is  sterile  in  nature.  The  usual 
symptoms  of  thrombo-phlebitis  are  in  evidence,  the  extent  and  nature  of  the 
process  varying  with  its  cause.  In  the  most  frequent  form  a  segment  of  the 
internal  saphenous  or  a  packet  of  varicose  veins  is  involved,  and  the  trouble 
generally  remains  localized,  although  extension  upward  along  the  superficial 
veins — or,  much  more  frequently,  when  a  convenient  anastomosing  branch  is 
present,  extension  to  the  deep  veins — may  occur.  In  the  last  instance  there 
is  deep  pain,  sometimes  crampy  in  character,  with  tenderness  and  swelling  of 
the  muscles,  and  oedema  below  the  affected  part.  This  group  of  symptoms  is 
usually  observed  in  the  calf  of  the  leg  and  often  renders  walking  difficult  or 
impossible.  Embolism  is  less  common  than  in  thrombosis  of  non-varicosed 
veins,  since  in  many  instances  the  blood-current  in  the  fonner  is.  reversed  and 
flows  tow^ard  the  periphery. 

The  phlebitis  is  usually  of  the  exudative  variety  and  ends  in  organization 
of  the  thrombus  and  obliteration  of  the  vein.  A  localized  varix  may  thus  be 
cured,  and,  in  an  extensive  varix,  a  properly  situated  thrombus  may  have  the 
same  effects  as  the  Trendelenburg  operation. 

Suppurative  phlebitis  gives  the  symptoms  which  we  have  enumerated  under 
this  heading,  the  most  dangerous  feature  being  the  possibility  of  pyaemia, 
although,  for  the  reason  mentioned  above,  the  process  is  more  apt  to  remain 
localized  than  in  non-varicosed  veins.  When  the  inflammation  is  accentuated 
about  the  vein,  lymphangitis  is  a  frequent  and  serious  complication,  the  simul- 
taneous obstruction  of  the  blood  and  lymphatic  vessels  markedly  augmenting 
the  sw'elling. 

Ulceration  is  the  most  frequent  complication  of  varix.  The  ulcer  or  ulcers 
are  almost  invariably  situated  on  the  inner  surface  of  the  middle  or  more  fre- 
quently the  lower  third  of  the  leg.  Ulceration  may  follow  the  rupture  of  an 
ampullar  dilatation  of  a  vein  or  the  bursting  of  a  perivenous  abscess,  or  it  may 
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begin  in  a  scratch,  abrasion,  or  spot  of  eczema.  In  other  instances  the  ulcer 
apparently  begins  spontaneously  as  a  minute  dot  of  necrosis,  probably  the 
result  of  capillary  stasis  and  thrombosis,  owing  to  the  fact  that  the  venous  blood- 
pressure  equalizes  that  in  the  arteries.  The  ulcer  once  inaugurated  gradually 
increases  in  size,  frequently  involving  a  third,  sometimes  a  half,  and  occasionally 
the  whole  of  the  circumference  of  the  leg.  This  tendency  to  ulceration  is  due 
to  malnutrition  of  the  tissues  of  the  leg  as  the  result  of  poor  circulation.  Not 
only  is  there  a  tendency  to  stasis  in  the  veins,  but  there  may  be  in  addition 
arterial  disease  and  not  infrequently  an  associated  cardiac  lesion.  Neuritis 
also,  when  it  exists,  must  be  considered  as  a  factor  in  the  production  and  pro- 
pagation of  the  ulceration.  Alcoholism,  syphilis,  Bright's  disease — in  a  word, 
any  condition  which  lowers  the  resistance  of  the  tissues — may  be  present  in 
those  with  varicose  veins  and  lend  assistance  to  the  progress  of  ulceration.  For 
a  description  of  the  appearances  of  varicose  ulcers  the  reader  is  referred  to  the 
article  on  "  Ulceration  "  in  Vol.  II.  The  appearance  of  the  ulcer  itself,  however, 
is  not  always  typical,  particularly  in  syphilitics;  it  is  here  hybrid  in  nature  and 
from  inspection  alone  may  be  difficult  to  diagnosticate.  To  add  to  the  difficulty 
the  larger  veins  may  not  be  markedly  dilated;  indeed,  ulcers  are  more  frequent 
in  those  with  involvement  of  the  smaller  superficial  veins.  The  ulcer  is  not 
always  single  but  may  have  one  or  more  smaller  neighbors  and  sometimes  whitish 
or  pigmented  areas  near  it,  representing  ancient  healed  areas  of  ulceration. 

Eczema  and  like  skin  lesions  are  more  frequently  found  in  the  neighborhood 
of  ulcers  than  elsewhere,  as  is  also  a  diminution  in  the  sensibility  of  the  skin. 
The  ulcer  itself,  however,  is  not  infrequently  hypersesthetic  and  the  seat  of  severe 
pain.  Enormous  hypertrophy  of  the  extremity  with  thick  corrugated  skin, 
the  so-called  pseudo-elephantiasis,  is  most  often  seen  in  those  with  large  ulcers. 
A  varicose  ulcer  is  of  course  a  possible  starting-point  for  infectious  complications 
like  erysipelas,  lymphangitis,  and  phlebitis,  and  may  cause  thickening  of  the 
underlying  bone  or  even  caries. 

Club-foot  due  to  the  muscular  changes  consequent  on  inflammation  or 
neuritis  is  a  possible  but  rare  complication.  The  usual  deformity  is  equinovarus 
with  flexion  of  the  toes,  much  like  the  club-foot  of  phlebitis. 

Prognosis. — Varicose  veins  of  the  extremities  tend  to  progress  and,  with 
the  few  exceptions  noted  above,  never  disappear  without  treatment.  Death 
can  follow  only  from  complications,  which  have  been  suflaciently  emphasized 
above. 

Diagnosis. — Superficial  varices  are  easily  recognized.  At  the  saphenous 
opening,  however,  the  affection  may  be  mistaken  for  a  femoral  hernia,  as  both 
are  reducible  and  both  have  an  impulse  on  coughing.  A  hernia  is  reduced  with 
a  gurgle,  which  is  unfike  the  thrill  sometimes  felt  in  reducing  a  saphenous  varix; 
this  thrill  resembles  the  sensation  imparted  to  the  hand  when  fluid  is  expressed 
from  a  bulb  syringe.  A  varix  reappears  from  below  upward,  even  when  the 
finger  blocks  the  femoral  canal;  furthemiore,  there  are  probably  varices  in  the 
neighborhood.  Symptoms  similar  to  those  caused  by  deep  varices  may  be  due 
to  many  causes — popliteal  growths,  lithsemia,  sciatica,  etc.     A  most  careful 
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examination,  both  general  and  local,  is  therefore  required  in  such  cases.  Perhaps 
the  most  important  si'j;n  in  deep  varices  is  marked  amelioration  or  disappearance 
of.  the  symptoms  when  the  patient  lies  down. 

Treatment.— The  treatment  may  be  non-operative  or  operative. 

X on-operative  Treatment. — Non-operative  treatment  consists  in  removal  of 
the  cause  if  possible,  gentle  massage,  the  application  of  an  elastic  stocking  or 
bandage,  attention  to  the  general  health,  including  any  complicating  cardiac 
aff(>ction,  and  the  relief  of  constipation.  Any  form  of  dress  which  unduly  com- 
presses the  abdomen  (such  as  a  tight  belt  or  corset)  or  the  limb  (such  as  a  circular 
garter)  should  be  discarded.  Prolonged  standing  is  to  be  avoided,  although  a 
moderate  amount  of  walking  is  to  be  encouraged.  AMiile  sitting  the  patient 
should,  whenever  possible,  elevate  the  feet  at  least  as  high  as  a  level  correspond- 
ing to  that  of  the  heart.  In  the  absence  of  eczema  and  phlebitis  centripetal 
massage  is  a  measure  of  some  value,  but  should  never  be  harsh  because  of  the 
danger  of  irritating  the  skin.  A  localized  varix  ^^^thout  sjmiptoms  recjuires  no 
elastic  compression,  but  is  better  left  to  itself.  When,  however,  there  are  evi- 
dences of  extensive  involvement  of  the  veins  compression  of  some  form  should 
be  applied.  Stockings  made  of  a  mixture  of  mbber  and  silk,  ha\dng  the  toes  and 
heel  exposed  and  reaching  to  the  knee,  are  the  best  for  most  patients.  "\Mien 
it  is  necessary  to  include  the  thigh  the  stockings  are  difficult  to  maintain  m  place 
without  a  band  about  the  waist.  Flannel  bandages  and  those  made  of  elastic 
webbing  {e.g.,  the  Randolph  bandage)  are  cheaper  and  cleaner,  being  washable, 
but  they  require  a  little  more  trouble  to  adjust,  and  hence  are  often  neglected 
by  patients  provided  with  them.  The  compression  should  be  removed  on 
retiring,  when  the  limbs  may  be  rubbed  with  alcohol,  and  replaced  after  the 
morning  bath,  at  which  time  the  limb  is  dusted  with  some  bland  powder  hke 
stearate  of  zinc. 

If  superficial  varices  depend  upon  obstruction  or  obliteration  of  the  deep 
veins  elastic  compression  ma}^  augment  rather  than  diminish  the  circulatory 
troubles.  In  grave  cardiac  lesions  the  increase  in  blood-pressure  consequent 
upon  elastic  compression  may  seriously  interfere  with  cardiac  action.  In  such 
cases  the  patient  should  be  put  to  bed  for  a  tmie  and  then  very  moderate  com- 
pression made,  in  order,  in  the  first  instance,  to  encourage  the  establishment  of 
a  deep  collateral  circulation,  and,  in  the  next  place,  to  accustom  the  heait  gradu- 
ally to  the  changes  in  the  blood-pressure. 

Operative  Treatment. — Operative  treatment  has  been  practised  in  many 
different  ways.  Herapath  (1843)  incised  the  saphenous  opening,  and  the  fibrous 
ring  in  the  popliteal  space  through  which  the  external  saphenous  passes,  beUev- 
ing  that  varix  was  the  result  of  strangulation  at  these  points.  Other  ancient 
methods,  according  to  Bougie,  were  simple  transvei-se  section  of  the  vein  (Brodie, 
Velpeau),  subcutaneous  section  (Brodie,  Guerin),  ligature  in  mass  of  the  vein 
and  overl}ang  skin  (Chaumatte,.  1627),  ligature  of  the  vein,  the  ligature  being 
tied  over  a  pad  or  a  pin  on  the  skin  (Travei-s,  1822),  subcutaneous  ligation 
(Gagnebe,  1830).  cauterization  (Celsus,  Pare,  and  others),  galvano-puncture 
(Clavel,  1837),  the  set  on  (Velpeau,  1835),  acupressure  (Franc,  1835),  serres-fines 
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(Vidal  de  Cassis),  and  denudation  of  the  vein  so  that  it  might  become  gangrenous 
(Rigaud,  1875).  The  intravenous  injection  of  substances  like  Monsel's  solution, 
tannic  acid,  etc.,  was  in  favor,  particularly  in  France,  from  1853  until  recently, 
despite  the  dangers  of  extension  of  the  inflammation  and  embolism,  and  even 
at  the  present  time  it  still  has  some  advocates.  Tavel  *  suggests  that,  if 
thrombosis  does  not  follow  the  Trendelenburg  operation,  a  syringe  be  put  in  the 
vein,  some  of  the  blood  drawn  out,  and  from  one  to  three  Pravaz  syringefuls  of 
carbolic-acid  solution  (5  per  cent)  injected.  Perivenous  injections  of  alcohol, 
ergotin,  etc.,  were  used  by  Broca  and  others,  to  induce  indirectly  an  adhesive 
phlebitis.  The  only  operations  which  are  worthy  of  consideration  at  the  present 
day  are  ligation,  section  between  ligatures,  and  resection  (partial  or  total) 
through  an  open  incision. 

Ligation,  Section  between  Ligatures,  and  Partial  Resection. — Ligation 
through  an  open  incision  was  practised  by  Pare  (1561),  Dionis  (1714),  Home 
(1797),  and  others.  Caius  Marius  had  his  varices  resected  by  a  surgeon  whose 
name  history  fails  to  transmit  to  us.  Extirpation  of  painful,  inflamed,  or  giant 
varicosities  was  performed  likewise  by  Celsus,  Galen,  Petit,  and  others.  Owing 
to  the  frequency  of  phlebitis  and  purulent  infection,  however,  these  methods 
were  avoided  by  conservative  surgeons  until  the  advent  of  antisepsis.  Others 
sought  to  minimize  the  danger  by  the  methods  mentioned  above.  From  1875 
onward  ligation  or  partial  resection  was  practised  with  increasing  frequency  at 
various  situations,  but  particularly  just  above  or  just  below  the  knee.  It  was 
not,  however,  until  1890  that  Trendelenburg  set  forth  the  importance  of  valvular 
incompetence  and  recommended  section  of  the  internal  saphenous  between  two 
ligatures  at  the  junction  of  the  middle  and  inferior  thirds  of  the  thigh,  in  order  to 
break  the  long  column  of  blood  which  the  veins  of  the  leg  were  forced  to  support. 
In  1895  Trendelenburg  modified  his  original  technique  by  ligating  and  severing 
the  vein  in  three  places,  viz.,  at  the  middle  of  the  thigh  and  above  and  below 
the  internal  condyle.  Other  operators  have  further  modified  the  operation  in 
various  ways,  generally  by  adding  to  or  subtracting  from  the  number  of  ligatures 
and  by  resecting  varying  lengths  of  the  vein.  Schede,  Moreschi,  and  others 
encircle  the  leg  with  an  incision,  usually  at  the  junction  of  the  upper  and  middle 
thirds,  sever  all  visible  veins  between  ligatures,  and  suture  the  skin.  Friedel  f 
makes  a  spiral  incision,  beginning  just  below  the  knee,  which  encircles  the  leg 
five  times  and  ends  on  the  dorsum  of  the  foot;  all  visible  veins  are  tied  and 
the  wound  is  left  open,  to  drain  away  Ijnuph,  particularly  w^hen  there  is  a  tend- 
ency to  swelling  or  elephantiasis.  Schwartz's  method,J  which  is  employed  by 
many  surgeons,  and  a  description  of  which  will  serve  to  indicate  the  usual 
technique  of  these  operations,  is  as  follows: — After  the  customary  antiseptic 
precautions  have  been  taken,  a  tube  is  applied  circularly  about  the  root  of  the 
thigh.  If  one  intends  to  remove  large  varicose  packets,  necessitating  a  long 
and  painful  dissection,  a  general  anaesthetic  should  be  employed ;  if  the  operation 

*  Korrespondenzblatt  f.  Schweizer  Aerzte,  1904,  No.  19. 

t  Langenbeck's  Archiv,  Bd.  Ixxxvi.,  Heft   1. 

I  '"Traite  de  chirurgie"  de  Le  Dentu  et  Delbet,  t.  iv. 


THE  PERICARDIUM,   HEART,   AND  BLOOD-VESSELS.         319 

consists  merely  of  the  application  of  multiple  ligatures,  a  solution  of  cocaine, 
one  per  cent,  is  used.  If  there  are  simply  masses  of  varicose  veins  in  the  leg  or 
on  the  inner  side  of  the  knee,  without  dilatation  of  the  saphenous  vein  in  the 
thigh,  these  are  extirpated  widely,  catgut  ligatures  being  employed  above  and 
below  and  all  collateral  branches  receiving  ligatures.  If,  with  the  varicose 
tumors,  the  internal  saphenous  vein  in  the  thigh  is  dilated,  the  tumors  are  removed 
and  in  addition  the  internal  saphenous  is  ligated  at  several  points;  the  latter 
alone  is  done  in  varix  without  large  or  painful  varicose  tumors.  Four  ligatures 
are  generally  used,  sometimes  five — three  in  the  thigh  and  one  or  two  in  the  leg. 
The  vein  is  uncovered  for  a  distance  of  four  or  five  centimetres  and  carefully 
isolated;  the  collaterals  are  ligated;  the  saphenous  itself  is  tied  with  catgut  at 
each  end  of  the  incision,  and  the  intervening  portion  is  removed;  and,  finally, 
the  skin  is  sutured  with  silkworm  gut  without  drainage.  Phelps  ties  the  vein  in 
tliirty  or  forty  places. 

Total  Resection  of  the  Internal  Saphenous. — Total  resection  of  the  internal 
saphenous  was  probably  first  practised  by  Ricard  in  1903,  although  extensive 
resections  were  done  by  many  surgeons  before  this  time.  Terrier  and  Alglave,* 
who  have  recently  insisted  that,  in  suitable  cases,  as  much  as  possible  of  the 
internal  and  external  saphenous  veins  (one  or  both)  should  be  resected,  describe 
their  technique  as  follows :  For  resection  of  the  internal  saphenous  an  incision  is 
made  from  the  saphenous  opening  to  the  posterior  border  of  the  internal  condyle 
of  the  femur,  and,  after  the  vein  in  this  situation  is  resected  and  the  wound 
sutured,  the  incision  is  continued  to  the  anterior  border  of  the  internal  malle- 
olus. When  there  is  an  ulcer  the  incision  is  arrested  immediately  above  it.  The 
internal  saphenous  is  ligated  at  the  saphenous  opening  at  the  beginning  of  the  oper- 
ation, thus  preventing  the  possibility  of  embolism  from  any  lower  segment  of 
the  vessel  which  might  harbor  a  thrombus.  The  branches  of  the  vein  are  ligated 
and  severed  as  far  as  possible  from  the  main  trunk,  and  search  is  made,  for  a 
distance  of  several  centimetres  internal  to  the  principal  trunk,  for  a  second 
vein  which  sometimes  exists,  and  which  it  is  necessary  to  remove  if  found.  As 
the  vein  is  drawn  from  the  wound  from  above  downward  the  perforating 
branches  are  torn  or  severed  and  require  ligatures.  These  are  of  considerable 
size  in  the  lower  third  of  the  thigh,  where  they  communicate  with  the  femoral 
vein.  In  the  leg  the  lips  of  the  wound  are  separated  from  the  underlying 
parts  for  a  distance  of  4  or  5  centimetres,  in  order  to  expose  the  numerous 
varicose  branches.  These  branches  are  often  difficult  to  separate  from  the 
skin,  owing  to  the  firm  adhesions  resulting  from  chronic  inflammation.  There 
are  cases  in  which  this  difficulty  is  so  great  that  it  is  better  to  resect  a  fusi- 
form strip,  including  the  skin  and  the  veins,  and  extending  the  whole  length 
of  the  leg.  After  the  collaterals  have  been  ligated  as  far  as  possible  from  the 
main  trunk,  the  varicose  mass  is  separated  from  the  aponeurosis  from  above 
downward,  the  perforating  branches  being  ligatured  as  they  are  encountered, 
until  the  lower  end  of  the  incision  is  reached,  where  the  vein  is  cut  between 
ligatures.    The  wounds  are  closed  with  silkworm  gut.   For  the  external  saphenous 

*  Revue  de  chirurgie,  June,  1906. 
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an  incision  is  made  from  a  little  below  the  middle  of  the  popliteal  space  to  a  point 
a  little  above  the  external  malleolus,  toward  the  posterior  portion  of  which  it  is 
directed.  When  an  ulcer  exists  in  the  upper  part  of  the  leg  the  incision  ends 
just  above  the  ulcer  and  recommences  just  below  it.  In  some  of  these  cases, 
instead  of  the  lower  incision,  the  circular  incision  of  Moreschi  is  made  between 
the  ulcer  and  the  malleoli.  Our  own  practice  is  to  make  a  succession  of  small 
incisions  along  the  course  of  the  saphenous  and  to  enucleate  the  vein  beneath 
the  skin  l3'ing  between  the  cuts.  Mayo,  Narath,  and  Babcock  employ  special 
instmments — which,  as  we  believe,  are  unnecessary — to  assist  in  this  subcutane- 
ous enucleation. 

The  indications  for  operation  are:  circumscribed  varicose  tumors  which  are 
giving  trouble;  thin-w^alled  diverticula  which  threaten  to  burst;  ulcers  or 
eczematous  areas  w'hich  refuse  to  heal;  great  pain,  phlebitis,  or  thrombosis; 
the  existence  of  portions  of  the  varix  over  the  crest  of  the  tibia,  where,  as  the 
result  of  injury,  they  may  rupture  or  become  inflamed;  and  the  presence  of  a 
superficial  reflux  as  shown  by  the  Trendelenburg  test.  Without  regard  to  the 
general  condition  of  the  patient  operation  is  contra-indicated  when  a  superficial 
varix  is  compensatory  to  thrombosis  of  the  deep  veins,  since  this  would  lead 
to  permanent  oedema.  Cases  in  which  elastic  compression  fails  to  ameliorate 
the  S}Tiiptoms  (excepting  irritation  of  the  skin)  are  not  suitable  for  operation. 

The  type  of  operation  to  be  employed  varies  '^ith  the  type  of  disease  present. 
In  a  circumscribed  varicose  tumor  excision  should  be  practised,  and  in  such 
cases  the  results  are  excellent.  When  the  disease  is  more  extensive  we  still 
believe  excision  to  be  the  best  treatment,  the  amount  of  vein  tissue  to  be  removed 
depending  upon  the  extent  of  the  disease.  Thus,  it  may  be  necessary  to  remove 
only  the  affected  portion  of  the  saphenous  in  the  leg,  or  it  may  be  necessary  to 
extirpate  the  entire  internal  saphenous  from  the  groin  to  the  ankle.  In  the 
worst  cases  both  internal  and  external  saphenous  veins  may  be  completely 
extirpated.  These  operations  are  the  most  radical  and  the  most  Hkely  to  be 
followed  by  permanent  relief.  Statistics  are  not  sufficiently  voluminous  to  war- 
rant us  in  speaking  definitely  of  the  number  of  recurrences  that  may  be  expected 
after  total  extirpation,  but  that  such  will  be  very  small,  and  that  the  operation 
wiU  again  become  necessary  only  after  a  long  period,  there  can  be  little  doubt. 
The  garter  operation  of  Schede  or  Moreschi  has  undoubtedly  assisted  in  the 
healing  of  varicose  leg  ulcers,  but  after  a  longer  or  shorter  interval  the  ends 
of  the  severed  veins  are  reunited  by  newly  formed  vessels.  Trendelenburg's 
operation  is  indicated  only  when  the  circulation  in  the  saphenous  vein  is  re- 
versed. In  other  cases  it  is  harmful.  It  should  be  emphasized  that  valvular 
insufficiency  may  be  present,  as  shown  by  impulse  on  coughing  and  by  the 
transmission  of  fluctuation  over  a  long  segment  of  the  vein,  without  reversal 
of  the  circulation,  the  manner  of  demonstrating  which  has  already  been  described 
by  us.  Ledderhose  says  that  nomially  the  valves  are  not  competent  and  only 
parth^  support  the  blood-column,  but  that  they  prevent  reflux  into  the  side 
branches,  as  they  are  generally  found  just  distal  to  the  mouths  of  large  collaterals.* 

*  Centralblatt  f.  Chirurgie,  1906,  p.  1903. 


THE  PERICARDIUM,   HEART,   AND   BLOOD-VESSELS.         321 

In  cases  in  which  it  is  iiuheated  tho  Trendelenburg  operation  causes  immediate 
disappearance  or  marked  diminution  in  the  symptoms  in  about  eight}'-  per  cent 
of -the  cases,  the  proportion  gradually  diminishing  with  the  lapse  of  years,  owing 
to  reestablishment  of  the  circulation  through  the  saphenous  vein.  Of  the  recent 
statistics  published  on  this  subject  those  of  Goerlich  may  be  cited  as  showing 
the  average  results.*  In  only  27.54  per  cent  were  there  no  objective  symptoms. 
In  all  others  there  were  either  subjective  symptoms  or  reestablishment  of  the 
circulation.  Speaking  in  round  numbers  the  circulation  was  reestablished  by 
varices  in  the  scar  in  34  per  cent,  by  dilated  collaterals  in  30  per  cent,  and  by 
regeneration  of  the  saphenous  itself  in  2  per  cent.  In  spite  of  these  bad  objective 
results,  over  one-third  of  the  patients  were  much  improved,  and  only  about  16 
per  cent  showed  no  improvement.  The  good  results  were  most  numerous  in 
cases  observed  within  the  two  j'ears  immediately  following  the  operation,  and 
fairly  infrequent  between  the  third  and  twelfth  years  after  operation  (6  out  of 
53  operations).  Vianna3^,j-  in  a  critical  study  of  the  Trendelenburg  operation, 
speaks  of  the  reported  cases  of  reestablishment  of  the  venous  circulation  after 
ligation  or  limited  resection  of  the  internal  saphenous,  and  states  that  the  inter- 
nal saphenous  vein  is  normally  double  in  6.5  per  cent  of  the  cases,  and  that  there 
is  a  large  collateral  canal  in  almost  half  of  the  cases.  This  auxiliary  vein  varies 
from  16  to  37  cm.  in  length  and  generally  arises  from  the  internal  saphenous  in 
the  upper  third  of  the  leg,  rejoining  the  same  vein  in  the  thigh  at  a  height 
varying  with  the  subjects.  This  canal  is  generally  more  superficial  and  more 
anterior  than  the  principal  trunk,  and  not  infrequently  it  curves  forward  to 
embrace  the  internal  condyle  of  the  femur.  Mamiay  concludes  that  the  only 
point  at  which  ligation  can  -^ith  certainty  suppress  the  circulation  through  the 
internal  saphenous  vein  is  in  Scarpa's  triangle.  The  only  exception  to  this  rule 
is  the  existence  of  a  double  saphenous.  In  this  region  both  trunks  generally 
run  close  together  and  will  be  discovered  by  a  surgeon  who  keeps  this  possi- 
bilit}^  in  mind. 

Delbet  has  recently  suggested  transplanting  the  internal  saphenous  into  the. 
femoral  below  a  normally  functioning  valve  of  the  latter,  for  the  treatment  of 
cases  in  which  the  valve  at  the  mouth  of  the  saphenous  is  incompetent. 

Treatment  of  Complications. — ^Rupture  of  a  superficial  varix  is  treated  by 
immediate  pressure  over  the  bleeding  point  and  elevation.  If  a  large  vein  has 
been  opened  it  should  be  ligated.  Rupture  of  a  deep  varix,  in  the  muscles  of 
the  calf,  for  instance  {coup  defouet),  is  treated  by  elevation  of  the  leg,  the  appli- 
cation of  an  evaporating  lotion,  and  moderate  compression  with  a  bandage. 
Phlebitis,  when  of  the  suppuratiAT  variety,  should  be  treated  by  resection  of 
the  inflamed  vein,  in  order  to  prevent  embolism.  The  operation  should  be 
preceded  by  Hgation  of  the  internal  saphenous  near  the  saphenous  opening.  Ex- 
udative phlebitis  or  non-suppurative  thrombosis  has  been  treated  in  a  similar 
mamier  by  a  number  of  surgeons.  As  embolism  is  rare  in  these  cases  we  have 
always  adopted  the  conservative  plan,  belie^ing  the  thrombosis  to  be  no  more 
dangerous  than  excision  of  the  inflamed  veins,  which  is  followed  by  embolism  in 

*  Beitraege  z.  klin.  Chir..  Bd.  Ixxiv..  p.  27S.  t  Revue  de  chirurgie,  Jan.,  lS9o. 
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probably  one  or  two  per  cent  of  the  cases.     The  treatment  of  ulceration  is  given 
in  Volume  II.,  and  that  of  club-foot  in  Volume  IV. 


IX.   INJURIES   OF   VEINS. 

Injviries  of  veins  may  be  simple  contusions  or  actual  solutions  of  continuity 
(lacerated,  punctured,  or  incised  wounds). 

Contusion  of  Veins. — By  contusion  we  mean  an  injury  produced  by  blunt 
force  which  does  not  sever  the  outer  coat. 

Etiology. — Xonnal  veins  are  rarely  seriously  damaged  by  contusion  unless 
it  be  of  a  violent  degree.  Diseased  veins,  such  for  instance  as  are  found  in  varix, 
are  more  easily  affected,  and  only  a  slight  contusion  may  be  sufficient  to  cause 
thrombo-phlebitis.  Extensive  denudation  of  veins,  such  as  is  often  practised 
in  modern  surgical  operations,  is  rarely  followed  by  e\'il  consequences,  although 
in  pre-antiseptic  times  phlebitis,  thrombosis,  sloughing  of  the  vein,  and  secondary- 
hemorrhage  were  not  infrequently  observed  as  the  result  of  infection.  Contusion 
of  veins  by  \dolent  and  prolonged  retraction  of  the  edges  of  a  wound  is  thought 
by  some  to  be  responsible  for  the  phlebitis  which  is  occasionally  seen  after 
aseptic  operations.  Vemeuil  *  emphasizes  the  fact  that  thrombosis  and  phlebitis 
of  the  femoral  vein  may  occur  as  a  sequel  of  prolonged  compression  at  the  root 
of  the  thigh  in  the  treatment  of  aneurv-sm.  Crushes,  fractures,  gunshot  wounds, 
and  like  injuries  are  those  most  apt  to  be  associated  with  contusions  of  the  large 
veins.  We  should  note,  however,  that  the  modern .  military  bullet,  imless  the 
range  be  very  great  or  the  velocity  diminished,  will  sever  rather  than  contuse 
the  blood-vessel  which  it  strikes.  In  those  who  are  hanged,  both  the  arteries 
and  the  veins  may  suffer  contusion. 

Pathology. — ^The  mildest  form  of  contusion  causes  a  httle  ecchjTnosis  of  the 
waU  of  the  vessel  or  perhaps  a  minute  hsematoma,  but  this,  in  the  absence  of 
infection,  produces  no  untoward  effects.  In  the  severer  forms  the  intima  is 
ruptured  and  thrombosis  follows.  Although  the  endovein  is  the  most  delicate 
part  of  the  vessel  and  generally  the  first  to  jdeld  to  a  contusion,  this  predis- 
position is  not  as  marked  as  in  the  arteries.  The  same  may  be  said  of  the  middle 
coat.  The  explanation  offered  for  this  is  that -the  middle  coat  of  the  veins 
contains  less  muscle  and  more  connective  tissue  than  that  of  the  arteries,  and 
merges  with  the  internal  coat,  being  less  shari3ly  differentiated  from  it  than  in 
the  arteries.  The  extent  of  the  thrombosis  depends,  not  only  upon  the  \dolence 
of  the  injury,  but  also  upon  the  previous  condition  of  the  walls  of  the  vein,  the 
presence  or  absence  of  infection,  the  rapicUty  of  the  venous  circulation,  and  the 
composition  of  the  blood.  With  a  minute  crack  in  the  intima  only  a  small  mural 
thrombus  may  fonn,  or,  if  the  conditions  are  favorable  to  thrombosis,  the  vessel 
may  be  obliterated  by  clot.     (See  section  on  Thrombosis.) 

As  we  have,  because  of  its  greater  importance,  dealt  more  fully  wdth  the 
pathology  of  contusions  of  arteries,  many  features  of  which  are  similar  to  those 

*  "Memoires  de  chir.,"  t.   ii.,  p.  15. 
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of  the  veins,  we  shall  refm-  the  ri'atler  to  the  former  for  additional  facts  con- 
eeriiing  the  effects  of  l)luiit  \i()lencc  on  blood-vessels. 

"  Symptoms. — Aside  from  shock  and  complicating  lesions,  a  contusion  of  a 
vein  resulting  in  thrombosis  causes  sjTiiptoms  referable  to  the  venous  obstruc- 
tion, wliich  s}miptoms  we  have  already  noted  in  the  section  on  thrombosis  and 
phlebitis.  Gangrene  of  the  wall  of  the  vein,  which  is  seen  most  often  after  gun- 
shot wounds,  may  cause  secondary-  hemorrhage  when  the  slough  separates,  but 
only  in  the  presence  of  infection,  which  licpefies  the  thrombus.  In  the  absence 
of  infection  the  de\'italized  venous  wall  separates  slowly  and  only  after  the  vessel 
has  been  obliterated  b}'  an  organizing  clot. 

Trk\t:mext. — The  treatment  of  obliteration  of  a  vein  the  result  of  contusion 
is  that  of  plilebitis. 

Lacerated  and  Incised  Wounds  of  Veins. — Woimds  of  veins  of  this  nature 
are  di^'ided  into  two  classes,  according  to  whether  they  penetrate  the  vein  or  not. 

Xon-penetrating  Wounds. — Xon-penetrating  wounds  invohing  the  outer 
coat  or  the  outer  and  middle  coats  of  a  vein  are  rarely  seen  by  the  surgeon,  and 
probably  heal  without  causing  any  serious  alteration  in  the  vessel.  In  the 
presence  of  sepsis,  however,  ulceration  and  secondary  hemorrhage  are  possi- 
biUties.  Voudey  reports  a  case  of  incomplete  wound  of  the  internal  jugular 
in  which  the  internal  tunic  was  forced  outward  in  the  form  of  a  hernia. 

Penetrating  Wounds. — Penetrating  wounds  of  veins  ma}'  be  punctured, 
incised,  or  lacerated  (mptures  and  most  gunshot  wounds). 

Punctured  wounds  may  be  produced  in  the  same  way  as  similar  wounds  of 
arteries,  which  subject  has  already  been  considered  in  detail.  A  vein  is  some- 
times dehberately  punctured  in  order  to  withdraw  blood  or  inject  medicaments. 
In  the  finest  punctm^es  the  hemorrhage  is  shght  and  soon  ceases  spontaneously. 
Larger  pmictures  are  either  incised  or  lacerated  wounds.  The  mechanism  of 
hsemostasis  after  a  pmicture  of  a  vein  is  smiilar  to  that  already  described  for 
punctured  wounds  of  arteries. 

Incised  wounds  hkewise  are  produced  by  injuries  smiilar  to  those  causing 
incised  wounds  of  arteries.  The  woimd  may  be  longitudinal,  oblique,  or  trans- 
verse, and  the  last  may  be  complete  or  incomplete.  The  effect  of  the  direction 
and  extent  of  these  wounds  has  been  sufficiently  emphasized  in  the  section  on 
Injuries  of  Arteries.  Spontaneous  hsemostasis  is  effected  in  much  the  same 
way  as  after  arterial  womids.  The  process  takes  place  more  quickly,  however, 
after  venous  wounds,  owing  to  the  lower  blood-pressure,  the  presence  of  valves, 
and  the  composition  of  venous  blood,  all  of  wliich  favor  thrombosis.  After 
complete  section  retraction  of  the  ends  of  the  vessel  is  due  to  its  elasticity; 
contraction  of  the  open  mouths  is  due  largely  to  the  elastic  tissue  in  the  vein, 
muscle  fibres  being  much  less  abundant  than  in  the  arteries.  The  effects  of 
contraction  of  the  surrounding  muscular  tissue  is  more  marked,  however,  owing 
to  the  fact  that  the  venous  walls  are  thinner  and  less  resistant.  Curiing  up 
of  the  inner  coats  is  less  marked  than  in  the  arteries.  Contraiy  to  that  which 
obtains  in  a  severed  artery,  the  clot  in  the  peripheral  venous  segment  is  habitu- 
ally longer  and  more  important  than  that  in  the  central  segment ;  indeed,  in  the 
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latter  a  clot  is  sometimes  absent.  Tlie  central  end  of  a  severed  vein  promptly 
ceases  to  bleed  when  the  valves  above  are  competent,  unless  a  large  collateral 
joins  this  segment  below  the  lowest  valve.  When  the  valves  are  incompetent, 
as  in  varix,  or  absent,  as  in  the  jugular,  hemorrhage  from  the  central  end  may 
be  as  great  or  greater  than  that  from  the  peripheral  end.  Persistence  of  hem- 
orrhage is  favored  by  alterations  in  the  venous  wall  such  as  are  found  in  varix, 
in  which  the  veins  remain  gaping  because  of  their  rigidity,  and  in  which  contrac- 
tion and  retraction  are  sometimes  impossible.  Hsemostasis  is  hindered  also  by 
normal  adherence  of  the  wall  of  the  vein  to  surrounding  resistant  tissues,  such 
as  occurs  in  bones,  at  the  base  of  the  neck,  and  in  the  cranial  sinuses.  Any 
condition  which  raises  the  venous  blood-pressure  delays  hgemostasis — e.g., 
compression  between  the  wound  and  the  heart,  cardiac  disease,  and  interference 
with  respiration.  Movements  of  course  tend  to  dislodge  the  clot,  and  infection 
may  cause  its  softening.  Peraianent  hsemostasis  is  the  result  of  displacement  of 
the  clot  by  fibrous  tissue  (p.  225).  In  lateral  incised  wounds,  which  heal  with 
preservation  of  the  lumen  of  the  vein,  the  cicatrix  is  finally  lined  by  a  layer  of 
endothelium. 

Lacerated  wounds  are  caused  by  tearing  and  crushing  accidents,  by  gunshot 
wounds,  particularly  those  due  to  the  leaden  bullet,  and  by  ruptures  of  veins. 
Lacerated  wounds  of  a  vein  caused  by  tearing  are  frequent  in  the  course  of 
surgical  operations,  especially  those  in  which  tumors  are  removed  by  enucleation 
or  by  blunt  dissection.  Tearing  enters  into  the  production  of  lacerations 
following  injuries  by  crushing,  explosives,  and  the  reduction  of  dislocations. 
When  a  vein  is  torn  asunder  the  two  inner  coats  yield  at  the  same  level  and 
retract  only  slightly,  the  outer  coat,  according  to  Nicaise,  projecting  two  or 
three  millimetres  beyond  the  inner  coats.  There  is  not  the  same  tendency 
toward  curling  up  of  the  inner  coats  as  occurs  in  the  arteries,  although  hsemostasis 
is  more  prompt,  for  the  reasons  already  given.  The  general  facts  relating  to 
lacerations  of  vessels  due  to  crushes,  gunshot  wounds,  and  fractures  and  dis- 
locations have  been  given  in  the  section  on  Wounds  of  Arteries.  Ruptures  of 
veins  occur  in  every  severe  contusion  of  the  soft  parts,  giving  rise  to  an  ecchy- 
mosis  or  a  hsematoma.  Rupture  of  the  minute  veins  of  the  face  and  neck  may 
be  caused  by  violent  compression  of  the  thorax  and  abdomen  (traumatic  as- 
phyxia) .  Rupture  of  the  inferior  vena  cava,  renal  vein,  portal  vein,  and  other 
abdominal  veins  has  followed  severe  contusions.  Spontaneous  rupture  without 
traumatism  is  possible  only  in  diseased  veins,  e.g.,  varicose  veins  in  various  parts 
of  the  body. 

Symptoms. — The  symptoms  of  venous  wounds  are  general  and  local. 

The  general  symptoms,  when  a  large  amount  of  blood  has  been  lost,  are  those 
of  acute  anaemia.     (See  p.  232.) 

The  local  symptoms  vary  according  to  whether  the  wound  in  the  vein  com- 
municates with  the  exterior  or  is  subcutaneous. 

Venous  w^ounds  communicating  freely  with  the  exterior  are  characterized 
by  a  flow  of  dark  blood,  which,  when  issuing  from  the  larger  veins,  may  take 
place  in  the  form  of  a  jet.     This  jet  is  always  less  pronounced  than  the  spurt 
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from  a  woiindod  artery  of  {•ori'cspoiidiiii^  si^cc,  unless  the  intravenous  blood- 
pressure  is  markedly  augmented  as  the  result  of  obstruction  to  the  venous 
circulation.  Although  the  flow  is  generally  continuous  and  unremitting,  under 
certain  circumstances — e.g.,  as  the  result  of  deep  expiration,  straining  efforts, 
or  muscular  contractions — it  is  augmented  at  intervals,  but  this  augmentation 
does  not,  as  in  arterial  bleeding,  correspond  with  the  systole  of  the  heart.  Rarely, 
the  blood  may  be  red  and  escape  in  jets  synchronous  with  cardiac  systole. 
Change  in  color  is  observed  in  certain  intense  fevers  in  which  the  circulation  is 
so  active  that  the  blood  does  not  remain  in  the  capillaries  long  enough  to  be 
transformed,  in  marked  dilatation  of  the  capillaries  the  result  of  nervous  in- 
fluences, and  toward  the  end  of  a  severe  hemorrhage,  owing  to  the  more  free 
access  afforded  to  the  blood  by  the  empty  veins  below  the  wound.  (Duplay.) 
A  pulsating  jet  may  be  caused  by  an  underlying  artery,  or  by  an  abnormal 
communication  between  an  artery  and  a  vein.  With  the  exceptions  noted 
above  {i.e.,  incompetent  or  absent  valves  and  the  opening  of  a  large  collateral 
into  the  vein  between  the  wound  and  the  lowest  valve)  the  central  end  of  the 
vein  soon  ceases  to  bleed.  Bleeding  from  the  peripheral  end  likewise  soon 
ceases  if  the  vein  is  a  small  one,  but  when  the  vein  is  large  and  even  when  it  is 
small  if  the  wound  remains  gaping  because  of  alterations  in  the  vessel-walls  or 
of  anatomical  disposition,  the  hemorrhage  continues  unless  means  are  taken  to 
check  it.  Proximal  pressure  on  the  vein  in  a  lateral  wound  increases  the  bleed- 
ing; distal  pressure  staunches  it.  In  varix,  however,  in  which  the  blood  flows 
peripherally  instead  of  centrally,  the  reverse  is  true.  Moderate  circular  con- 
striction of  a  limb  above  a  wounded  vein  increases  the  bleeding  even  if  the  vein 
is  completely  severed;  tight  constriction  always  checks  it,  at  least  after  the 
peripheral  venous  segment  and  its  tributaries  have  emptied  themselves. 

The  size  of  the  escaping  stream  of  blood  varies  according  to  the  size  of 
the  vessel,  the  character  (incised,  lacerated,  etc.)  and  direction  (longitudinal, 
transverse,  etcO  of  the  wound,  the  disposition  of  the  soft  parts  about  the  wound, 
the  proximity  to  the  heart,  and  the  presence  and  competency  of  the  valves. 
Wounds  of  the  main  veins  at  the  base  of  the  neck  and  roots  of  the  limbs,  and 
of  the  large  thoracic  and  abdominal  veins,  may  cause  rapid  death. 

"When  the  wound  in  the  soft  parts  is  minute  or  occluded  by  clot  or  b}^  other 
means,  the  local  symptoms  are  those  of  a  subcutaneous  wound  of  a  vein. 

Subcutaneous  wounds  of  veins  the  result  of  stab  wounds,  gunshot  wounds, 
accidental  injury  with  a  tenotome,  the  reduction  of  a  fracture  or  dislocation, 
the  rupture  of  a  deep  varix,  etc.,  cause  bleeding  into  the  tissues  or  into  one  of 
the  cavities  of  the  body.  When  the  blood  escapes  into  the  tissues  (interstitial 
hemorrhage),  it  either  infiltrates  more  or  less  uniformly  the  surrounding  parts 
and  ultimately  reaches  the  skin,  where  it  appears  as  an  ecchjmiosis,  or  it  forms 
a  n^ematoma.  In  either  event  there  are  pain  and  swelling,  and  the  compression 
exerted  by  the  extravasated  blood  may  induce  special  symptoms  according  to 
its  situation — e.g.,  obliteration  of  the  artery  and  gangrene,  in  the  extremities; 
cerebral  disturbances,  in  the  cranium;  dyspnoea  and  dysphagia,  in  the  neck; 
etc.     The  amount  of  blood  extravasated  varies  with  the  size  of  the  vessel  in- 
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jured  and  the  construction  of  the  part.  In  lax  tissues  Hke  the  scrotum  and 
eyelids  it  is  generally  extensive;  in  dense  tissues  like  the  scalp  it  is  usually  slight. 
It  is  apt  to  be  excessive  in  those  who  are  delicate,  in  females,  and  in  persons 
affected  with  haemophilia  or  some  allied  condition,  and  less  marked  in  the 
robust.  The  blood  in  an  ecchymosis  is  ultimately  disintegrated  and  absorbed. 
A  hsematoma  is  surrounded  by  a  deposit  of  fibrin  so  that  the  edges  feel  hard  and 
the  centre  soft;  it  may  be  absorbed,  converted  into  a  fibroid  mass,  undergo 
inspissation  and  calcification,  or  result  in  a  cyst,  or  it  may  become  infected  and 
suppurate.  A  hsematoma  overlying  an  artery  may  pulsate,  but  the  pulsations 
are  never  expansile  in  character. 

Venous  hemorrhage  (internal  hemorrhage)  into  one  of  the  large  cavities  of 
the  body  {e.g.,  pleural  or  peritoneal)  is  much  more  serious  than  an  interstitial 
hemorrhage,  as  here  even  a  comparatively  small  vein  may  continue  to  leak  for 
hours  or  even  days.  The  signs  are  those  of  effusion  into  the  affected  cavity,  and 
the  general  symptoms  are  those  of  acute  ansemia.  If  the  hemorrhage  is  not 
sufficiently  great  to  cause  death  the  blood  may  remain  fluid  for  days.  Ulti- 
mately it  is  absorbed,  infected,  or  converted  into  adhesions. 

Complications. — The  complications  of  venous  wounds  are  simultaneous 
injury  of  the  accompanying  artery,  air  embolism  (p.  195),  clot  embolism 
(p.  183),  phlebitis  (p.  297),  and  recurrent  and  secondary  hemorrhage.  The 
features  of  the  last  have  been  sufficiently  emphasized  in  the  section  on  Injuries 
of  Arteries.  It  is  unnecessary  to  detail  the  various  lesions  of  nerves,  muscles, 
bones,  and  viscera  which  may  compHcate  wounds  of  the  various  veins. 

Diagnosis. — The  diagnosis  of  venous  hemorrhage  from  arterial  hemorrhage 
has  been  given  in  the  section  on  Arterial  Wounds. 

Treatment. — The  treatment  of  wounds  of  veins  is  to  control  the  hemorrhage 
and  combat,  when  necessary,  the  constitutional  effects  of  the  loss  of  blood. 
The  means  for  dealing  with  the  latter  have  been  given  in  the  section  devoted  to 
Arterial  Wounds. 

Wounds  of  smaller  veins  which  are  exposed  to  the  air  generally  cease  to 
bleed  spontaneously.  When  such  wounds  continue  to  bleed  it  is  usually  the 
result  of  disease  of  the  vessel-walls,  alterations  in  the  constitution  of  the  blood, 
or  augmentation  of  the  blood-pressure.  The  last  is  often  seen  in  the  course  of 
surgical  operations  as  the  result  of  partial  asphyxia,  troublesome  venous  hem- 
orrhage ceasing  after  the  jaw  has  been  pulled  forward  and  the  patient  allowed 
to  breathe  freely.  It  is  hardly  necessary  to  point  out  the  importance  of  removing 
constrictions  above  a  part  from  which  venous  bleeding  is  taking  place — as,  for 
example,  a  circular  garter  in  a  bleeding  varicose  ulcer.  In  certain  forms  of 
bleeding  cold,  heat,  styptics,  and  elevation,  as  pointed  out  under  Arterial 
Hemorrhage,  may  be  employed.  It  is  our  intention  here  to  speak  only  of 
wounds  of  the  larger  veins,  for  which  the  surgeon  has  at  his  command  (1)  com- 
pression, (2)  forcipressure,  (3)  torsion,  (4)  ligation,  and  (5)  suture  of  the  vessel. 

''1)  Compression. — Direct  digital  compression  should  be  employed  in  wounds 
of  the  largest  veins  for  the  immediate  control  of  the  hemorrhage,  the  pressure 
being  maintained  until  some  means  of  permanent  hsemostasis  can   be  devised. 
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Firm  gauze  packing,  or  tampoimement,  is  capable  of  checking  any  venous 
hemorrhage.  It  is  a  method  which,  although  easily  and  quickly  applied, 
necessitates  an  open  wound,  thus  favoring  infection  and  lengthening  convales- 
ence.  Moreover,  it  increases  the  amount  of  cicatricial  tissue,  thus  causing,  in 
many  instances,  adhesions  between  important  structures.  It  should,  therefore, 
with  important  exceptions,  be  used  only  as  a  temporaiy  measure,  the  individual 
vessels  being  secured  with  haemostatic  forceps  as  the  packing  is  gradually  re- 
moved. When,  in  a  large  freely  bleeding  cavity,  the  time  and  additional  loss  of 
blood  necessary  for  securing  a  large  number  of  small  vessels  seem  to  be  more 
weighty  objections  than  the  disadvantages  just  mentioned,  gauze  packing  may 
be  considered  the  best  means  for  controlling  hemorrhage.  In  wounds  of  the 
cerebral  sinuses  gauze  packing  is  regularly  employed  by  most  surgeons  in  prefer- 
cence  to  other  means  of  hsemostasis,  owing  to  its  efficiency  and  the  ease  with 
which  it  may  be  applied.  Here  and  elsewhere,  when  used  for  wounds  of  major 
veins,  the  tampon  should  remain  in  place  at  least  a  week,  and  then  be  removed 
slowly  and  carefully,  after  having  been  saturated  wdth  salt  solution  or  diluted 
hydrogen  dioxide,  fresh  gauze  being  in  readiness  to  pack  into  the  wound  in  case 
the  bleeding  recurs.  Other  methods  of  direct  pressure  have  been  described  in 
the  section  on  Arterial  Wounds.  In  the  same  place  are  mentioned  the  various 
forms  of  indirect  pressure  for  controlling  hemorrhage,  -uith  their  disadvantages. 
The  effects  of  proximal  and  distal  pressure  on  venous  bleeding  have  been  pointed 
out  above.  In  this  place  we  need  only  repeat  that,  in  the  presence  of  a  freely 
bleeding  wound,  one  does  not  stop  to  diagnosticate  with  precision  the  source  of 
hemorrhage  but  controls  it  at  once  by  direct  pressure,  which  is  maintained — 
whether  the  bleeding  comes  from  an  artery  or  from  a  vein,  or  from  both — 
until  more  pennanent  methods  of  hsemostasis  can  be  appHed. 

(2)  Forcipressure  and  (3)  Tordon. — The  indications  for  forcipressure  and 
torsion,  in  complete  sections  of  veins,  are  identical  ^ith  those  which  apply  in 
case  of  arteries.  Small  lateral  wounds  are  sometimes  closed  with  forceps  (lat- 
eral forcipressure)  which  are  allowed  to  remain  in  place  twenty-four  hours,  the 
idea  being  to  secure  hsemostasis  without  intermpting  the  blood-current.  We 
beheve  the  method  to  be  indicated  only  when,  in  a  small  wound  of  an  important 
vein,  a  lateral  ligature  or,  better,  a  suture  cannot  be  apphed. 

(4)  Ligation. — Ligation  is  the  usual  and  most  certain  method  for  controlling 
hemorrhage  from  veins.  The  remarks  on  the  material  to  be  employed  and  on 
the  technique  of  ligation  made  in  the  section  on  ligation  of  arteries,  applies  with 
equal  force  to  ligation  of  veins.  0\^•ing  to  the  freedom  of  collateral  circulation, 
ligation  in  continuity  for  venous  hemorrhage  .should  not  be  employed.  The 
vein  must  be  occluded  at  the  bleeding  point.  The  vein  may  be  totally  occluded 
by  a  circumferential  hgature,  or,  in  suitable  cases,  the  wound  in  the  vein  may  be 
occluded  by  a  lateral  ligature,  without  interrupting  the  blood-current. 

Total  or  circimiferential  ligature  of  the  main  venous  channels  was  regarded, 
before  the  antiseptic  era,  as  a  fomiidable  operation,  owing  to  the  frequency  of 
phlebitis,  secondary-  hemorrhage,  and  gangrene.  In  1826  Gensoul  suggested 
that,  when  necessan'  to  tie  the  femoral  vein,  the  femoral  arters'  be  ligated  at  the 
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same  time,  in  order  to  equalize  the  pressure  between  the  arteries  a"nd  veins  of 
the  lower  extremity  and  thus  prevent  gangrene.  Langenbeck  thought  that 
this  operation  was  not  only  less  likely  to  be  followed  by  gangrene,  but  was  also 
much  more  certain  to  control  the  bleeding.  These  ideas  were  accepted,  par- 
ticularly by  German  surgeons,  who  went  so  far  as  to  ligate  even  the  carotid 
artery  in  wounds  of  the  jugular  vein.  As  early  as  1852,  however,  Cruveilhier  * 
protested  against  this  practice,  stating  that  there  did  not  exist  a  single  jDOsitive 
case  of  gangrene  following  venous  obliteration.  In  35  cases  of  ligature  of  the 
femoral  vein  Niebergall  f  found  1  case  of  gangrene ;  in  24  cases  of  simultaneous 
ligation  of  the  artery  and  vein  he  found  14  cases  of  gangrene.  Franz  %  found 
2  cases  of  gangrene  in  54  cases  of  ligation  of  the  femoral  vein.  In  40  cases 
collected  by  Rageryoma  gangrene  did  not  occur  in  a  single  instance;  (Hoepfner.) 
At  the  present  time  it  may  be  confidently  asserted  that,  with  normal  vessels  and 
in  the  absence  of  infection,  ligation  of  the  miain  veins  of  the  limbs  is  a  benign 
operation  which  is  not  followed  by  gangrene.  In  all  cases,  however,  of  ligation 
of  the  axillary,  femoral,  and  external  iliac  veins  which  we  have  had  a  chance  to 
observe,  there  has  been  transient  or  permanent  oedema.  Ligation  of  the  internal 
jugular  generally  causes  a  little  oedema  about  the  jaws  and  neck  and  occasion- 
ally transient  headache.  Dangel  §  reports  a  case  in  which,  during  the  removal 
of  carcinomatous  lymph  nodes,  both  internal  jugulars  were  ligated.  For  only 
ten  minutes  were  there  cyanosis  and  quickening  of  the  pulse;  in  this  case, 
however,  the  collaterals  had  been  dilated,  owing  to  the  pressure  of  the  growth 
on  the  jugular.  Depage  ||  has  ligated  with  success  both  internal  jugulars, 
allowing  a  month  between  the  operations.  Morestin,^  in  a  similar  operation, 
saw  immediately  after  the  second  ligation  marked  cyanosis,  which  was  followed 
by  death  in  a  few  minutes.  Ligation  of  the  jugular  near  the  base  of  the  skull, 
which  suppresses  the  collateral  circulation  through  the  neck,  and  simultaneous 
ligation  of  both  jugulars  must  be  regarded  as  a  serious  operation  capable  of 
causing  cerebral  oedema  and  death.  Simultaneous  ligation  of  the  internal 
jugular,  the  subclavian,  and  the  innominate  veins  has  been  done  four  times 
without  ill  effects.** 

The  inferior  vena  cava  was  first  ligated  by  Bottini.  Other  cases  have  been 
reported  by  Zoege-Manteufel,  Heresco,  Albarran,  Goldmann  ft  Houze.Jt  Hart- 
mann,  §§  Draudt,  ||  ||  and  Delaunay.*[[T[  Seven  of  these  cases,  in  all  of  which 
the  vein  was  accidentally  wounded  during  an  operation,  recovered.  In  the  suc- 
cessful cases  there  is  more  or  less  oedema  of  the  legs  and  dilated  veins  appear  on 

*  Schwartz,  in  "Traite  de  ehir."  par  Le  Dentu  et  Delbet,  tome  iv. 

t  Deutsche  Zeitschr.  f.  Chir.,  Bd.  xxxvii.,  p.  268. 

X  Deutsche  militararj-^tl.  Zeitschr.,  1903,  No.  9. 

§  Beitraege  z.  klin.  Chir.,  Bd.  xlvi.,  p.  495. 

II  Rev.  de  chir.,  Nov.,  1906, p.  618.  If  Same  Ref.,  p.  617. 

** Goldmann,  in  Lancet,  London,   Jan.   13th,  1906. 

tt  Lancet,  Jan.  13th,  1906. 

XX  Archiv.  prov.  de  chir.,  1905,  No.  9. 

§§  Bull,  et  mem.  de  la  soc.  de  chir.  de  Paris,  t.  xxx.,  p.  57. 

Jl  II  Deutsche   Zeitschr.  f.  Chir.,  Bd.  Ixxxiii.,  p.  109. 

^Tf  Rev.  de  chir.,  Nov.,  1906,  p.  625. 
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the  abdomen.  The  operation  is  indicated  only  when  the  hgature  can  be  apphed 
below  the  origin  of  the  renal  veins,  although  Tuffier  believes  that  ligation  above 
this  point  would  not  necessarily  cause  trouble;  at  all  events,  he  has  often  ex- 
perimentally tied  the  renal  vein  without  finding  changes  in  the  corresponding 
kidney.  Meyer  *  has  in  dogs  severed  the  vena  cava  above  the  renal  veins  and 
implanted  the  distal  end  into  the  portal  vein.  Neither  sugar  nor  albumin 
api)eared  in  the  urine.  The  suggestion  may  prove  of  value  in  the  treatment  of 
wounds  of  the  vena  cava  in  this  situation. 

Ligation  of  the  normal  portal  vein  is  followed  by  gangrene  of  the  liver  and 
death.  When,  however,  the  vein  has  been  gradually  narrowed,  as  by  a  tumor, 
so  that  a  collateral  circulation  may  be  established,  ligation  can  be  perforaied 
wdth  safety.  This  statement  is  fortified  by  the  case  of  Brewer,|  and  by  that  of 
Gies.J  Zianu  §  suggests  lateral  anastomosis  between  the  inferior  vena  cava 
and  the  superior  mesenteric  vein  when  it  is  necessary  to  tie  the  portal  vein  or 
the  vena  cava  above  the  origin  of  the  renals. 

Ligation  of  the  superior  or  inferior  mesenteric  vein  causes  hemorrhagic 
infarction  and  gangrene  of  the  intestine.  In  1897,  however,  Mayo  Robson  tied 
the  superior  mesenteric  vein  near  its  origin  for  an  accidental  wound.  The 
patient  recovered  w^ithout  exhibiting  any  untoward  effects. 

Although  only  the  peripheral  segment  of  a  divided  vein  be  found  bleeding, 
both  ends,  at  least  of  large  veins,  should  be  ligated,  thus  preventing  the  entrance 
of  air  during  the  operation  and  of  fat  or  micro-organisms  after  the  operation. 

Effects  of  Ligation. — According  to  Nicaise  ligation  of  a  vein  does  not  cause 
rupture  of  any  of  the  coats.  Oilier,  however,  aflfirms  that  the  middle  coat  is 
ruptured  by  the  ligature.  We  believe  that  it  would  be  rather  difficult  safely  to 
ligate  a  vein  ^dthout  injuring  the  intima  and  at  least  contusing  the  media.  The 
vein  is  compressed  into  an  infinite  number  of  folds.  A  thrombus  forms  in  the 
peripheral  segment  and  extends  as  far  as  the  first  collateral  branch,  being  finally 
replaced  by  fibrous  tissue  in  the  manner  already  described.  The  clot  in  the 
proximal  segment  is  much  shorter,  and  indeed  may  be  absent.  As  in  the 
arteries,  it  is  possible  to  secure  obliteration  of  the  vein  by  adhesive  phlebitis 
without  thrombosis.  Again,  as  the  result  of  infection  there  may  be  induced  a 
progressive  thrombo-phlebitis  which  blocks  most  or  all  of  the  veins  of  a  limb. 
This  was  the  cause  of  many  of  the  poor  results  obtained  in  former  days. 

Lateral  ligature  is  applicable  to  small  lateral  wounds  of  veins.  The  method 
was  first  used  by  Travers  in  1816;  the  ligature  was  applied  to  the  femoral,  the 
ligature  slipped,  the  patient  died.  The  edges  of  the  wound  are  gathered  in  the 
bite  of  a  pair  of  haemostatic  forceps  and  the  ligature  is  placed  beneath,  thus 
closing  the  wound  without  interrupting  the  blood-current.  Fine  silk  is  the  best 
material  to  use  for  this  purpose,  as  it  secures  a  firmer  hold  on  the  vessel  walls 
than  catgut.  In  most  instances  of  lateral  wounds  of  veins  in  which  it  is  desirable 
to  preserve  the  circulation  through  the  vein,  suture  of  the  wound  is  much  safer 
than  lateral  ligature. 

*  Centralblatt  f.  Chir..  1908,  No.  8.  t  Annals  of  Surgery,  April,  1908. 

t  Jour.  Amer.  Med.  Assoc,  vol.  1.,  No.  25.         §  Centralblatt  f.  Chir.,  1908,  p.  973. 
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(5)  Suturing  of  Veins. — Suturing  of  veins  was  first  attempted,  in  1833,  by 
Gensoul  on  the  jugular  of  the  horse,  l^ut  the  result  was  a  thrombo-phlebitis 
because  of  suppuration.  (Jassinowsky.)  For  some  time  after  this,  experi- 
menters confined  their  studies  to  lateral  ligation  and  the  closure  of  small  wounds 
of  vessels  with  different  forms  of  pressure  apparatus,  wooden  pincers,  serres 
fines,  hsemostats,  etc.  Oilier,  in  1857,  and  Nicaise,  in  1872,  again  took  up  the 
subject  of  suturing  veins  in  animals.  Czerny,  in  1881,  was  the  first  to  practise 
suturing  of  veins  in  man.  He  sutured  an  ulceration  in  the  jugular,  but  secondary 
hemorrhage  followed  two  days  later  and  he  w^as  forced  to  tie  the  vein,  the  patient 
subsequently  dying  of  pyaemia.  The  following  year,  1882,  Schede,  in  removing 
carcinomatous  inguinal  lymph  nodes,  wounded  the  femoral  vein,  which  wound 
he  sutured  with  fine  catgut.  The  wound  healed  without  thrombosis.  In  1888 
Von  Horroch  showed  experimentally  that  end-to-end  anastomosis  of  veins  could 
be  performed  without  producing  an  obliterating  thrombosis.  (Jassinow^sky.) 
Taddei,  in  1901,  found  that  the  lumen  of  the  vein  could  be  diminished  one-half 
by  suturing  without  causing  thrombosis.  (Jacobsthal.)  In  1888  Schede  report- 
ed the  first  case  of  suturing  the  vena  cava,  the  vessel  having  been  injured  during 
a  nephrectomy.  The  patient  died  eighteen  days  later  from  another  cause,  but 
the  wound  was  found  healed,  with  no  thrombosis.  In  the  same  report,*  he 
collects  thirty  instances  of  suturing  of  the  larger  veins.  Since  this  time  the 
procedure  has  passed  into  current  surgical  practice  and  suturing  of  veins  smaller 
than  the  innominate  and  vena  cava  is  no  longer  reported  by  surgeons;  it  is 
therefore  impossible  to  estimate  the  number  of  cases  in  which  this  operation  has 
been  done.  Even  in  the  presence  of  infection  the  operation  seems  to  be  as 
successful  as  ligation  in  permanently  checking  hemorrhage.  Bad  results  have 
been  reported  in  only  a  few  instances — those  of  Czerny,  Krause,  Korte,  and 
Segel.  The  innominate  vein  has  been  sutured  twice,  once  by  Marin  and  once 
by  Ricard.  The  portal  vein  has  been  sutured  by  Schultz  and  by  Depage,t  the 
latter  being  an  end-to-end  anastomosis  performed  during  a  resection  of  the 
head  of  the  pancreas.  The  vena  cava  has  been  sutured  by  Schede,  Manteufel, 
Garre,  Keen,  Pousson,J  Depage,  Temoin,  Perugniez,  Ullmann,  and  Barnsby,§ 
eight  of  the  patients  recovering. 

Microscopic  examination  of  the  preparations  after  suturing  of  a  vein  gives 
somewhat  different  results  according  to  different  investigators.  Burcis  claims 
that  the  vein  may  be  completely  regenerated.  Jassinowsky  found  regeneration 
of  the  media  but  not  of  the  elastic  elements.  Jacobsthal  could  find  no  muscular 
fibres  in  the  scar. 

End-to-end  anastomosis  of  the  divided  femoral  and  axillary  veins  has  been 
perfomied  in  man  by  Krause,  Kuemmel,  Payr,  Doyen,  Goyanes,||  and  othei*s. 
As  mentioned  above,  Depage  united  the  ends  of  the  portal  vein  by  suture. 

The  technique  of  suturing  a  vein  is  identical  with  that  of  suturing  an  artery. 
Catgut,  however,  is  probably  more  often  used  for  the  suture  material,  and,  in  the 

*  Archiv  f.  klin.  Chir.,  Bd.  xliii.,  Hft.  3  and  4.         f  Revue  de  chir.,  Nov.,  1906,  p.  618. 
$  Bull,  de  la  soc.  dechir.,  June  20th,  1903.  §  Rev.  de  chir.,  Nov.,  1906. 

(I  Revista  de  med.  y  cir.  pract.  de  Madrid,  1907,  p.  979. 
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case  of- the  largest  veins,  slight  eversion  of  the  edges  of  the  wound,  so  as  to  bring 
intima  in  contact  with  intima,  is  perhaps  desirable. 

We  believe  that  all  wounds  of  major  veins  should,  whenever  possible,  be 
closed  by  suturing  rather  than  by  the  application  of  a  ligature.  When  the 
other  vessels  are  intact  and  healthy,  ligation  of  the  axillary,  femoral,  jugular, 
innominate,  and  vena  cava  (below  the  origin  of  the  renal  vessels)  very  rarely 
causes  trouble  other  than  oedema;  but  even  this  may  and  should  be  avoided  by 
suturing.  When  a  number  of  collateral  vessels  have  been  injured,  when  the 
arteries  are  narrowed  by  disease,  when  the  circulation  is  impaired  as  the  result 
of  cardiac  or  pulmonary  disorders,  when  the  resistance  of  the  tissues  is  greatly 
lessened  as  the  result  of  diabetes,  nephritis,  or  other  debilitating  maladies,  the 
chances  of  gangrene  or  other  serious  disturbance  after  ligation  of  a  main  venous 
stem  are  greatly  increased.  Hence,  in  the  presence  of  these  conditions,  suturing 
is  more  strongly  indicated.  In  wounds  of  the  superior  mesenteric,  portal,  and 
vena  cava  above  the  origin  of  the  renals,  and  in  wounds  of  both  internal  jugulars, 
suturing  instead  of  ligaturing  is  imperative  to  save  hfe. 


SURGICAL  DISEASES  AND  WOUNDS  OF  THE 
STOMACH  AND  (ESOPHAGUS. 

By  ALBERT  J.   OCHSNER,   M.D.,   Chicago,  Illinois. 


I.   SURGERY  OF  THE  STOMACH. 

Introductory  Rema-Rks.— Surgery  of  the  stomach  must  have  for  its  object 
the  restoration  of  this  organ,  as  nearly  as  possible,  to  its  normal  anatomical 
condition.  This  is  true  without  regard,  in  any  individual  case,  to  the  pathological 
condition  present  which  the  surgical  procedure  is  expected  to  relieve.  These 
pathological  conditions  depend :  first,  upon  injuries ;  second,  upon  the  presence  of 
pathological  gro\^i:hs;  and,  third,  upon  the  presence  of  some  condition  which 
interferes  with  some  one  of  the  various  functions  of  this  organ.  The  conditions 
that  most  often  call  for  surgical  treatment  are  those  which  are  dependent,  either 
primarily  or  secondarily,  upon  gastric  ulcer. 

In  our  efforts  to  correct  any  one  of  these  lesions  by  means  of  surgical  inter- 
ference we  should  bear  in  mind  the  fact  that  at  best  our  results  must  fall  some- 
what short  of  producing  perfectly  normal  conditions.  It  is  important  to  look 
upon  the  stomach  as  a  machine  which  is  normally  arranged  in  the  manner  most 
favorable  for  the  performance  of  its  physiological  functions,  and  that  any  change 
in  the  arrangement  of  this  machine  must  necessarily  result  in  a  mechanism  less 
competent  than  the  original.  In  order  to  make  this  fact  more  apparent,  we 
have  introduced  here  a  diagram  (Fig.  106)  which  may  be  considered  as  repre- 
senting this  machine  correctly  in  its  normal  condition.  The  left  portion  of  the 
stomach  serves  the  purpose  of  storing  the  food  and  mixing  it  with  the  gastric 
juice,  thus  preparing  it  for  the  right  portion  (about  one-third  of  the  organ) 
which  serves  as  a  grinding  machine  for  the  food  after  it  has  been  mixed  in  the 
storage  end  of  the  stomach.  This  portion  of  the  stomach  is  by  far  the  most  active, 
its  contractions  being  powerful,  and  consequently  it  is  the  portion  of  the  organ 
which  is  most  frequently  exposed  to  injury  from  within.  It  is  separated  from  a 
second  mixing  apparatus,  which  is  found  in  the  duodenum,  by  the  pylorus.  The 
duodenum  is  embryologically  a  portion  of  the  stomach,  being  formed  by  the 
foregut  in  the  development  of  the  foetus.  The  mixing  process  at  this  point  com- 
bines the  food  which  has  been  prepared  in  the  pyloric  antrum  of  the  stomach, 
with  the  bile  and  pancreatic  fluid  which  enter  the  duodenum  through  the  com- 
mon duct. 

It  is  important  to  consider  all  of  these  points  simultaneously,  because  an 
anatomical  defect  in  any  one  of  these  portions  of  the  digestive  tract  will  directly 
affect  all  of  the  other  portions,  and  it  is  equally  plain  that  any  surgical  inter- 
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fcrc'iice  which  will  change  the  relative  functions  of  these  parts,  must  result  in 
physiological  functions  that  are  below  the  normal.  To  illustrate: — Pylorectomy 
■l)riinaril}-  renK)ves  a  portion  of  the  grindinp;  apparatus,  and,  secondarily,  it 
eliminates  from  the  act  of  digestion  the  mechanism  for  mixing  the  food,  the 
bile,  and  the  pancreatic  juice  in  the  duodenum, — i.e.,  the  mechanism  which  is 
specially  provided  for  this  purpose.  Moreover,  the  new  mechanism  which  will 
be  supplied  by  the  operation  to  take  the  place  of  the  portion  removed,  nmst  neces- 
sarily be  quite  defective ;  and  this  condition  will  in  turn  interfere,  to  some  extent 
at  least,  with  the  normal  storage  of  food  in  the  cardiac  portion  of  the  stomach, 
although  this  has  been  (juestioned  seriously  by  Cannon  whose  experiments  upon 


Ftg.  106. — Diagrammatic  Representation  of  the  Stomach  as  a  Machine  Intended  to  Effect  the 
Digestion  of  Food.  Words  indicating  the  pliysiological  and  mechanical  functions  of  the  different 
parts  of  the  organ  have  been  introduced  at  the  appropriate  places  in  the  diagram,  a,  Dome  of  the 
stomach  or  cardiac  end;  h,  pyloric  end;  c,  greater  curvature;  d,  lesser  curvature;  /,  pjdoric  spliinc- 
ter;  e,  duodenuni. 


animals  seem  to  show  that  a  gastro-enterostomy  has  little  effect  on  gastric 
drainage.  If  these  facts  are  borne  in  mind  one  will  not  undertake  surgical 
procedures  upon  this  organ  so  long  as  there  is  any  likelihood  of  relieving  by 
non-surgical  treatment  the  pathological  condition  which  is  present. 

If  any  given  pathological  condition  can  be  relieved  by  internal  treatment  or  by 
the  use  of  hygienic  and  dietetic  measures,  then  it  is  to  be  hoped  that  the  mechan- 
ism will  also  be  restored  to  the  normal,  as  regards  both  its  physiological  and  its 
anatomical  properties.  It  is  true  that  the  causes  which  have  once  brought  about 
the  pathological  conditions  from  which  the  patient  seeks  relief,  may  again  bring 
about  the  same  results, — in  other  words,  that  he  will  suffer  from  a  recurrence. 
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This  fact  has  been  used  as  an  argument  in  favor  of  surgical  interference  in  many 
of  these  cases ;  the  behef  being  held  that,  inasmuch  as  the  surgical  operation  pro- 
duces new  conditions,  the  Hkelihood  of  a  recurrence  would  thus  be  done  away 
with.  Clinical  experience  has  shown,  however,  that  these  patients  are  compelled, 
after  they  have  recovered  from  the  effects  of  the  operation,  to  observe  certain 
dietetic  and  hygienic  precautions;  and  it  is  therefore  reasonable  to  suppose  that, 
in  many  of  these  cases  in  which  the  troublesome  symptoms  recur,  the  patient 
would  remain  permanently  cured,  without  surgical  interference,  if  he  were  to 
observe,  after  the  original  successful  course  of  treatment,  these  same  dietetic 
and  hygienic  precautions.  In  brief,  if  patients  who  have  recovered  from  ulcer 
of  the  stomach  as  a  result  of  hygienic  and  dietetic  treatment,  were  constantly 
careful  in  their  diet  for  years,  there  would  be  but  very  little  stomach  surgery. 
Whatever  may  be  said,  then,  concerning  the  surgical  treatment  of  the  various 
pathological  conditions  which  will  be  discussed  in  this  chapter,  must  be  con- 
strued to  apply,  in  the  individual  patients,  to  conditions  which  obviously  can 
be  relieved  only  by  surgical  interference.  This  includes  such  conditions  as  acute 
perforation  of  the  stomach  due  to  ulcer  or  gunshot  or  other  wounds,  complete 
obstruction  of  the  pylorus  or  the  CESophagus,  and  incipient  carcinoma  of  the 
stomach.  Aside  from  the  cases  which  belong  in  the  classes  which  have  just  been 
enumerated,  the  remarks  in  question  apply  only  to  those  in  which  non-surgical 
relief  has  failed  or  in  which  the  conditions  preclude  the  possibility  of  a  cure  by 
non-surgical  treatment.  Under  non-surgical  treatment  we  would  class  especially 
dietetic  and  hygienic  measures. 

Interference  with  Gastric  Drainage. — No  other  condition  is  so  commonly 
the  cause  of  gastric  disease  sufficiently  serious  to  require  surgical  treatment,  as 
is  an  interference  with  the  normal  drainage  of  the  stomach.  This  may  be  con- 
genital in  its  origin,  as  in  the  case  of  a  congenital  stricture  of  the  pylorus,  or  it 
may  be  due  to  the  presence  of  a  pyloric  ulcer  or  to  the  contraction  following  the 
healing  of  such  an  ulcer.  Whatever  the  cause  of  the  obstruction,  the  effects, 
if  the  obstacle  persists,  are  of  such  a  nature  as  ultimately  to  require  for  their 
relief  a  surgical  operation.  Should  an  operation,  however,  not  be  performed,  the 
patient's  distress  will  continue  in  proportion  to  the  degree  of  the  obstruction; 
or,  if  the  obstruction  is  of  a  decided  character,  he  will  suffer  from  malnutrition 
in  a  degree  proportionate  to  the  seriousness  of  such  obstruction. 

Clinically,  these  patients  either  recover  under  dietetic  and  hygienic  treatment, 
or  the  stomach  undergoes  anatomical  changes  such  as  are  illustrated  diagram- 
matically  in  the  accompanying  figure  (Fig.  107).  In  the  mean  time  the  case  pur- 
sues the  following  typical  course : — In  non-congenital  cases  the  obstruction  at  the 
pylorus  is  accompanied,  in  its  early  stages,  by  a'  considerable  degree  of  pain, 
which  is  usually  located  between  the  ensiform  appendix  of  the  sternum  and 
the  umbilicus.  The  patient  feels  uncomfortable  after  eating,  and  the  distress 
is  more  marked  after  the  ingestion  of  certain  foods.  He  soon  learns  to  classify 
various  articles  of  food  according  to  the  amount  of  discomfort  which  they 
produce.  Acids  and  raw  fruits  usually  cause  the  greatest  amount  of  distress. 
During  this  part  of  the  course  of  the  disease,  the  distress  is  usually  greater  if  a 
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large  amount  of  food  is  taken  than  if  the  patient  eats  but  a  small  amount.  Gas- 
tric lavage  will  show  the  presence  of  a  great  amount  of  mucus  which  is  secreted 
for  the  purpose  of  protecting  the  painful  jjoint.  At  this  time  the  stomach  is 
not  enlarged,  and  there  is  frequently  a  compensating  hypertrophy  of  the  muscu- 
lar wall  of  the  organ  to  overcome  the  obstruction  at  the  pylorus.  If  the  latter 
condition  persists,  however,  hypertrophy  will  give  place  to  dilatation.  This 
will  at  first  be  slight  in  degree,  as  shown  at  2  in  Fig.  107.  In  the  mean  time  the 
accumulation  of  mucus  interferes  with  the  gastric  digestion.  This  it  does  by 
covering  the  surface  of  solid  portions  of  food  which  have  been  placed  in  the  stom- 


FiG.  107. — Diagram  Showing,  by  Means  of  Dotted  Lines  (1,  2,  3),  the  Various  Degrees  of  Deform- 
ity of  the  Stomach  Due  to  Dilatation  Resulting  from  Pyloric  Obstruction.  4  indicates  the  height  to 
which  food  has  to  be  lifted  (from  the  lowest  point  in  the  stomach  cavity)  before  it  can  escape  into 
the  duodenum,  e,  through  the  pylorus,  /;  a  represents  the  cardiac  end;  b,  the  pyloric  end;  c,  the 
greater  and  d  the  lesser  curvature. 

ach.  To  compensate  for  this  condition,  there  is  a  physiological  increase  in  the 
secretion  of  hydrochloric  acid,  which  in  turn  causes  an  increase  in  pain  because 
of  its  irritating  effect  upon  the  pyloric  ulcer.  The  difficulty  of  emptying  the  stom- 
ach contents  into  the  duodenum  will  now  be  increased  from  one  of  two  causes: 
either  the  ulcer  becomes  partly  or  completely  healed,  as  a  result  of  which  change 
cicatricial  contraction  of  the  pylorus  takes  place  and  the  degree  of  the  obstruc- 
tion is  thereby  increased;  or  the  base  of  the  ulcer  and  the  tissue  surrounding 
this  lesion  will  undergo  contraction,  thus  causing  a  mechanical  increase  in  the 
obstruction.    A  third  process,  which  has  been  frequently  mentioned  as  an  im- 
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portant  cause,  is  the  spasmodic  contraction  of  the  sphincter  muscle  of  the 
pylorus,  due  to  the  presence  of  an  ulcer  within  the  grasp  of  this  nuiscle.  It  is 
likel}'  that  this  factor  is  more  active  in  the  early  than  in  the  later  stages  of 
pyloric  obstruction. 

In  the  mean  time  the  dilatation  of  the  stomach  continues,  as  indicated  at  3, 
in  Fig.  107,  and  as  a  result  the  greater  curvature  extends  a  considerable  distance 
below  the  umbilicus.  This  dilatation  may  be  so  great  as  to  permit  the  greater 
curvature  of  the  stomach  to  rest  in  the  pelvis  of  the  patient — a  condition 
observed  in  one  of  the  author's  patients.  This  condition  introduces  another 
important  disturbing  factor  in  the  mechanism  of  digestion.  In  the  normal  con- 
dition the  food,  in  passing  from  the  stomach  into  the  duodenum,  must  be  elevated 
only  the  distance  from  c  to/  (Fig.  107),  while  in  the  extremely  dilated  stomach  it 
must  be  lifted  the  much  greater  distance  from  3  to/  (Fig.  107).  It  has  been  shown 
by  Cannon  and  others  that  there  is  a  shortening  of  the  greater  curvature  of  the 
normal  stomach  when  food  is  forced  through  the  pylorus  into  the  duodenum 
and  that  in  this  way  the  pyloric  end  of  the  stomach  takes  the  form  of  a  funnel 
during  this  physiological  act.  Moreover,  the  course  which  the  food  has  to  pur- 
sue in  passing  from  c  to  /,  extends  over  a  smooth,  non-sacculated  surface,  w^hile 
in  its  course  from  3  to  /  there  is  likely  to  be  formed  at  4  a  valve-like  projection 
w^hich  will  serve  as  a  serious  obstruction  to  the  passage  of  food  through  the 
pylorus  into  the  duodenum.  At  this  stage  in  the  course  of  the  disease  the  stomach 
becomes  incompetent  to  empty  itself  completely  and  there  remains  constantly 
in  this  lower  pouch  a  certain  amount  of  residual  food.  Here,  as  in  every  cavity 
in  the  human  body,  the  retention  of  residual  contents  favors  the  development  of 
micro-organisms,  and  in  a  short  time  a  high  degree  of  fermentation  and  decom- 
position will  take  place,  and  the  patient  will  begin  to  absorb  these  products  of 
decomposition  instead  of  absorbing  the  products  of  normal  digestion.  It  is  at 
this  stage  that  severe  symptoms  of,  malnutrition  make  their  appearance.  A 
careful  use  of  gastric  lavage,  together  with  hygienic  and  dietetic  treatment,  will 
frequently  prevent  the  progress  of  malnutrition  by  removing  these  decomposing 
substances  and  supplying  food  which  can  readily  be  absorbed.  But  it  is  not  likely 
that,  in  any  of  these  advanced  cases,  the  mechanism  can  still  be  restored  to  ap- 
proximately normal  conditions  without  the  aid  of  surgical  interference.  In 
cases,  however,  which  have  not  progressed  to  this  extreme  degree,  it  is  undoubt- 
edly often  possible  to  restore  the  anatomical  conditions  to  an  approximately 
normal  state. 

It  is  well  to  emphasize  especially  the  importance  of  hygienic  measures. 
One  frequently  encounters  a  case  of  almost  hopeless  stomach  disease  in  a  person 
of  sedentary  habits,  overworked  mentally,  who  goes  out  on  the  plains  and  re- 
turns, after  a  number  of  months,  with  the  best  stomach  in  town.  So  it  is  well  to 
lay  stress  upon  the  importance,  not  only  of  dietetic  and  medicinal,  but  also  of 
hygienic  measures.  It  should  also  be  stated  that  in  this  class  of  cases,  which 
promise  most  from  the  careful  and  long-continued  use  of  hygienic  measures, 
surgical  interference  accomplishes  the  minimum  amount  of  good.  After  a  cer- 
tain number  of  these  cases  of  ulcer  of  the  stomach  have  been  carefully  treated 
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ill  the  iiuuiiu'r  indicated  above,  there  will  always  be  some — indeed,  a  considerable 
nimiber — in  which  the  stomach  a|)|)rars  to  be  hopelessly  ruined.  This  is  fre- 
qi-ieiitly  the  exijerieiice  of  those  who  have  aiiiiile  op])ortunities  to  test  thoroughly 
these  non-surgical  measures.  At  the  end  of  the  treatment  the  stomach  is  still, 
apparently,  in  the  same  jiathological  condition.  Under  these  circumstances  it 
may  be  assumed  that  the  affection  has  reached  a  stage  in  which  one  of  three 
things  is  possible:  either  an  open  ulcer  exists,  or  the  ulcer  has  already  healed 
and  its  former  site  is  occupied  by  a  cicatricial  obstruction,  or  this  obstruction 
nia}^  be  due  to  a  more  or  less  extensive  induration  at  the  base  of  the  ulcer. 

If  the  ulcer  is  still  open,  we  have  a  number  of  very  definite  complications  to 
fear  besides  the  malnutrition,  the  discomfort,  and  the  disability  of  the  patient. 
We  have  first  to  consider  the  possibility  of  perforation  of  this  ulcer  and  of  the 
immediate  death  of  the  patient  as  a  result  of  the  perforation.  We  have  also  to 
consider  the  possibility  of  the  patient's  losing  his  life  by  the  sudden  loss  of  a  large 
amount  of  blood  or  by  a  series  of  hemorrhages  at  shorter  or  longer  intervals  of 
time.  Finally,  the  possibility  that  a  carcinoma  may  develop  at  the  seat  of  this 
ulcer  must  not  be  overlooked.  That  such  an  occurrence  actually  takes  place  in 
many  cases  of  chronic  ulcer  of  the  stomach  has  been  observed  by  many  sur- 
geons. It  has  been  investigated  with  great  care  in  a  very  large  number  of  cases 
by  Graham. 

At  this  point  it  may  be  well  to  emphasize  the  fact  that,  in  this  condition  as 
well  as  in  all  other  intra-abdominal  conditions, — such,  for  example,  as  pyosalpinx, 
appendicitis,  extra-uterine  pregnancy,  gall-bladder  disease,  etc., — the  diagnosis 
has  been  perfected  to  a  reasonable  degree  only  as  a  result  of  the  operation. 
When  operations  were  begun  for  each  and  every  one  of  these  conditions,  the 
views  w^hich  we  held  were  extremely  vague.  We  have  reached  a  reasonable  de- 
gree of  certainty  in  our  diagnosis  only  by  reason  of  the  fact  that,  a  probable 
diagnosis  having  been  made  in  each  one  of  a  large  number  of  instances,  the 
correctness  of  this  diagnosis  was  either  proven  or  disproven  by  a  surgical  opera- 
tion. It  is  therefore  of  great  importance  that  both  the  surgeon  and  the  internist 
should,  in  every  instance  in  which  the  abdomen  is  opened  for  the  relief  of  a  con- 
dition of  the  stomach,  be  present  at  the  operation,  and  should  determine  whether 
the  ideas  formed  concerning  the  conditions  to  be  found  are  correct  or  incorrect ; 
because  upon  the  ability  to  diagnose  them  correctly  wdll  depend  our  ability  to 
treat  these  cases  properly  later  on. 

In  a  few  instances  practitioners  of  internal  medicine,  who  almost  always 
observe  these  patients  before  they  apply  to  the  surgeon  for  care,  have  attained 
great  skill  in  diagnosis  by  following  their  cases  into  the  operating-room  and  con- 
firming or  changing  their  original  diagnoses  in  accordance  wdth  the  pathological 
findings  at  the  time  of  the  operation.    This  plan  should  be  adopted  generally. 

Gastric  Ulcer  and  Its  Sequelae. — The  diagnosis,  in  these  cases  of  gastric 
ulcer,  has  usually  been  made  and  remade  repeatedly  before  the  patient  comes 
to  the  surgeon  for  treatment.  Indeed,  if  for  any  reason  a  patient  affected  with 
this  disease  should  come  to  the  surgeon  in  the  first  instance,  it  is  likely  that — 
except  in  a  case  of  perforative  ulcer  or  of  malignant  disease  implanted  upon  the 
VOL.  vii. — 22 
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ulcer — the  patient  will  first  have  to  be  subjected  to  careful  internal  dietetic  and 
hygienic  treatment. 

The  first  step  in  the  diagnosis  will  be  to  determine  whether  the  case  is  of  an 
acute  or  of  a  chronic  nature.  It  will  therefore  be  more  convenient  to  discuss 
the  subject  under  the  subheadings  of  Acute  Ulcer  of  the  Stomach  and  Chronic 
Ulcer  of  the  Stomach. 

Acute  Ulcer  of  the  Stomach. 

In  acute  ulcer  of  the  stomach  there  are  usually  two  very  definite  symptoms. 
The  first  most  constant  symptom  is  pain,  which  is  located,  as  a  rule,  about  half- 
way between  the  ensiform  appendix  of  the  sternum  and  the  umbilicus.  This 
pain  is  at  first  intermittent  and  occurs  only  after  some  indiscretion  in  eating. 
During  this  stage  pain  can  be  elicited  upon  pressure,  regardless  of  the  fact  whether 
the  stomach  be  distended  with  food  or  not.  In  the  second  place  there  is  usually 
some  hemorrhage.  This  may  be  so  slight  that  the  blood  can  be  detected  only 
upon  careful  examination  of  the  stools ;  then  again,  it  may  be  so  severe  as  to  give 
the  stools  a  characteristic  black  appearance;  or,  finally,  it  may  be  sufficiently 
severe  to  cause  nausea  and  vomiting,  in  which  case  the  blood  will  appear  in 
the  vomited  matter.  The  amount  of  blood  lost  may  be  so  considerable  that  the 
patient  will  show  marked  anaemia  within  a  few  days ;  but  this  symptom  usually 
disappears  in  a  short  time  if  the  hemorrhage  subsides.  Unless  the  loss  of  blood  is 
very  great  these  patients  should  not  be  subjected  to  operative  treatment  until 
they  have  thoroughly  recovered  from  such  loss.  If  absolutely  no  food  is  given 
by  the  mouth  a  patient  suffering  from  acute  gastric  ulcer  practically  always 
recovers  from  the  first  attack.  If,  however,  a  small  amount  of  nourishment  or 
water  is  given  before  the  patient  has  fully  recovered,  the  distention  of  the  stom^^ch 
is  likely  to  reopen  the  bleeding  vessel,  and  the  oftener  this  recurs  the  more 
anaemic  the  patient  becomes.  With  increasing  anaemia,  the  coagulability  of  the 
blood  decreases,  and  this  in  itself  increases  the  likelihood  of  subsequent  hemor- 
rhages. 

Leube  maintains  that  a  single  profuse  hemorrhage,  due  to  the  presence  of 
gastric  ulcer,  does  not  constitute  an  indication  for  operation.  His  enormous 
experience  has  proven  to  him  that,  with  careful  treatment,  it  is  possible  to  cause 
a  large  proportion  of  these  ulcers  to  heal  permanently. 

According  to  Dieulafoy,  a  hemorrhage  not  exceeding  200  c.c.  of  blood  is  not 
an  amount  sufficient  to  indicate  positively  the  necessity  of  an  operation;  but 
he  believes  that,  if  one-half  of  a  litre  is  lost,  and  especially  if  this  hemorrhage  is 
repeated  once  or  twice,  a  surgical  operation  offers  the  only  possible  relief.  Since 
the  importance  of  keeping  the  stomach  absolutely  empty  has  become  recognized, 
this  statement  can  no  longer  be  considered  as  correct.  The  occurrence,  however, 
of  so  large  a  hemorrhage  should  always  be  considered  a  strong  indication  for 
operation,  because  it  shows  that  one  of  the  larger  vessels  has  been  eroded,  and 
the  larger  the  vessel  the  more  easy  will  it  be  for  the  thrombus  to  become  displace:!. 
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Chronic  Ulcer  of  the  Stomach. 

Cliniral  observation  seems  to  show  tliat  only  a  small  ])roportion  of  acute  ulcoi"S 
of  the  stomach  progress,  either  continuously  or  by  interruption,  until  they 
become  chronic.  The  ulcer,  after  its  fii-st  appearance,  may  go  on  causing 
symptoms  until  the  condition  may  rightly  be  termed  chronic.  These  symptoms 
may  vary  in  sevei'ity  iluring  this  period,  or  they  may  continue  at  the  same 
degree  of  severity,  or  there  may  be  a  complete  interruption  of  symptoms, 
so  that  both  the  patient  himself  and  the  physician  may  reasonably  suppose  that 
the  ulcer  is  permanent h'  healed.  The  recurrence  may  be  brought  about  b}'  some 
indiscretion  in  diet,  by  mifavorable  h^^gienic  conditions,  or  by  overwork.  A 
rather  common  exciting  cause  is  indigestion  from  overwork,  which  causes  a 
general  neurotic  state.  The  condition,  called  "nervous  dyspepsia,''  is  a  common 
forerunner  of  a  recurrence.  It  is  often  difficult  to  determine  which  is  the  cause 
and  which  the  effect.  The  general  nervous  condition  may  chsturl:)  the  digestion 
to  so  marked  a  degree  that  the  irritation  caused  b}'  undigested  food  may  be 
sufficient  to  act  as  the  exciting  cause  for  the  recurrence,  especially  as  the  mal- 
nutrition which,  accompanies  this  form  of  indigestion  will  in  itself  act  as  a  cause 
for  the  recurrence.  On  the  other  hand,  the  irritation  accompanying  a  recurrence 
in  its  early  stages,  before  any  very  definite  symptoms  have  appeared,  may  act  as 
an  important  element  in  producing  the  nervous  symptoms  in  these  cases. 

^'er3'  rarely  the  recurrence  is  due  to  a  direct  trauma  from  the  ingestion  of 
certain  articles  of  food,  such  as  hard  crusts  or  fine  particles  of  bone  swallowed  in 
eating  game.  This  cause  has  been  observed  a  sufficient  number  of  times  to  be 
worthy  of  mention. 

The  chief  symptoms  of  chronic  ulcer  of  the  stomach  are:  first,  pain:  second, 
obstruction  to  the  passage  of  food:  third,  hemorrhage:  and. fourth, malnutrition. 
The  usual  location  of  pain  is  at  a  point  half-way  between  the  ensiform  appendix 
of  the  sternum  and  the  umbilicus.  This  pain  is  increased  upon  pressure;  it 
is  usually  increased  upon  taking  certain  aiticles  of  food.  If  the  ulcer  is  located 
on  the  lesser  curvature  of  the  stomach,  to  the  left  of  its  centre,  the  pain  is  referred 
to  a  point  a  little  below  the  centre  of  the  sternum,  and  the  pain  at  this  point  is 
felt  if  pressure  is  made  upon  the  upper  part  of  the  abdomen. 

If  the  ulcer  is  located  at  the  pyloric  end  of  the  stomach,  but  does  not  extend 
beyond  the  pylorus,  into  the  duodenum,  the  pain  is  usualh'  increased  after  taking 
food.  If  there  is  an  extension  of  the  ulcer  into  the  duodenum,  the  pain  is  most 
severe  during  the  period  of  digestion.  If  the  ulcer  is  located  entirely  on  the  duo- 
denal side  of  the  pylorus,  or  if  it  extends  from  the  pyloric  end  of  the  stomach  into 
the  duodenum,  the  pain  is  usually  more  severe  when  the  stomach  is  empty. 
In  these  cases  pressure  a  little  to  the  right  of  the  median  line,  opposite  to  the 
mnbilicus,  elicits  the  greatest  amount  of  pain. 

During  the  late  stages  of  chronic  gastric  ulcer  there  is  referred  pain  in  the 
back,  which  may  extend  up  as  high  as  the  fourth  dorsal  veiiebra.  It  is  more 
commonly  located  to  the  left  than  to  the  right  of  the  median  line,  but  it  may 
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appear  on  either  side  or  in  the  middle.  It  can  be  distinguished  from  the  referred 
pain  due  to  the  presence  of  gall  stones,  by  the  fact  that  the  latter  pain  extends 
around  to  the  right,  at  about  the  level  of  the  tenth  rib,  while  the  referred  pain 
from  gastric  ulcer  does  not  take  this  course.  It  must  be  remembered,  however, 
that  the  two  conditions  frequently  occur  in  the  same  patient. 

Dilatation. — Dilatation  of  the  stomach  is  a  late  symptom  of  gastric  ulcer. 
It  is  caused  by  the  obstruction  which  the  ulcer  itself  (plus  its  indurated  base) 
offers  in  the  pyloric  cnannel  or  by  the  cicatricial  contraction  which  results  from 
the  partial  or  complete  healing  of  the  ulcer. 

Shaking  the  portion  of  the  abdomen  which  is  occupied  by  the  stomach,  from 
side  to  side,  gives  rise  to  a  splashing  sound  in  the  presence  of  dilatation  of  the 
stomach.  Percussion  will  further  confirm  this  condition.  In  order  to  determine 
the  actual  degree  of  dilatation,  it  is  best  to  introduce  a  stomach  tube  and  to 
attach  to  the  upper  end  of  this  a  bulb  holding  a  definite  quantity  of  air.  Then 
the  stomach  should  be  pumped  full  of  air  and  its  lower  margin  located  by  means 
of  percussion.  As  soon  as  a  slight  amount  of  pain  is  elicited,  or  as  soon  as  the 
patient  complains  of  a  feeling  of  fulness,  no  further  air  should  be  forced  into  the 
stomach.  In  case  of  an  acute  exacerbation  of  the  symptoms  in  any  given  case,  or 
if  a  hemorrhage  has  recently  recurred,  this  method  of  diagnosis  should  not 
be  employed,  for  fear  of  causing  a  perforation  of  the  stomach.  This  accident  has 
actually  occurred  several  times  since  this  method  of  examination  was  introduced. 

Hyperacidity. — In  chronic  ulcer  of  the  stomach,  hyperacidity  is  almost 
always  present.  It  has  frequently  been  claimed  that  the  presence  or  absence  of 
free  hydrochloric  acid  in  the  stomach  and  the  presence  of  lactic  acid  can  be  used 
in  making  a  differential  diagnosis  between  chronic  ulcer  and  carcinoma  of  the 
stomach.  This  method,  however,  is  not  to  be  trusted  for  making  a  differential 
diagnosis  between  the  two  diseases,  and  its  employment  is  likely  to  cause  serious 
mistakes.  Extensive  observations  which  have  been  made  in  a  very  large  number 
of  patients  by  a  number  of  independent  investigators  seem  to  prove  that  free 
hydrochloric  acid  is  absent  from  the  stomach  contents  in  a  large  proportion  of 
normal  stomachs  in  persons  over  sixty  years  of  age.  As  carcinoma  occurs  more 
frequently  in  persons  advanced  in  years  it  is  plain  that  it  would  not  be  proper, 
in  the  examination  of  stomach  contents,  to  place  much  reliance  upon  this 
element  as  a  basis  for  the  diagnosis  of  carcinoma. 

Hemorrhage. — The  copiousness  of  individual  hemorrhages  in  chronic  gastric 
ulcer  may  vary  greatly.  The  amount  of  blood  lost  may  be  so  small  that  it  will 
require  the  most  accurate  chemical  examination  of  the  faeces  to  determine  its 
presence.  Then,  again,  the  amount  may  be  so  large  as  to  prove  fatal.  The 
bleeding  may  occur  at  very  short  intervals,  so  that  the  patient  is  subjected  to 
an  almost  constant  loss  of  small  quantities  of  blood;  or  there  may  be  con- 
siderable periods  of  time  between  recurrences.  In  some  instances  the  hemorrhage 
occurs  when  the  patient  has  an  abundance  of  blood,  and  continues  until  he  be- 
comes ansemic;  then  the  bleeding  ceases,  only  to  recur  when  a  certain  amount 
of  plethora  has  been  established.  The  blood  may  all  pass  into  the  intestine,  and 
thus  the  occurrence  of  the  hemorrhage  is  not  discovered  until  the  attention  of 
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the  patit'iit  is  attracttnl  hy  the  cliseoloratioii  of  tlic  faeces,  showing  the  presence 
of  partly  diiicstcd  Mood.  In  other  instances  the  patient  may  vomit  the  greater 
portion  of  the  blood.  The  symptom  of  hemorrhage  alone,  unless  it  is  severe, 
should  not  l)e  considered  an  indication  for  operation  except  in  cases  in  which  the 
resulting  ana'mia  is  sufficient  to  determine  the  necessity  for  an  operation.  This 
may  be  the  case  in  patients  w^ho  have  never  had  a  severe  hemorrhage,  or  in  those 
in  whom  a  pei-sistent  slight  hemorrhage  has  resulted  in  the  loss  of  more  blood  than 
could  be  reproduced  l^y  the  body. 

The  Recognition  of  the  Occurrence  of  Perforation. — The  occurrence  of 
perforation  may  take  place  in  either  of  the  conditions  which  have  just  been 
described — i.e.,  in  either  the  acute  or  the  chronic  form  of  gastric  ulcer.  A 
definite  history  of  the  existence  of  one  or  both  of  these  conditions  previous 
to  the  occurrence  of  a  perforation  is  usually  obtainable.  The  symptoms  will 
correspond  to  the  symptoms  relied  upon  for  the  diagnosis  of  acute  or  chronic 
gastric  ulcer.  The  patient  suffers  from  a  very  acute  attack,  the  exciting  cause 
for  which  is  usually  some  rather  severe  physical  exertion.  Occasionally  the 
attack  comes  on  after  some  indiscretion  in  eating.  Veiy  rarely  does  it  occur 
without  any  apparent  exciting  cause.  The  patient  suffers  from  extreme  pain  in 
the  upper  portion  of  the  abdominal  cavity,  and  he  usually  describes  the  pain 
as  coming  on  with  a  feeling  as  though  something  had  ruptured.  The  abdominal 
muscles  immediately  become  tense  and  the  patient  is  in  a  condition  of  severe 
shock.  There  may  be  vomiting  of  stomach  contents  or  of  blood,  or  there  may  be 
nausea,  with  unsuccessful  attempts  at  vomiting.  Physical  examination  elicits  a 
tense  condition  of  all  the  abdominal  muscles,  but  especially  of  those  in  the  upper 
half  of  the  abdomen.  There  is  severe  pain  upon  pressure:  and  in  most  patients, 
but  not  in  all.  there  is  an  absence  of  liver  dulness.  The  condition  of  the  pulse 
indicates  the  presence  of  shock.  At  first,  there  is  no  rise  of  temperature,  but 
this  comes  on  with  the  progress  of  peritoneal  infection.  If  the  condition  is  not 
reheved  early,  the  late  symptoms  are  those  of  peritonitis.  The  presence  of 
liver  dulness  should  never  be  taken  as  positive  evidence  of  the  absence  of  per- 
foration of  the  stomach. 

Operative  Treatment  of  Perforated  Gastric  Ulcer. 

Operation  is  always  indicated  in  perforated  gastric  ulcer,  pro\'ided  the  patient 
comes  under  treatment  during  the  first  twelve  hours  after  the  perforation  has 
taken  place. 

Statistics  show  that  the  mortality  of  these  cases  does  not  exceed  twenty- 
eight  per  cent,  while  that  of  cases  coming  under  treatment  more  than  twent}'- 
four  hours  after  perforation  has  occurred  is  three  times  as  great.  At  this  late 
stage  the  choice  of  operative  treatment  must  depend  upon  the  judgment  of  the 
surgeon.  If  the  condition  present  indicates  the  probability  of  a  closure  of  the 
perforation  by  a  plug  of  omentum  or  by  the  presence  of  adhesions,  it  may  be  wise 
to  sustain  the  patient  ^ith  exclusive  rectal  feeding  until  a  circumscribed  abscess 
has  formed  as  a  result  of  the  infection,  which  abscess  may  then  be  drained. 

Technique  in  the  Simpler  Operations. — In  cases  which  come  under  treatment 
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fairly  early  there  are  a  few  definite  rules  which  should  Ik-  followed: — First, 
there  should  be  made  a  long  median  incision,  extending  from  the  ensiform  ap- 
pendix of  the  sternum  to  a  point  5  cm.  below  the  umbilicus.  Then  an  immediate 
search  should  be  made  for  the  opening  in  the  stomach,  and,  when  found,  it  should 
be  closed  by  means  of  a  pad  held  in  position  while  the  .stomach  contents  which 
have  previously  been  forced  out  of  the  stomach  are  carefully  sponged  away.  In 
searching  for  the  perforation  one  should  proceed  systematically,  in  order  to 
save  time  and  to  avoid  inflicting  a  traumatism  through  manipulation  of  the  parts. 
To  insure  the  finding  of  the  perforation,  the  stomach  should  be  searched  in  the 
following  order:  first,  the  anterior  wall;  second,  the  lesser  curvature;  third, 
the  greater  curvature;  fourth,  the  pylorus  and  duodenum;  and,  fifth,  the  cardiac 
end.  Should  no  perforation  be  found  after  this  search,  the  omentum  and  trans- 
verse colon  should  be  elevated  and  the  lower  portion  of  the  abdominal  cavity 
carefully  packed  away  with  gauze  tampons.  Then  an  opening  should  be  torn 
through  the  non- vascular  portion  about  the  middle  of  the  mesocolon.  If  the 
perforation  has  taken  place  in  the  posterior  surface  of  the  stomach,  some  stomach 
contents  will  appear  in  this  tear  and  should  be  carefully  sponged  away,  and  the 
perforation  in  the  stomach  should  be  treated  in  the  manner  which  will  be  de- 
scribed in  the  treatment  of  perforations  in  other  portions  of  the  stomach.  Usually 
a  perforation  of  the  posterior  wall  of  the  stomach  is  protected  by  adhesions,  so 
that  it  is  not  often  necessary  to  resort  to  the  operation  which  has  just  been 
described. 

In  operating  for  perforations  of  other  portions  of  the  stomach,  the  surgeon 
grasps  the  perforation  as  soon  as  it  is  found,  his  object  being  to  effect  a  tempo- 
rary closure  of  the  opening.  A  careful  search  should  be  made  for  every  soiled 
surface,  and  this  surface  should  be  carefully  sponged,  so  as  to  remove  all  of  the 
stomach  contents,  while  inflicting  at  the  same  time  as  little  injury  as  possible 
to  the  peritoneal  surface.  Before  proceeding  with  the  operation,  the  surgeon 
should  shut  off  the  remaining  portion  of  the  peritoneal  cavity  by  packing  it 
with  gauze  pads.  A  stomach  tube  should  then  be  introduced  and  gastric  lavage 
should  be  carried  out  until  the  water  returns  clear.  Care  should  be  taken  to 
siphon  out  all  of  the  water  so  that  the  stomach  may  be  manipulated,  during  the 
remainder  of  the  operation,  without  danger  of  soiling  the  peritoneum  by  the 
further  forcing  out  of  any  of  the  stomach  contents. 

The  operation  must  accomplish  three  things :  first,  it  must  control  the  hemor- 
rhage; second,  it  must  effect  a  permanent  closure  of  the  opening;  and  third,  it 
must  produce  a  stomach  free  from  any  deformities  which  might  later  lead  to 
obstruction.  The  hemorrhage  has  usually  ceased  by  the  time  the  operation  is 
begun  and  it  is  consequently  not  necessary  to  pay  any  special  attention  to  this 
condition.  If  the  hemorrhage  has  not  ceased,  then  it  is  well  to  place  deep 
sutures  of  catgut  through  the  wall  of  the  stomach  sufficiently  far  back  from  the 
edge  of  the  ulcer  to  prevent  cutting  through  when  the  sutures  are  tied.  The  tis- 
sues are  usually  very  fragile  and  the  sutures  may  easily  cut  through,  unless  they 
are  tied  gently.  With  care  this  complication  can  be  avoided.  The  opening  in 
the  stomach  may  then  be  closed  with  a  row  of  Council  sutures,  covered  bv  a  second 


SURGICAL   DISEASES  OF  STOMACH  AND  (ESOPHAGUS.      343 

row  of  Lonibcrt  sutures.  It  is  usually  best  to  place  the  row  of  sutures  at  right 
angles  to  the  long  axis  of  the  stomach,  to  prevent  such  a  narrowing  of  the  lumen 
of  this  organ  as  might  cause  obstruction.  It  is  best  not  to  place  the  sutures  too 
near  the  margin  of  the  ulcer  because  of  the  (huiger  of  having  them  cut  through 
if  the  patient  should  vomit.  Instead  of  the  Comiell  suture,  one  may  employ, 
with  equally  satisfactory  results,  two  rows  of  Lembert  sutures.  The  first  row 
should  be  placed  quite  deeply  in  order  to  secure  a  firm  hold  upon  the  walls  of  the 
stomach.  The  point  of  the  needle  should  always  engage  in  the  submucous 
connective-tissue  layer.  If  the  approximation  of  the  edges  is  satisfactory 
throughout,  nothing  further  need  be  done;  but,  if  it  is  not  perfectly  satisfactory, 
it  is  well  to  fasten  a  portion  of  the  omentum  over  the  line  of  suture  by  means  of 
a  few  stitches.  If  there  has  been  a  large  extravasation  of  stomach  contents,  a 
drain  should  be  carried  down  through  the  upper  angle  of  the  wound  to  the  line  of 
suture,  and  a  second  drain  should  be  inserted  into  the  cul-de-sac  of  Douglas, 
through  a  second  incision  in  the  median  line  just  above  the  pubis. 

When  the  perforation  is  in  the  pyloric  end  of  the  stomach,  the  right  kidney 
pouch  may  be  infected.  In  this  case  it  is  well  to  insert  a  through  drain  through 
an  opening  in  the  abdominal  wall  just  in  front  of  the  right  kidney,  care  being 
taken  not  to  injure  the  colon.  When  the  perforation  is  located  at  the  cardiac 
end  of  the  stomach  and  there  is  an  infectioa  of  the  left  kidney  pouch,  the  same 
form  of  drainage  should  be  placed  in  front  of  the  left  kidney.  It  matters  little 
whether  glass,  rubber  tube,  or  cigarette  drainage  be  employed.  The  form  of 
drainage  preferred  by  the  author  consists  of  a  split  rubber  tube,  2  cm.  in  diam- 
eter and  containing  a  loose  strand  of  gauze. 

In  case  there  has  been  only  a  slight  amount  of  extravasation,  a  single  drain  in- 
troduced through  the  upper  end  of  the  abdominal  wound  and  extending  down 
to  the  suture  line  will  suffice.  Before  the  abdominal  wound  is  closed,  the  surfaces 
of  the  exposed  intestines,  omentum,  and  stomach  should  again  be  carefully 
sponged,  and,  in  order  not  to  inflict  a  traumatism,  these  surfaces  should  be 
handled  with  the  same  degree  of  care  that  was  recommended  by  us  in  our  de- 
scription of  the  first  attempt  to  cleanse  the  soiled  peritoneal  surfaces. 

If  the  perforation  has  taken  place  at  a  point  near  the  pylorus,  one  may 
reasonably  expect  a  certain  amount  of  obstruction,  and  it  may  become  necessary 
to  perform  a  gastro-enterostomy  for  the  relief  of  this  obstruction.  It  is  rarely 
either  wise  or  necessary  to  perform  gastro-enterostomy  at  the  time  of  closing 
an  acutely  developed  perforation  of  the  stomach,  because  the  additional  time 
required  is  likely  to  be  sufficient  greatly  to  increase  the  gravity  of  the  prognosis. 

Gastro-enterostomy. — Gastro-enterostomy  is  performed,  first,  for  the  relief  of 
obstruction  of  the  pylorus;  second,  for  the  purpose  of  overcoming  the  irritation 
due  to  the  passage  of  food  over  an  ulcer  in  the  pyloric  end  of  the  stomach; 
third,  for  the  drainage  of  a  severely  distorted  stomach;  fourth,  for  the  drainage 
of  a  stomach  containing  an  inoperable  carcinoma  of  the  pylorus;  and,  fifth, 
for  the  purpose  of  establishing  a  conmiunication  between  the  remnant  of  the 
stomach  and  the  intestine  into  which  the  greater  or  smaller  portion  of  the  pyloric 
end  of  the  stomach  has  been  inserted. 
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There  are  four  distinct  operations  which  should  l^e  considered,  because  each 
one  of  these  methods  is  used  with  eminently  satisfactory  results  by  a  number  of 
the  most  experienced  surgeons.  Thej'  will  be  described  in  the  order  of  their 
value. 

The  preliminary  treatment,  the  incision,  and  the  post-operative  measures 
are  the  same  in  all  of  these  operations.  Consequently  they  will  be  described  to- 
gether, while  each  one  of  the  operations  will  receive  individual  attention. 

Preliminary  Treatment. — In  cases  in  which  gastro-enterostomy  is  performed 
for  the  relief  of  an  acute  gastric  hemorrhage,  there  can  be  no  preliminary  treat- 
ment, as  the  operation  is  an  emergency  operation  and  must  be  performed  at  once 
in  order  to  prevent  fatal  hemorrhage.  It  has  been  stated  before,  however,  that 
it  is  seldom  necessary  to  perform  this  operation  for  acute  gastric  hemorrhage, 
because  in  most  instances  it  is  possible  to  carry  the  patient  through  this  con- 
dition, to  overcome  the  consequent  anaemia,  and  thus  to  place  the  patient  in  a 
much  safer  condition  for  operation. 

For  several  days  before  this  operation  it  is  advisable  to  give  careful  attention 
to  the  disinfection  of  the  teeth  and  the  cavity  of  the  mouth.  A  mild  antiseptic 
should  be  used  as  a  mouth  wash  and  gargle,  and  the  teeth  should  be  carefully 
cleaned  several  times  during  the  day.  The  gastro-intestinal  canal  can  be  best 
disinfected  by  giving  the  patient  only  sterilized  concentrated  liquid  nourishment, 
or  by  placing  him  on  exclusive  rectal  feeding  for  from  twenty-four  to  forty-eight 
hours,  and  by  giving  two  ounces  of  castor  oil  in  beer  foam,  at  intervals  of  twenty- 
four  hours,  for  two  or  three  days.  This  will  overcome  the  accumulation  of  gas 
in  the  intestines  and  will  leave  the  gastro-intestinal  canal  fairly  free  from  patho- 
genic micro-organisms. 

If  the  operation  is  performed  for  the  relief  of  pyloric  obstruction,  it  is  well  to 
make  use  of  gastric  lavage  two  or  three  times  a  day  for  several  preceding  days. 
If  the  operation  is  for  the  relief  of  an  obstruction  due  to  carcinoma  and  as- 
sociated with  a  tendency  to  hemorrhage,  it  is  best  to  avoid  this  step.  A  number 
of  antiseptics  have  been  recommended.  Of  those  which  have  been  used  by  the 
author,  oil  of  eucalyptus,  given  in  doses  of  from  five  to  twenty  drops  every  three 
to  six  hours,  has  seemed  to  be  the  least  objectionable.  It  is  doubtful,  however, 
whether  any  of  these  antiseptics  are  of  any  special  value.  Except  in  the  presence 
of  an  open  ulcer  it  is  well  to  irrigate  the  stomach  carefully  and  thoroughly  with 
normal  salt  solution  immediately  before  the  patient  is  anaesthetized.  In  one 
instance,  in  the  author's  experience,  the  patient  showed  a  marked  degree  of 
collapse  after  the  introduction  of  the  stomach  tube,  and  an  immediate  operation 
demonstrated  the  existence  of  an  acutely  developed  perforation.  This  would 
indicate  the  necessity  of  employing  great  care  in  selecting  cases  that  are  safe  for 
the  employment  of  gastric  lavage. 

In  other  cases  the  gastric  lavage  can  be  employed  after  the  abdomen  has 
been  opened.  If  the  stomach  tube  invented  by  Professor  Kausch  is  employed, 
there  is  no  danger  of  inspiration  of  stomach  contents,  provided  the  lavage  is 
carried  out  while  the  patient  is  under  the  influence  of  an  anaesthetic.  If  this 
stomach  tube  is  not  available,  the  foot  of  the  table  should  be  elevated,  the 
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patient's  head  tuniLHl  to  (Uic  side,  and  only  a  -mall  (luantity  of  fluid  should 
be  introduced  through  the  tube  at  a  time.  The  end  of  the  tube  in  the  stomach 
-can  be  guided  by  the  hand  introduced  into  the  abdominal  cavity  through 
the  incision,  and  thus  the  ulcer  will  escape  the  irritation  which  the  tube  is  hable 
to  cause  by  pushing  against  it.  The  stomach  cavity  will  be  ix-rfectly  emptied 
by  the  lavage. 

Abdominal  Incision. — It  is  well  to  make  an  ample  incision,  in  order  that  the 
traumatism  necessarily  caused  by  the  maniinilations  of  the  operation  may  be 
as  slight  as  possible.  The  harm  done  the  patient  by  a  long  incision  is  of  no  im- 
portance as  compared  with  the  harm  done  by  drawing  the  intestines  and  stomach 
through  a  small  opening.  The  shock  following  the  operation  is  largely  due  to 
manipulation  of  the  intestines  and  stomach,  especially  if  there  has  been  a  consider- 
able amount  of  tension  upon  the  mesentery.  With  a  large  incision  traumatism 
can  be  avoided  to  a  great  extent.  The  incision  usually  chosen  extends,  in  the 
median  line,  from  the  ensifomi  appendix  of  the  sternum  to  the  umbilicus.  If 
the  gastric  disease  is  complicated  with  duodenal  ulcer,  cholecystitis,  or  appen- 
dicitis, three  conditions  which  are  quite  common,  it  is  best  to  make  the 
incision  at  a  distance  of  from  2  to  4  cm.  to  the  right  of  the  median  line  and 
parallel  with  it,  the  right  rectus  abdominis  muscle  lieing  split  longitudinally. 
If  this  incision  is  chosen,  care  must  be  taken  not  to  injure  the  deep  epigastric 
vessels  which  lie  between  the  posterior  surface  of  this  muscle  and  the  transver- 
salis  fascia.  The  entire  stomach  should  next  be  carefull}^  inspected  and  palpated, 
and  so  also  should  the  exposed  portion  of  the  duodenum,  as  well  as  the  gaU  blad- 
der and  the  ducts.  The  omentum,  together  \^-ith  the  transverse  colon,  is  now 
drawn  up  into  the  wound,  and  the  small  intestines  vnXh  the  exception  of  the 
upper  end  of  the  jejunum  are  tamponed  away  with  gauze  pads.  All  of  these  steps 
are  the  same,  no  matter  which  method  of  ga.stro-enterostomy  may  be  chosen. 

During  all  of  the  subsequent  manipulations  it  is  important  to  keep  the  field 
of  the  operation  carefully  tamponed  away  from  the  surrounding  structures,  in 
order  to  prevent  soiling.  It  is  also  important  to  leave  all  of  the  .structures  as 
much  as  possible  within  the  peritoneal  ca\'ity.  in  order  to  prevent  shock  from 
exposure  to  the  air. 

The  manipulation  of  the  various  intra-abdominal  organs  should  be  reduced 
to  a  minunmn ;  eveiy  manipulation  should  accompli-sh  a  defiaite  purpose.  The 
success  of  the  operation — no  matter  which  method  be  chosen — depends  very 
largely  upon  the  obseiwance  of  this  precaution.  Mo.st  of  the  complications — 
such,  for  example,  as  post-operative  pnemnonia,  peritonitis,  post-operative  ad- 
hesions, and  shock — are  due  to  unnecessaiy  manipulations  duiing  the  opera- 
tion or  to  the  infection  which  has  resulted  from  the  trauma  caused  by  these 
manipulations. 

Gastro-Enterostomy  by  the  Mo}Tiihan-Mayo  Method. 

The  ]\Ioymhan-]\layo  operation  contains  all  of  the  elements  which  can  l3e 
demanded  from  a  satisfactoiy  operation. 
In  the  first  place  it  is  simple. 
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It  can  readily  be  performed  b}^  any  surgeon  who  is  competent  to  do  ab- 
dominal surgery. 

It  does  not  expose  the  patient  to  a  great  amount  of  shock. 

It  places  the  opening  at  the  lowest  point  of  the  stomach. 

It  provides  an  opening  sufficiently  large  to  guard  against  secondary  ob- 
struction due  to  contraction. 

It  establishes  an  immediate  communication  between  the  stomach  and  the 
jejunum. 

It  supplies  a  direct  passage  without  angulation  of  the  intestine. 


Fig.  108. — Diagram  Showing  the  AppUcation  of  Tenaculum  Forceps  to  the  Lowest  Point  in  tlie 
Greater  Curvature  of  the  Stomach,  as  recommended  by  W.  J.  Mayo.  Tlie  dotted  Kne  shows  the 
forceps  passing  behind  the  omentum  and  transverse  colon  through  the  mesocolon  to  the  lowest  point 
in  the  stomach,  a,  Cardiac  end  of  stomach;  b,  the  pyloric  end;  c,  area  of  disease;  p,  narrowed 
pylorus;  d,  duodenum. 

It  leaves  no  loop  which  later  might  cause  strangulation  of  the  small  intestine 
passing  through  it. 

It  provides  against  soiling  with  intestinal  or  stomach  contents  during  the 
operation. 

It  prevents  the  possibility  of  hemorrhage  either  during  or  after  the  operation. 

In  order  to  appreciate  this  method  fully  it  is  important  to  bear  in  mind  the 
anatomical  relations  of  the  greater  curvature  of  the  stomach  to  the  upper  end 
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of  the  jojiiiuim.  Ordinarily  tho  greater  curvature  of  the  stomach  overlaps  the 
jejunum  thi'ou^hout  a  distance  of  from  5  to  (>  cm.  The  location  of  the  jejunum 
corresponds  ver}'  nc^irl}-  to  the  lowest  portion  of  the  greater  curvature  of  the 
stomach;  it  is  of  the  or(>atest  importance  to  place  the  opening  in  the  stomach 
at  the  lowest  point.  Mayo  has  pointed  out  the  fact  that,  by  doing  this,  it  is  pos- 
sible, in  almost  every  case,  to  prevent  regurgitant  vomiting  after  gastro-enter- 
ostomy.     That  this  occurrence,  commonly  called  'Sacious  circle,"  can  thus  be 


Fig.  109. — Diagram  Showing  that  Portion  of  the  Lowest  Part  of  the  Stomach  which  has  been 
drawn  through  an  Opening  in  the  Transverse  Mesocolon.  The  dotted  hnes,  a,  b,  indicate  the  location 
and  direction  of  the  proposed  opening  in  this  part  of  the  stomach,  and  the  dotted  lines,  a',  b',  the  pro- 
posed opening  in  the  jejunum. 

prevented,  has  also  been  proven  in  a  large  number  of  cases  operated  upon  by 
the  author. 

According  fo  Lewis,  in  about  eighty  per  cent  of  all  cases  the  direction  fol- 
lowed by  the  jejunum,  after  passing  through  the  mesocolon,  is  from  the  upper 
right  hand  to  the  lower  left.  Consequently  the  opening  on  the  posterior  surface 
of  the  stomach  should  extend  in  this  direction,  as  advised  by  Mayo  and  Munro. 

Fig.  108  illustrates  a  plan  which  Mayo  has  devised  for  locating  the  point  in  the 
lower  margin  of  the  greater  curvature  of  the  stomach  which  corresponds  accu- 
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rately  to  the  point  at  which  this  margin  crosses  the  ckiodeniim.  This  j^ioint  is 
located  and  permanently  marked  by  passing  a  mouse-tooth  tenaciihim  forceps 
through  the  mesocolon  and  fastening  it  to  the  desired  point.  The  stomach  is 
then  drawn  out  through  the  abdominal  incision,  as  shown  in  Fig.  109,  and  an 
opening  is  torn  in  the  mesocolon  at  a  non- vascular  point  opposite  the  crossing 
of  the  jejunum.  (Fig.  109.)  A  second  pair  of  delicate  forceps  is  then  applied 
upward  and  to  the  right  of  the  point  of  application  of  the  first  forceps,  at  a 
distance  of  from  5  to  7  cm.  according  to  the  degree  of  gastric  dilatation.  This 
distance  should  be  greater  in  cases  in  which  the  degree  of  dilatation  of  the  stomach 
is  marked,  because,  when  the  post-operative  contraction  occurs,  the  gastro- 


FlG. 


110. — Diagram  Showing  Portions  of  Stomach  and  Jejunum   held  together  in   Position  by 
Means  of  Clamps;  clamp  d  being  on  the  stomach  and  clamp  e  on  the  jejunum. 


enterostomy  opening  will  decrease  to  correspond  with  the  degree  of  diminution 
in  the  size  of  the  stomach.  A  pair  of  forceps  is  then  applied  to  this  portion  of 
the  stomach,  as  shown  in  Fig.  110,  care  being  taken  to  secure  a  sufficient  amount 
of  projection  of  the  stomach  wall  beyond  the  forceps  to  prevent  tension  during 
the  act  of  suturing.  It  is  well  to  protect  the  blades  by  drawing  over  each  of  them 
a  piece  of  thin  soft-rubber  tubing,  although  this  is  not  done  by  all  surgeons. 
The  jejunum  is  next  grasped  in  the  same  manner,  the  portion  chosen  being  a 
spot  from  1  to  3  cm.  from  the  point  at  which  the  intestine  passes  through  the 
mesocolon,  as  shown  in  Fig.  109,  a'  to  b'.  The  intestinal  wall  is  grasped  by  the 
forceps  in  the  same  manner  as  is  the  stomach  wall,  and  the  two  forceps  are 
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placed  silk-  by  side,  as  shown  in  Fig.  110.  The  stei)s  indicated  in  Figs.  Ill,  112, 
113,  114,  115,  11(3,  and  117  are  then  carrii'd  out,  with  the  result  that  the  jejunum 
remains  permanently  attached  to  the  stomach,  as  shown  in  Fig.  111.  The  tear 
in  the  meso-colon  is  next  mended  by  suturing  this  border  to  the  jejunum  just 


Fig    111  -First  Step  in  the  Actual  Uniting  of  the  Stomach  and  Intestine.     Clamp  d  is  on  the 
■      stomach  and  clamp  e  on  the  jejunum,  and  the  posterior  Lembert  suture  is  m  place. 


Ftp  n'>-In  this  Diagram  a  further  Step  has  been  made  in  the  Operation  for  EstabUshmg 
Anasl^most  between  the  Stomach  and  the  Intestine.  The  opening  in  the  former  organ  has  been 
completed  and  that  in  the  jejunum  has  been  begun. 

beyond  the  line  of  suturing,  as  shown  in  Fig.  118.    The  surface  is  then  care- 
fully sponged,  and  the  abdominal  wound  closed. 

It  is  important,  especially  in  cases  in  which  there  is  much  fat  in  the  mesocolon, 
to  make  the  scar  sufficiently  large  to  prevent  subsequent  contraction  and  ob- 
struction. 
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The  steps  of  the  operation,  as  shown  in  Figs.  111-117,  are  very  simple.  The 
first  step  consists  in  placing  a  continuous  row  of  Lembcrt  sutures,  as  shown  in 
Fig.  Ill,  the  stomach  and  intestine  being  still  intact.  The  next  step  consists  in 
making  in  each  of  these  two  organs  an  opening  a  little  shorter  than  the  row  of 
sutures  that  has  just  been  applied.    (Figs.  112  and  113.)    The  opening  should  be 


Fig.  113. — In  this  Diagram  the  Two  Openings  are  Represented  as  liaving  been  completed;  and 
the  first  suture,  b,  wliich  passes  through  all  the  layers  of  the  intestinal  and  stomach  walls,  is  shown  to 
be  in  place. 


Fig.   114. — Diagram  Showing  the  Relations  of    some  of    the  Deeper  Parts  of    the  Anastomosis. 

(For  details,  consult  the  text.) 

at  least  5  cm.  in  length.  Care  must  be  taken  not  to  permit  any  soiling  from  the 
stomach  or  intestinal  contents  which  may  be  contained  in  the  small  portion  which 
is  held  in  the  grasp  of  the  forceps.  This  portion  is  carefully  sponged,  and  then 
the  edges  of  the  stomach  and  the  intestines  are  sutured  by  a  continuous  suture, 
preferably  chromicized  catgut,  as  shown  in  Fig.  113. 
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Fig.  114  shows  in  tho  foivg round  the  supciiicial  row  of  sutures  which  briiiff 
together  ah  the  hiyers  of  the  stomach  and  the  intestine  and  which  pass  through 
the  entire  thickness  of  the  walls,  while  at  a  deeper  level  may  be  seen  the  row  of 
Lemhert  sutures  which  were  first  ai)plii>d.  In  Fig.  115  the  sutures  have  been 
carried  around  in  front  so  as  to  bring  together  the  anterior  edges  of  the  anasto- 
mosis wound.  In  Fig.  116  this  row  of  sutures  has  been  completed,  and  the 
anterior  I.embert  suture  is  being  applied,  the  clami)s  having  been  removed  to 
facilitate  this  step.  It  is  best  to  arrange  the  beginning  and  ending  of  these  I'ows 
of  sutures  in  such  a  way  as  to  prevent  the  final  tying  of  the  sutures  from  coming 
exactly  in  the  same  place,  because  this  might  cause  a  slight  defect — a  defect, 
however,  which  can  be  easily  corrected  by  placing  one  or  two  additional  Lembert 
sutures  at  this  point.  It  is  still  better  to  begin  the  Lembert  suture  to  the  right 
of  the  proposed  gastro-enterostomy  opening  and  the  suture  which  grasps  all  the 


Fig.  115. — Diagram  Showing  a  Still  Later  Stage  of  the  Operation.  Here  both  the  posterior  sutures 
are  completed  and  the  through  suture  is  half  completed  anteriorly.  (N.B.  b  and  6'  have  been  drawn, 
both  here  and  in  the  other  figures,  so  as  to  look  like  h  and  h'.) 

layers  to  the  left,  by  which  arrangement  the  points  of  tying  of  these  two  sutures 
wiU  be  placed  at  the  greatest  possible  distance  apart. 

It  does  not  matter  whether  the  deep  sutures  are  applied,  according  to  ^loyni- 
han's  method,  in  the  form  of  a  glover's  suture,  with  the  stitches  placed  closely 
enough  to  each  other  to  prevent  hemorrhage,  or  whether  Connell  sutures  are 
employed,  as  introduced  by  C.  H.  Mayo.  The  number  of  stitches  necessary  in 
this  latter  method  is  only  one-half  as  great,  and  for  this  reason  some  surgeons 
may  prefer  this  method.  ,  This  suture  will  be  described  fully  in  connection  with 
the  Connell  method  of  gastro-enterostomy  {-p.  365);  it  will  therefore  not  be 
necessary  to  describe  it  at  this  point. 

Fig.  119  shows  the  relative  positions  of  the  stomach,  duodenum,  jejunum,  and 
transverse  colon  after  the  completion  of  the  operation.  It  also  shows  the  direc- 
tion of  the  gastro-enterostomy  opening  and  its  location  at  the  lowest  point  of  the 
greater  curvature  of  the  stomach.    Theoretically,  this  operation  establishes  the 
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best  possible  conditions;  a  large  number  of  clinical  results  obtained  by  this 
method  seem  to  indicate  that  it  will  ultimatel}^  be  accepted  as  the  ideal  gastro- 
enterostomy. 

Gastro-enterostomy  by  Means  of  the  McGraw  Elastic  Ligature. 

This  method,  which  will  be  described  in  detail  farther  on,  has  been  found 
most  satisfactory  in  all  cases  in  which  there  is  not  a  complete  obstruction  of 
the  pylorus.    If  there  is  a  complete  obstruction  of  the  pylorus  there  can  be  no 


Fig.  116. — In  this  Diagram  the  Through  Suture  is  Represented  as  Being  Entirely  Completed  and 
the  Anterior  Lembert  Suture  as  Half  Completed.     The  clamps  have  been  removed. 


Fig.  117. — This  Diagram  Represents  the  Operation  as  Completed,   Only  the  Anterior  Lembert 

Suture  Being  Visible. 

drainage  into  the  intestinal  canal  from  the  stomach  for  at  least  one  or  two  days. 
There  may  be  an  accumulation  of  fluid  in  the  stomach  which  cannot  pass  into 
the  intestines  until  the  constricting  rubber  band  has  caused  a  sufficient  amount 
of  pressure  necrosis  to  establish  a  communication.  Ordinarily  this  accumulation 
of  fluid  is  not  a  matter  of  importance  because  it  can  readily  be  evacuated  by  the 
use  of  gastric  lavage.    In  patients  who  are  greatly  reduced  in  strength  it  is  often 
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desirable  to  give  some  form  of  eoncentratcd  pivdi^cstcd  food  by  way  of  the;  mouth, 
soon  after  the  operation  has  been  performed,  and  in  these  cases  food  cannot 
of  course  be  safely  given  by  way  of  the  mouth,  .since  it  cannot  pass  from  the 
stomach  into  the  intestines  if  this  method  of  oi)cration  is  chosen.  Moreover,  it 
has  been  demonstrated  clinically  that  the  (>lastic  ligature  accomplishes  its  ob- 
ject much  more  slowly  in  patients  who  are  greatly  reduced  in  strength  than  it 
does  in  those  who  are  vigorous.  A  certain  amount  of  vital  energy  seems  to  be 
required  if  pressure  necrosis  is  to  take  place.    It  has  been  found  at  autopsies, 


Fig.  118. — In  this  Diagram  is  Shown  the  Manner  in  which  the  Jejunum,  after  Being  Attached 
to  the  Stomach  at  the  Spot  where  the  Anastomosis  is  to  be  Established,  is  Itself  Sutured  to  the  Meso- 
colon in  such  a  Manner  as  Completely  to  Close  the  Tear  in  that  Structure. 


in  these  greatly  reduced  cases,  that,  after  the  lapse  of  from  three  days  to  a  week, 
the  ligature  had  failed  to  cause  the  degree  of  pressure  necrosis  necessary  for  the 
completion  of  the  gastro-enterostom3^  Experiments,  on  the  other  hand,  have 
shown  that,  in  cases  in  which  the  tissues  were  more  nearly  normal,  the  ligature 
cuts  its  way  entirely  through  in  from  two  to  five  days.  For  this  reason  it  is  wise 
not  to  employ  this  method  in  patients  who — by  reason  of  the  fact  that  they  have 
experienced  one  or  more  severe  hemorrhages,  or  because  they  are  in  a  state  of 
advanced  cachexia  due  to  the  presence  of  carcinoma — are  very  greatly  reduced  in 
strength.  In  all  other  cases  this  method,  if  carefully  applied,  has  given  most 
satisfactory  results.  The  author  has  employed  it  in  more  than  two  hundred 
cases  and  has  obtained  clinical  results  quite  equal  to  those  obtained  with  the 
method  previously  described.  On  the  whole,  however,  he  prefers  the  latter 
method,  and  he  has  employed  it  in  a  much  larger  number  of  cases. 
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The  advantages  of  this  operation  are  the  following: — 
It  is  exceedingly  simple. 

It  necessitates  but  a  slight  amount  of  manii)ulation  and  therefore  reduces 
traumatism  to  a  minimum. 

There  is  no  soiling  of  the  tissues  with  intestinal  or  gastric  contents. 

It  prevents  the  possibility  of  a  post-operative  hemorrhage. 

The  opening  can  be  made  of  any  desired  length. 

The  operation  can  be  performed  quickly. 

It  requires  no  special  skill  or  ingenuity. 

The  patient  shows  ver}^  little,  if  any,  shock  after  the  operation. 


Fig.  119. — Diagram  Showing  the  Relative  Positions  of  the  Stomach,  Duodenimi,  .Jejunum,  and  Trans- 
verse Colon  after  the  Completion  of  Posterior  Gastro-enterostomy.    (The  Moynihan-Mayo  method.) 

He  is  relatively  free  from  pain,  and  can  usually  sit  up  in  bed,  with  the  aid  of  a 
head-rest,  a  few  hours  after  the  operation. 

The  method  should  not  be  employed  in  making  a  pyloroplasty. 

It  should  not  be  used  in  making  a  cholec3^stenterostomy. 

The  edges  of  the  gastric  opening  are  perfectly  smooth  and  the  amount  of  cica- 
tricial tissue  resulting  from  the  operation  is  very  small. 

The  only  objections  to  the  operation  are  to  be  found  in  the  facts  that  the 
rubber  ligature  employed  sometimes  becomes  brittle  with  age  and  that  there  is 
not  immediately  produced  a  communication  between  the  stomach  and  the  in- 
testine. 
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With  increasing  cxixM-icnce  the  surgeon  takes  less  and  less  kindly  to  mechan- 
ical moans  in  all  forms  of  intestinal  surgery,  and  for  this  reason,  more  than  for 
any  other,  this  method  has  failed  to  be  acce[)ted  generally  by  surgeons.  The 
author's  experience  with  this  method  has  proven  it  worthy  of  recognition,  and 
he  believes  that  it  is  excelled  only  by  the  method  just  described  as  the  Moynihan- 
]\Iayo  method. 

Contrary  to  the  author's  experience,  H.  0.  Walker  reports  excellent  results 
in  pyloroplasty  performed  by  this  method  in  a  sufficiently  large  number  of  cases 
to  merit  recognition. 

Technique  of  the  Operation. — In  this,  as  in  the  preceding  operation,  it  is 
preferable  to  make  a  posterior  gastro-enterostomy  through  a  tear  in  the  meso- 
colon, the  beginning  of  the  jejunum  being  united  with  the  lowest  portion  of  the 
greater  curvature  of  the  stomach.    The  preparatory  steps  are  the  same  as  in  the 


Fig.  120. — A  Second  Diagram  Showing  the  Relative  Positions  of  the  Duodentim,  Jejunum,  and 
Transverse  Colon,  after  the  Completion  of  the  Mo>Tiihan-Mayo  Operation.     The  colon  and  small  m-. 
testine  have  been  lifted  up  in  such  a  manner  as  to  show  the  hne  of  stitching  on  the  posterior  aspect 
of  the  bowel. 

prececUng  operation.  The  transverse  colon  is  drawn  out  of  the  abdominal  in- 
cision and  the  beginning  of  the  jejunum  is  located  where  it  passes  out  from  under- 
neath the  mesentery  of  the  transverse  colon.  A  hole  is  torn  in  the  mesentery  of 
the  transverse  colon,  as  sho^um  in  Fig.  109. 

To  make  the  various  steps  of  this  operation  clear  and  concise  the  author 
has  fomiulated  a  series  of  directions  which,  in  order  that  the  operation  may  be 
perfoi-med  safely  and  that  satisfactory  results  may  be  obtained,  should  be  care- 
fully heeded.    These  directions  are  as  follows: — 

1.  A  round  rubber  cord,  2  mm.  in  diameter,  made  of  the  best  material, 
should  be  used. 

2.  A  posterior  row  of  Lembert  sutures  should  be  applied  in  the  manner 
shown  in  Fig.  121. 

3.  A  long  straight  needle,  armed  with  the  rubber  ligature,  is  next  passed 
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into  the  liinicn  of  the  intestine  and  out  attain  at  the  desired  distance  (from  5  to 
10  cm.)  away  from  the  ])oint  of  introduction. 

4.  While  an  assistant  holds  the  intestine  the  surgeon  stretches  the  rubber  in 
the  needle,  and  when  it  is  quite  thin  he  draws  it  rapidly  through  the  intestine. 

5.  The  same  step  is  repeated  through  the  stomach,  as  shown  in  Fig.  122. 

6.  A  strong  silk  ligature  is  placed  across  and  underneath  the  rubber  ligature, 
between  the  latter  and  the  point  where  the  stomach  and  the  intestine  come 
together,  as  shown  in  Fig.  123. 

7.  A  single  tie  is  made  in  the  rubber  ligature  after  the  latter  has  been  drawn 
very  tightly. 

8.  The  silk  ligature  is  passed  around  the  ends  of  the  rubber  ligature  where 
they  cross,  and  is  tied  securely  three  times,  as  shown  in  Fig.  124. 


Fig.  121. — Diagram  Illustrating  the  Operation  of  Gastro-enterostomy  with  McGraw  Elastic 
Ligature.  The  posterior  row  of  Lembert  sutures  {g)  is  in  place.  The  lowest  portion  of  the  greater 
curvature  of  the  stomach  is  chosen.  In  posterior  gastro-enterostomy  this  must,  of  course,  be  drawn 
through  the  opening  in  the  mesocolon.      This  is  not  shown  in  this  and  the  succeeding  diagrams. 

9.  The  ends  of  the  rubber  ligature  are  released  and  cut  off,  the  ligature  it- 
self being  held  by  the  silk  ligature. 

10.  The  Lembert  suture  is  continued  around  the  front  until  the  point  of  its 
beginning  is  reached,  at  which  point  the  two  ends  are  tied,  as  shown  in  Fig.  125. 

11.  Care  should  be  exercised  to  prevent  tying  the  rubber  ligature  too  far 
backward  and  thus  getting  behind  the  posterior  row  of  Lembert  sutures. 
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(.iMstro-cnterostoiii}'  hy  the  Method  Advised  l)y  Roiix. 

In  order  to  overcome  the  tendency  to  regurgitant  vomiting,  Roux  has  prac- 
tisetl  the  following  operation.  The  same  preliminary  steps  that  have  been  de- 
scribed on  a  preceding  page  are  also  re(|uircd  in  this  operation.  The  jejunum 
is  located  and  a  looj)  of  this  intestine  is  brought  into  the  wound  and  held  by  means 
of  a  clamp  the  jaws  of  which  are  covered  with  rubber  tu])ing  to  prevent  injury  by 
crushing,  as  shown  in  Fig.  126.  A  second  clamp  is  then  ai^i)lied  to  the  lowest  point 
of  the  stomach,  as  shown  in  the  Moynihan-Mayo  method.     (Fig.  110,  at  a.) 

The  length  of  the  loop  of  the  jejunum  should  be  at  least  20  cm.  (from  20  to 


Fig.  122. — Diagram  Showing  the  Second  Stage  of  the  Operation.  (See  Fig.  121.)  The  McGraw 
hgature,  armed  with  the  large  needle  b,  is  in  place,  and  the  posterior  continuous  Lembert  suture  (a) 
is  sho^Ti. 

to  30  cm.).  The  jejmuim  is  then  cut  off  at  a  (Fig.  126),  and  the  extremity  b  is  im- 
planted into  the  other  end  of  the  jejunum,  laterally,  at  c,  while  the  end  d  is  carried 
up  to  the  lowest  point  of  the  stomach  at  the  point  e  where  it  is  implanted. 

The  clamp  compressing  the  jejunum,  and  the  clamp  compressing  the  lower 
edge  of  the  stomach,  are  not  removed  until  the  operation  is  completed.  (Fig. 
127.)    In  this  manner  all  soiling  may  be  prevented. 
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The  anastomosis  between  the  end  b  and  the  side  c  (Fig.  120)  may  be  ac- 
comphshed  b}^  the  nse  of  the  Murphy  button,  as  shown  in  Fig.  128,  but  it 
may  also  be  accomphshed  by  means  of  the  Connell  suture,  or  by  means  of  a 
row  of  deep  sutures  and  a  superficial  row  of  Lembert  sutures.  The  same  is 
true  of  the  anastomosis  betw'een  the  end  d,  of  the  jejunum,  and  the  opening  e 
in  the  stomach.  The  diagram  of  the  completed  operation  is  shown  in  Fig.  127, 
the  two  branches  of  the  jejunum  forming  the  letter  y.  In  this  operation  the 
suture  method  is  replacing  that  by  means  of  the  button  in  the  hands  of  most 
surgeons. 

This  operation  can  be  performed  as  an  anterior  or  as  a  posterior  gastro- 


FiG.  123. 


-Diagram.  Showing  the  Third  Stage  of  the  Operation.     A  single  tie  lias  been  made  in 
the  McGraw  ligature  (I)  and  the  silk  cord  (b)  is  in  place  but  still  untied. 


enterostomy.  In  case  the  anterior  gastro-enterostomy  is  employed,  the  loop 
must  be  twice  as  long  as  when  the  posterior  gastro-enterostomy  is  performed. 
There  is  of  course  a  serious  objection  to  this,  in  that  it  eliminates  all  that  portion 
of  the  chiodenum  and  the  jejunum  which  lies  between  the  point  a  and  the  point 
6  (Fig.  126)  from  contact  with  food  in  the  process  of  digestion. 

The  second  objection  is  to  be  found  in  the  fact  that,  if  an  anterior  gastro- 


SURGICAL   DISEASES  OF  STOMACH  AND  (ESOPHAGUS.      359 

enterostomy  is  made  by  this  method,  the  branch  of  the  duodenum,  a  b  (Fig.  126), 
will  l^e  behind  the  omentum  and  colon,  while  the  other  jjortion,  a  c,  will  l^e  in 
front  of  these  structures — a  condition  which  is  likcl}^  to  produce  a  consideral)le 
amount  of  tension.  Moreover,  unless  the  mesenteiy  of  the  jejimum  is  unusu- 
ally long,  it  is  difficult  to  separate  the  parts  b  and  d  to  so  great  a  distance  \\  ith- 
out  causing  tension  ui)on  the  mesentery  of  this  intestine. 

Gastro-enterostomy  with  the  Murphy  i^utton. 

There  is  no  gastro-enterostoni}' operation  more  simple  than  that  performed 
by  means  of  the  Murphy  button.    The  following  are  its  chief  characteristics: — 
It  requires  but  a  small  amount  of  time. 


Fig.  124.— Diagram  Showing  the  Fourth  Stage  of  the  Operation.  The  McGraw  ligature  (I)  is 
tied  very  tightly  and  the  silk  cord  (b)  is  dra\\-n  tightly  around  both  ends,  to  prevent  slipping.  The 
long  ends  of  the  rubber  hgature  have  not  as-  yet  been  cut  short. 

The  amount  of  manipulation  is  very  slight. 

The  operation  can  easily  be  done  by  operators  who  have  but  a  moderate 
amount  of  practical  experience  in  intestinal  surgery. 

It  leaves  an  anastomosis  ^dth  the  fewest  possible  adhesions. 

It  leaves  the  least  amount  of  cicatricial  tissue  about  the  gastric  opening. 

It  precludes  the  possibility  of  post-operative  hemorrhage. 
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There  are  but  two  objections  to  the  operation: — First,  it  is  not  possible  to 
make  an  opening  more  than  4  cm.  in  length,  even  if  the  oblong  button  illustrated 
in  Fig.  128,  h  is  employed;  and,  in  case  there  is  a  marked  dilatation  of  the 
stomach  at  the  time  of  the  operation,  the  opening,  by  the  time  this  organ 
has  been  reduced  to  the  normal  size,  will  be  too  small  to  drain  the  stomach 
properly.  It  has  consequently  been  necessary,  in  a  considerable  number  of 
these  cases,  to  make  a  secondary  operation  for  the  purpose  of  enlarging  this 
opening. 

A  second  objection  is  to  be  found  in  the  fact  that  the  union  between  the  in- 
testine and  the  stomach  does  not  become  firm  for  some  time  after  the  operation 
has  been  performed,  and  in  a  number  of  these  cases  there  has  been  a  separation 


Fig.  125. — Diagram  Showing  the  Completed  Operation,  with  the  Anterior  Lambert  Suture  (a) 
Finished  and  the  Ends  Tied  at  the  Beginning  of  the  Suture. 


of  this  union  with  leakage  into  the  peritoneal  cavity.  In  the  author's  experi- 
ence this  accident  has  occurred  twice.  Once  it  was  due  to  a  sudden  paroxysm 
of  vomiting  which  tore  the  intestine  entirely  loose  from  the  stomach  on  the 
seventh  day,  after  the  patient  had  made  a  perfectly  normal  recovery.  In  the 
second  patient  there  was  a  partial  separation,  with  a  consequent  leakage.  This 
case  had  progressed  normally  until  the  tenth  day  after  the  operation,  when  the 
patient  made  a  quick  motion  which  resulted  in  the  separation  of  the  intestine 
from  the  stomach,  with  partial  leakage. 
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In  order  to  prevent  this  accident,  many  surgeons  re-enforce  the  anastomosis 
by  the  introduction  of  from  two  to  four  Lembert  sutures.  It  is  important  to 
remember  that  a  continuous  suture  should  never  be  used  in  connection  with  the 
Murphy  button,  because  it  may  prevent  the  latter  from  ])assiii^-  on  through  the 
intestine  when  union  has  taken  i)lace.  This  objection  does  not  obtain  with 
interrupted  sutures. 

This  operation  is  indicated  especially  in  cases  of  inoperable  carcinoma  of  the 
pylorus  with  obstruction,— cases  in  which  the  patient  is  greatly  reduced  in 


Fig.  126.-Diagram  Showing  Roux's  Method  of  Gastro-enterostomy.  s  Stomach,  V'  V^^°'^^'_ 
e,  point  at  lower  part  of  stomach  chosen  for  anastomosis;  /,  jejunum;  «'  l-l^*  ^^.^^^^J  ^-d^T^er 
d,  end  to  be  attached  to  point  e  in  greater  curvature  of  stomach;  c,  pomt  of  anastomosis  ^Mth  b  alter 
the  jejunum  has  been  severed  at  a. 

Strength  as  a  result  of  malnutrition.  It  is  also  indicated  in  cases  in  which  the 
surgeon  finds  that  the  amount  of  time  that  would  be  requn-ed  for  makmg  the 
suture  anastomosis,  would  be  a  menace  to  the  patient.  In  these  cases  it  is  well 
to  make  an  anterior  gastro-enterostomy,  as  shown  in  Fig.  129.  In  this  operation 
the  following  points  must  be  borne  in  mind:— 

First  the  opening  in  the  stomach  should  be  made  at  the  very  lowest  point 
of  this  organ,  as  shown  at  h,  Fig.  129.  The  presence  of  the  large  branches  of  the 
gastro-epiploic  artery  at  this  point  frequently  causes  surgeons  to  place  the 
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gastric  opening  on  the  anterior  surface  of  the  stomach,  at  the  point  a,  Fig.  129. 
This  blunde-r  causes  regurgitant  vomiting  in  a  large  number  of  cases. 

Second,  the  loop  of  the  jejunum  {c,  Fig.  129)  should  be  sufficiently  long  to 
pass  around  the  transverse  colon  and  the  omentum  without  stretching,  and 
without  causing  constriction.  The  distance  between  the  point  of  anastomosis 
at  c  (Fig.  129)  and  the  mesentery  of  the  transverse  colon  should  be  about  40  cm. 
The  circular  suture  is  applied  as  shown  at  b  (in  same  figure),  care  being  taken  to 
pass  the  needle  quite  through  all  the  tissues,  so  that  the  vessels  contained  in  the 
stomach  wall  shall  be  firmly  grasped  by  this  suture.    After  the  suture  has  been 


Fig.  127. — Diagram  Showing  the  Roux  Gastro-enterostomy  Completed. 

applied,  the  incision  is  made  down  to  the  mucous  membrane,  and  a  portion  of  this 
membrane  is  cut  away,  care  being  taken  not  to  sever  suture  b  while  this  is  being 
done.  The  opening  is  made  only  just  long  enough  to  permit  the  introduction 
of  the  button  without  tearing  the  edges.  In  case  the  oblong  button  (Fig.  128,  b) 
is  used,  this  is  inserted  parallel  to  the  gastro-epiploic  vessels.  The  opening  in 
this  case  need  not  be  very  long,  because  of  the  narrow  shape  of  the  instrument. 
Many  surgeons  who  became  accustomed  to  the  use  of  this  instrument  before  the 
introduction  of  a  satisfactory  suture  method,  still  continue  its  use,  but  it  is  likely 
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that  in  xhv  future  this  method  will  give  way  entirely  to  the  suture  method. 
Anterior  gastro-enterostomy  with  the  Murphy  button  will  undoubtedly  be 
Hmited  in  its  appUcation  to  cases  of  inoperable  carcinoma  of  the  stomach.  For 
the  relief  of  benign  pyloric  obstiiiction,  the  posterior  method  will,  as  it  seems 
to  us.  be  adopted  almost  universally. 

Posterior  Gastro-enterostomy. 

In  describing  this  operation  I  shall  sim})ly  (juote  from  my  former  work  on  the 
same  subject.  Lift  up  the  large  omentum;  open  the  lesser  peritoneal  cavity 
through  the  non-vascular  zone  of  the  mesocolon,  fix  the  mesocolon  to  the  pos- 
terior wall  of  the  stomach,  about  8  cm.  from  the  pylorus  and  close  to  the  lower 
border,  with  four  stitches,  leaving  room  in  the  exposed  gastiic  area  for  the 
insertion  of  the  button.     This  converts  a  ])ortion  of  the  posterior  wall  of  the 


Fig.    12S. — Round  and  Oblong  Murphy  Buttons,  with  Button  Forceps 

button  and  key;  c,  button  forceps. 


a.  Round  button:   b.  oblong 


stomach  from  a  lesser  to  a  greater  peritoneal  surface.  It  prevents  the  edges  of 
the  chvided  mesentery  from  forcing  themselves  between  the  edges  of  the  stomach 
and  duodenum,  an  occurrence  which  is  responsible  for  many  failures  of  union. 
The  jejunum  is  then  brought  out,  and  two  long  floss  needles,  both  held  parallel 
to  the  branches  of  the  gastro-epiploic  arteiy  and  attached  to  opposite  ends  of 
one  and  the  same  linen  thread,  are  inserted  in  the  jejunal  wall  for  a  distance  of 
3  cm.  The  points  of  the  needles  face  the  operator  and  the  needles  lie  parellel 
to  each  other  and  at  a  distance  of  from  5  to  10  cm.  from  the  ligament  of  Treitz. 
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The  intestinal  ^^'all  is  divided  between  the  needles,  which  act  as  a  splint.  An 
opening,  2  cm.  in  length,  affords  sufficient  room  for  the  introduction  of  the 
button.  Half  of  the  button  is  inserted,  the  puckering  string  is  tied,  and  the 
cylinder  is  grasped  with  the  flat  button-forceps  (Fig.  128,  c),  which  extends  out  to 
the  operator's  right.  The  opening  of  the  cylinder  during  this  time  should  be 
plugged  with  gauze.  The  jejunal  fold  is  covered  with  a  sponge,  the  under  sur- 
face of  the  stomach  is  drawn  forward,  and  the  needles  are  inserted  facing  the 
operator.  The  stomach  wall  is  divided  for  a  distance  of  2  cm.,  the  thread  drawn 
through,  the  button  inserted,  and  the  puckering  string  tied.     The  cylinder  is 


Fig.  129. — Diagram  Representing  Anterior  Gastro-enterostomy  with  the  Murphy  Button.  The 
dotted  Une  at  a  indicates  the  position  in  which  the  gastro-enterostomy  opening  was  formerly  often 
placed  by  mistake — a  blunder  which  caused  regurgitant  vomiting,  h  Shows  the  gastro-enterostomy 
opening  in  the  proper  position  at  the  lowest  point  in  the  greater  curvature  of  the  stomach,  the  suture 
e  being  in  place;  c  indicates  the  location  of  the  incision  in  the  jejunum.  This  incision  is  made  longi- 
tudinally and  the  suture  e'  is  in  place. 

grasped  with  the  flat  button-holding  forceps,  the  latter  being  placed  with  the 
handles  extending  out  to  the  operator's  left.  Both  button-holders  are  now 
grasped  and  both  cylinders  are  invaginated.  The  lower  holder  should  be  re- 
moved first  and  afterward  the  other,  and  the  halves  of  the  button  should  be 
pressed  carefully  together.  Four  additional  interrupted  Lembert  sutures  are 
placed  at  equal  intervals  around  the  button  to  give  additional  security.  The 
oblong  button  (Fig.  128,  h)  acts  as  a  splint  during  the  repairing  process,  and  it 
also  prevents  the  kinking,  which  is  one  of  the  consequences  of  suture.  The 
abdomen  is  then  closed. 
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Gastro-entorostoniy  with  the  Coniicll  Method  of  Suturing. 

At  this  point  it  may  be  well  to  describe  a  method  of  suturing  which  is  ex- 
tremely simple  and  at  the  same  time  gives  most  excellent  results,  if  carried  out 
with  due  accuracy.  The  method  has  all  the  advantages  of  the  Moynihan-Mayo 
method,  together  with  that  of  greater  simplicity. 

Steps  of  the  Operation. — The  posterior  wall  of  the  stomach  is  exposed  after 
the  method  described  above.  A  fold  of  the  stomach  is  caught  in  the  bite  of  one 
of  the  side  arms  of  a  Roosevelt  forceps.  A  fold  of  the  jejunum  is  caught  in  the 
bite  of  the  other  side  of  this  forceps.  (Fig.  130.)  An  incision,  from  5  to 
7  cm.  long,  is  then  made  in  that  portion  of  the  stomach  which  projects  above 
the  forceps,  and  a  similar  incision  is  made  in  the  projecting  portion  of  the  jeju- 
num. In  applying  the  Roosevelt  forceps  great  care  should  be  taken  (as  in  the 
Moynihan-Mayo  operation)  to  have  the  long  axis  of  the  opening  in  the  stomach 


Fig.  130.— Diagram  Showing  a  Fold  of  the  Posterior  WaU  of  the  Stomach  (s)  and  a  Fold  of  the 
Wall  of  the  Jejunum  (/)  Caught  in  the  Jaws  of  the  Roosevelt  Forceps.  The  suture  i  has  already  been 
carried  along  the  posterior  border  and  is  being  started  anteriorly.      (From  Connell.) 

lie  in  the  normal  direction  of  the  jejunum  and  to  grasp  the  wall  of  the  jejunum 
at  a  spot  within  6  cm.  of  the  point  where  it  passes  through  the  mesocolon,  in 
order  not  to  cause  a  kink  in  its  lumen. 

With  a  straight  needle,  threaded  preferably  with  Pagenstecher's  thread,  the 
posterior  row  of  sutures  is  first  applied  as  shown  in  Fig.  130.  Each  stitch  is  ap- 
plied squarely  through  all  of  the  layers  of  the  intestinal  wall.  The  same  suture 
is  carried  around  in  front,  as  shown  in  Fig.  131.  The  two  lateral  blades  of  the 
Roosevelt  forceps  are  removed  and  the  final  end  of  the  suture  is  tied  to  the 
beginning  portion,  as  shown  in  Figs.  131  and  132. 

The  surface  is  next  carefully  sponged  and  inspected  throughout;  and  if, 
at  any  point,  there  is  found  a  slight  defect,  this  can  be  remedied  by  the  introduc- 
tion of  an  additional  suture. 

The  method  has  been  found  most  satisfactory  in  careful  hands.  It  is,  of 
course,  plain  that  every  suture  must  be  applied  with  great  precision,  but,  with 
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reasonable  attention,  this  can  easily  be  done.    The  completed  operation  is  shown 
in  Fig.   132. 

It  is  not  necessary  to  use  the  Roosevelt  forceps,  which  consists  of  three 
blades  so  arranged  that  the  middle  blade  serves  as  a  common  blade' for  both 


Fig.  131. — Diagram  of  a  more  Advanced  Stage  of  the  Work  than  that  Shown  in  Fig.  1.30.  The 
anterior  portion  of  the  Connell  suture  is  almost  completed,  the  entire  Roosevelt  forcei^s  being  still  in 
place.      (After  Connell.) 

forceps.  The  instrument  has  the  advantage  of  holding  the  fold  of  the  stomach 
and  that  of  the  intestine  perfectly  parallel.  The  ordinary  stomach  and  intestinal 
clamps  may  be  used  quite  as  well. 

The  method  secures  a  narrow  line  of  union.    It  prevents  hemorrhage  from 


Fig.  132. — In  the  Stage  of  the  Operation  which  is  Represented  in  tlie  Present  Diagram  the  Lateral 
Blades  of  the  Roosevelt  Forceps  have  been  Taken  Away,  the  Middle  Blade  Being  Still  in  Place  and 
the  Suture  i  Being  Ready  to  Tie.      (After  Connell.) 

the  anastomosis  oj^ening  and  it  has  all  the  other  advantages  of  any  one  of  the 
other  suture  methods. 

In  applying  the  Connell  suture  it  is  important  to  grasp  an  equal  portion  of  the 
tissue  with  each  bite  of  the  needle,  in  order  to  prevent  puckering.    Begin  on  the 
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mucous  side  of  the  intestine;  pass  the  needle  out  through  all  of  the  layers,  leaving 
a  margin  of  one  thirty-second  of  an  inch  in  the  bite  at  the  peritoneal  edge;  next, 
cross  over  to  the  peritoneal  surface  of  the  stomach  and  pass  the  needle  from  the 
peritoneal  surface  through  all  the  layers  into  the  lumen  of  the  stomach;  then 
reverse  the  direction  of  the  needle,  passing  it  from  the  mucous  to  the  peritoneal 
surface;  next  cross  over  to  the  serous  surface  of  the  intestine;  and,  finally,  re- 
peat this  performance  until  the  beginning  point  of  the  suture  is  reached. 

Gastro-enterostom}^  with  Excision  of  Pylorus  for  Indurated  Ulcer.     (Rodman's 

Method.) 

Rodman  has  recommended  excising  the  pyloric  end  of  the  stomach,  in  cases 
requiring  gastro-enterostomy,  because  of  the  fact  that  this  is  the  ulcer-bearing 
area  in  the  stomach,  and  also,  secondarily,  because  it  is  the  area  most  commonly 


Fig.  133. — Diagram  Showing  the  Mode  of  Applying  Clamp  Forceps  to  the  Duodenum  and  Stomach 
in  Rodman's  Operation  for  Excision  of  the  Pylorus.  In  excision  for  carcinoma,  forceps  e,  g,  and  / 
are  placed  much  farther  to  the  right. 

affected  with  carcinoma.  At  the  present  time  this  suggestion  is  usually  adopted 
only  in  cases  in  which  there  is  a  bleeding  ulcer  or  an  indurated  pylorus.  In 
the  latter  case  it  is  often  almost  impossible  to  determine,  either  before  or  during 
the  operation,  whether  there  is  a  secondary  implantation  of  carcinoma  or  whether 
the  lesion  is  simply  an  indurated  ulcer.  In  case  of  doubt,  it  is  always  wise 
to  remove  the  pylorus  sufficiently  far  to  insure  the  removal  of  all  invaded  tissue 
and  at  least  3  cm.  beyond  this. 

This  operation  is  the  same,  in  every  detail,  as  an  operation  for  carcinoma 
of  the  pylorus,  with  the  exception  that,  when  a  positive  diagnosis  of  carcinoma 
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of  the  pylorus  has  been  made,  the  mass  of  tissue  removed  extends  farther  to  the 

left. 

Technique  of  the  Operation.— The  peritoneum  covering  the  upper  end  of  the 
duodenum  is  torn  at  the  point  at  which  the  forceps  {a,  Fig.  133)  is  applied. 
The  intestine  is  then  grasped  in  the  bite  of  the  forceps.  A  second  pair  of  forceps 
(6)  and  a  third  pair  (c)  are  then  applied  in  an  opposite  direction,  as  close  to 
forceps  a  as  possible.  In  Fig.  133  these  forceps  are  not  placed  as  near  each  other 
as  they  should  be.  Forceps  a  is  then  removed,  and  the  intestine  is  severed 
through  the  middle  of  the  bite  of  the  jaws  of  this  instrument.  This  leaves  a 
thin  ribbon-like  band  of  tissue  projecting  from  both  forceps  h  and  forceps  c. 


Fig.  134. — Diagram  Showing  the  Relations  of  the  Parts  after  the  Completion  of  the  Rodman 
Operation.  The  anastomosis  has  been  established  between  the  pylorus  and  the  jejunum.  S,  Stomach; 
L,  liver;  g,  gall-bladder;  e,  c,  remains  of  omentum;  d,  duodenum;  p,  pancreas;  j,  jejunum;  Col,  colon. 


The  portion  projecting  from  forceps  h  is  turned  to  the  left  and  covered  with  a 
gauze  pad.  A  purse-string  suture,  d,  is  then  appHed  to  the  duodenum  below 
forceps  c,  and  the  projecting  ribbon  from  the  bite  of  forceps  c  is  grasped  by  three 
or  more  fine  forceps  (not  shown  in  the  diagram).  Forceps  c  is  removed  and  a 
catgut  ligature  is  applied  to  the  duodenum  in  the  groove  left  after  the  removal 
of  the  instrument.  The  projecting  ribbon-like  tissue,  together  vAlYi  the  catgut 
ligature,  is  now  inverted  into  the  lumen  of  the  duodenum,  and  the  purse-string 
suture  d  is  tied.  A  few  interrupted  Lembert  sutures  complete  this  portion  of  the 
operation.     All  the  intervening  vessels  should  be  tied  before  they  are  severed 
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imd  great  care  slioukl  he  taken  not  to  injure  the  ])ortion  of  llie  paiici'eas  which 
h(>s  just  ])osterior  to  tliis  field  of  operation.  All  of  the  vessels  in  the  <i;rcater  and 
lesser  omenta  of  the  line  repr{^s(^nt(>d  by  the  jaws  of  forceps  a  are  now  carefully 
caught  with  haMnostatic  forc(^ps  and  are  then  cut  and  ligatcd.     It  is  well  to 


begin  at  the  rii^ht  and  p 


il  toward  the  left  uulil  a  point  is  reached  which 


is  sufficiently  distant  from  the  ulcer  to  insure  the  remo\'al  of  all  of  the  diseas(!d 
tissues  together  with  an  additional  zone  at  least  3  cm.  in  breadth.  Fordeps  / 
is  next  applied,  and,  directly  to  the  right  and  to  the  left  of  it,  forceps  e  and  g 


Fig.   135. — Diagram  Showing  the  Relations  of  the  Parts  when  the  Anastomosis,  after  Excision 
of  the  Pylorus,  is  made  between  the  Lower  Part  of  the  Stomach  and  the  Jejunum. 


are  applied.  A  gauze  pad  is  placed  behind  this  end  of  the  stomach  and  an 
incision  is  made  through  the  groove  left  after  the  removal  of  forceps  /.  Forceps 
e  will  prevent  soiling  from  the  side  of  the  stomach,  and  forceps  g  from  the  side 
of  the  pylorus.  The  projecting  portion  of  tissue  to  the  right  of  forceps  e  is  now 
quickly  sutured  with  a  continuous  catgut  suture  applied  closely  enough  to  pre- 
vent either  leakage  or  hemorrhage.  A  ligature  is  placed  around  the  gastro- 
epiploic vessels  at  i  and  another  around  the  branch  of  the  coronary  artery 
at  0.  Then  forceps  e  is  removed  and  a  row  of  continuous  silk  or  linen  Lembert 
sutures  completes  this  portion  of  the  operation.  A  gastro-enterostomy,  establish- 
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ing  a  communication  between  the  remaining  portion  of  the  stomach  and  the 
jejunum,  completes  the  operation.  This  may  be  made  anteriorly,  as  is  done  in 
the  operation  illustrated  in  Fig.  128,  in  which  case  the  completed  operation 
will  result  in  the  condition  shown  in  Fig.  134.  If  the  ulcer  has  been  adherent 
to  the  pancreas,  which  occurs  most  commonly  at  the  point  p  (Fig.  136),  then 
drainage  is  always  indicated.  Otherwise,  the  omentum  is  carried  uj)  into  the 
space  left  after  the  removal  of  the  pylorus,  and  the  abdominal  wound  is  closed. 

Pyloroplasty. 

In  cases  of  pyloric  obstruction,  due  to  cicatricial  contraction  following 
pyloric  ulcer,  the  operation  of  pyloroplasty  was  introduced  by  Heinecke  and 
Mikulicz  twenty  years  ago.    The  operation  consists  in  a  longitudinal  division  of 
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Fig.  136. — Diagram  Showing  the  Relations  of  the  Parts  after  Excision  of  the  Pyloric  End  of  the 
Stomach,  with  Posterior  Gastro-enterostomy.  a  b  Shows  the  location  of  the  opening  in  the  remain- 
ing part  of  the  stomach;  Col,  the  transverse  colon;  p,  the  pancreas;  d,  the  duodenum;  g,  the  gall- 
bladder. 

the  pylorus,  the  upper  end  of  the  duodenum,  and  the  pyloric  end  of  the  stomach, 
as  shown  in  Fig.  137.  A  suture  is  then  applied  at  each  of  the  points  a  and  b. 
By  making  tension  upon  these  sutures,  the  wound  is  opened  transversely,  in 
which  position  it  is  sutured  either  with  the  Connell  suture  or  with  one  row  of 
deep  sutures  including  all  of  the  layers,  and  a  second  row  of  superficial  Lembert 
sutures.  The  condition  which  is  left  after  these  procedures  have  been  carried 
out  is  shown  diagrammatically  in  Fig.  138. 

Theoretically,  this  operation  should  relieve  pyloric  obstruction;  but  the 
results  which  have  thus  far  been  obtained  by  most  surgeons  have  been  very 
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unsatisfactory.  Out  of  a  considerable  iunnl)cr  of  cases  which  have  been  operated 
upon  according  to  this  method  b}-  the  author,  only  a  small  proportion  have 
been  ]iermanently  relic>v(>d.  Theoretically  it  seems  as  if,  after  this  operation, 
the  duodenum  should  maintain  its  relative  position  in  the  passage  of  food 
through  the  alimentary  canal,  whereas  in  gastro-enterostomy  the  duodenal 
portion  of  the  small  intestine  simi^ly  serves  as  a  duct  for  carrying  the  bile  and 
pancreatic  fluid  into  the  jejunum.  As  a  matter  of  fact,  however,  the  second 
function — that  of  serving  as  a  cavity  in  which  the  food  and  the  pancreatic  fluid 
become  thoroughly  mixed — is  disturbed  by  the  oi)eration  of  i)yloroplasty  which 
destroys  the  pyloric  sphincter.  In  the  absence  of  the  latter  muscle  the  food  in 
the  duodenum  cannot  be  definitely  separated  from  the  food  in  the  stomach,  for 
the  purpose  of  thorough  mixing. 

This  operation  may  be  followed  by  the  production  of  a  considerable  amount 
of  connective  tissue,  both  in  the  line  of  the  suture  and  in  the  adhesions  which 


Fig.  137. — Diagram  Sho-s^-ing  the  Heinecke-Mikulicz  Method  of  Pyloroplasty,  with  a  Longitudinal 
Incision  (cd)  through  the  constricted  pylorus.     The  sutures  a  and  b  are  in  place. 

have  formed  between  the  organ  and  the  surrounding  tissues  at  the  seat  of 
operation.  The  induration  resulting  from  this  conchtion  may  produce  a  sec- 
ondary obstruction,  and  this,  in  all  probability,  accounts  for  the  unsatisfactory 
results  which  have  followed  the  operation.  It  seems  that  fairly  good  results 
occur  only  in  cases  in  which  the  pyloric  obstruction  is  due  to  a  very  narrow  con- 
striction •\;\-ithout  the  presence  of  any  great  amount  of  connective  tissue.  In 
cases  of  this  nature  the  best  results  are  obtained  by  using  the  method  of  pyloro- 
plasty introduced  by  Finney,  a  method  which  has  now  supplanted  all  other 
plastic  operations  upon  the  pylorus  for  the  relief  of  constriction.  In  a  few 
instances  modifications  have  been  suggested,  but  none  of  these  seems  to  be  of 
sufficient  importance  to  merit  a  separate  description. 
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Operation  of  Pyloroplasty  Introduced  l)y  Finney. 

The  steps  of  this  operation  may  be  briefly  described  as  follows:— Divide 
the  adhesions  binding  the  pylorus  to  the  neighboring  structures;  also  free,  as 
thoroughly  as  possible,  the  pyloric  end  of  the  stomach  and  the  first  portion  of 
the  duodenum.  Upon  the  thoroughness  with  which  the  i)ylorus,  the  lower 
end  of  the  stomach,  and  the  upper  end  of  the  duodenum  are  freed,  depends,  in 
a  large  measure,  the  success  of  the  operation  and  the  ease  and  rapidity  with 
which  it  may  be  performed.  This  should  be  emphasized  as  one  of  the  most  im- 
portant points  in  the  operation.  Frequently,  at  first  sight,  the  pylorus  seems 
hopelessly  bound  down;  but,  after  a  little  patient  toil  and  judicious  use  of  the 
scalpel  and  blunt  dissector,  it  is  often  found  possible  to  free  it  with  comparative 
ease.     A  suture,  to  be  used  as  a  retractor,  is  taken  in  the  upper  wall  of  the 


Fig.  138. — Diagram  Showing  the  Sutures  a  and  6  in  a  Condition  of  Tension,  as  a  result  of  which 
the  wound  is  so  placed  that  it  may  be  sutured  transversels'  to  the  long  axis  of  the  lumen  of  the  pylorus, 
by  which  procedure  some  aid  in  overcoming  the  constriction  of  the  channel  may  be  secured. 

pylorus,  which  is  then  retracted  upward.  Two  other  sutures  are  next  inserted 
— one  into  the  anterior  wall  of  the  stomach,  and  the  other  into  the  anterior  wall 
of  the  duodenum,  at  equidistant  points— say,  12  cm.— from  the  first  suture 
in  the  pylorus.  These  two  sutures  mark  the  lower  ends  of  the  gastric  and  duo- 
denal incisions,  respectively.  They  should  be  placed  as  low  as  possible  in  order 
that  the  new  pylorus  may  be  amply  large.  Traction  is  then  made  upward  on 
the  pyloric  suture,  and  downward  (in  the  same  plane)  on  the  gastric  and  duo- 
denal sutures.  This  keeps  the  stomach  and  duodenal  walls  taut,  and  allows 
the  placing  of  the  sutures  with  greater  facility  than  if  the  walls  remained  lax. 
(Fig.  139.)  The  peritoneal  surfaces  of  the  duodenum  and  stomach,  along  its 
greater  curvature,  are  then  sutured  together  as  far  posteriorly  as  possible.  (See 
Fig.  140.)     In  the  case  of  this  row  the  continuous  suture  is  more  easily  and 
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quickly  applied,  ami  it  can  be  iv-cn forced  after  the  stcjinach  and  duodenum  have 
been  incised.  After  the  posterior  Hue  of  sutures  has  been  jjlaced,  an  anterior 
row  of  mattress  sutures  is  introduced.  Tiiese  sutures  are  not  tied  but  left 
long,  in  tlu>  uuuuu^r  indicatiHl  in  Fig.  141.  After  they  have  been  placed,  they  arc 
retracted  vertically  in  either  direction  from  the  middle  of  the  portion  included 
in  the  row  of  sutures.  (Fig-.  142.)  After  all  the  stitches  have  been  placed  and 
retracted,  the  incision  is  made  in  the  shape  of  a  horseshoe.  The  sutures  should 
be  placetl  far  enough  apart  to  give  ample  room  for  the  incision.  The  gastric 
arm  of  the  incision  is  made  through  the  stomach  wall  just  inside  the  lowest 
point  of  the  line  of  sutures,  and  is  carried  up  to  and  through  the  ])ylorus,  around 
into  the  duodenum,  and  down  to  the  corresponding  point  on  tiie  duodenal  side. 
Hemorrhage  is  then  stopped.    It  is  well  to  excise  as  much  as  possible  of  the  scar 


Fig.  139. — Finney's  Pyloroplasty.      The  diagram  shows  the  guide  sutures  at  the  pylorus  (a),  at  a 
point  lower  down  on  the  stomach  (c),  and  on  the  duodenum  (6) ;  d  represents  the  duodeniim. 

tissue  upon  either  side  of  the  incision  in  order  to  hmit,  as  far  as  possible,  the 
subsequent  contraction  of  the  cicatrix.  A  continuous  catgut  suture  is  next 
taken  through  all  the  coats  of  the  intestine  on  the  posterior  side  of  the  incision. 
(Fig.  142.)  This  re-enforces  the  posterior  line  of  sutures,  secures  better  approx- 
miation  of  the  cut  edges  of  the  mucous  membrane,  and  prevents  the  reunion  of 
the  cUvided  intestinal  walls.  The  anterior  sutures  are  then  straightened  out  and 
tied,  and  the  operation  is  complete,  unless  one  wishes  to  re-enforce  the  mattress 
sutures  with  a  few  Lembert  sutures.  (Fig.  144.)  This  procedure,  as  is  readily 
seen,  gives  the  minimum  of  exposure  of  infected  surface.  All  the  stitches  are 
placed,  and  the  posterior  row  tied,  before  the  bowel  is  opened.  The  latter  is 
allowed  to  remain  open  just  long  enough  to  control  the  hemorrhage.  The  size 
of  the  newly  formed  pyloric  opening  is  limited,  in  this  operation,  only  by  the 
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mobility  of  tho  stomach  and  duodemim,  and  l)y  the  judgment  of  the  operator. 
The  length  of  the  incision  made  is  about  12  cm.  Unless  the  stomach  is  very 
much  dilated  or  has  descended  to  an  unusual  extent,  the  lower  limit  of  the 
new  outlet  is  at  or  near  the  level  of  the  most  dependent  portion  of  the  organ. 
The  procedure  described  above  was  carried  out  with  great  satisfaction  by 
the  author  in  a  number  of  cases,  and  he  recommends  it  in  all  cases  in  which 
the  walls  of  the  pylorus  are  not  much  thickened  and  in  which  not  much  scar 
tissue  is  present.    It  is  well  to  trim  off,  with  scissors,  redundant  edges  of  mucous 


Fig.  140. — Finney's  Pyloroplasty;    Second  Stage  pf  the  Operation.     The  diagram  shows  the  pos- 
terior row  of  sutures  in  place;   they  constitute  a  continuous  Lambert  suture. 


membrane,  in  order  to  prevent  the  formation  of  a  valve-like  fold  of  mucous 
membrane  at  the  new  pylorus. 

When  the  stomach  is  much  dilated,  there  is  no  contra-indication,  in  this 
operation,  to  the  performance,  at  the  same  time,  of  gastropexy  or  gastroplica- 
tion,  if  one  considers  either  of  these  procedures  indicated. 

An  Original  but  now  Discarded  Method  of  Pylorectomy. 

At  this  point  may  be  discussed  an  original  method  of  pylorectomy,  with 
attachment  of  the  duodenum  to  the  stomach.  (Fig.  145.)  The  portion  of  the 
stomach  included  between  the  dotted  vertical  lines  a  and  h  represents  the 
pylorus  containing  either  an  ulcer  or  a  cicatricial  constriction.  The  difference 
between  the  diameter  of  the  lumen  of  the  duodenal  stump  and  that  of  the 
stomach,  is  represented  by  the  difference  in  the  length  of  the  lines  a  and  b. 
In  order  to  reduce  the  size  of  the  lumen  at  b  to  such  a  degree  as  to  make  it 
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approximately  equal  to  the  lumen  of  the  duodenum  at  a,  the  end  of  the  stomach 
is  folded  in,  as  indicated  by  the  line  c,  or  as  indicated  by  the  line  d;  or  it  may 
be  folded  in,  both  along  the  lesser  and  along  the  greater  curvature,  to  half  the 
amount  indicated  by  c  and  d. 

In  addition  to  the  difficulty  just  mentioned  there  are  still  other  grave  ob- 
jections to  this  operation,  and  it  has  consequently  been  abandoned  by  nearly 
all  surgeons  of  much  experience.  The  operation  of  closing  the  end  of  the  stomach 
and  making  a  gastro-enterostomy  at  its  lowest  point  has  been  generally  adopted 
in  its  place.  The  chief  objection  to  this  operation  comes  from  the  fact  that  there 
is  frequently  a  point  of  leakage  at  the  spot  where  the  two  rows  of  sutures  (c  and 


Fig.  141.- 


-Finney's  Pyloroplasty ;   Third  Stage  of  the  Operation.     The  diagram  shows  the  inter- 
rupted mattress  sutures  in  place,  but  not  tied. 


d,  Fig.  145)  meet.  This  is  explained,  first,  by  the  frequent  presence  of  tension, 
and,  second,  by  the  fact  that,  in  the  posterior  suture  line,  the  surfaces  united 
are  not  covered  throughout  with  peritoneum.  The  method  is  mentioned  here 
simply  because  it  was  at  one  time  a  recognized  procedure.  It  is  now,  how- 
ever, almost  completely  discarded. 

Gastro-duodenostomy. 

Gastro-duodenostomy  has  a  number  of  theoretical  advantages  which  cor- 
respond to  those  mentioned  in  connection  with  pyloroplasty.  Betw^een  the  duo- 
denum and  the  pyloric  end  of  the  stomach  it  is  practicable  to  establish  a  com- 
munication sufficiently  large  to  satisfy  the  wishes  of  the  operator.  A  portion 
of  the  pyloric  end  of  the  stomach  is  grasped  with  clamps,  and  a  corresponding 
portion  as  regards  size  is  grasped,  in  a  longitudinal  direction,  upon  the  anterior 
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surface  of  the  duodenum.  In  each  of  these  there  is  then  made  an  opening 
{a  and  h,  Fig.  146).  The  edges  of  the  wounds  thus  made  are  then  united  in  such 
a  manner  that  a  channel  of  communication  is  estabhshed  between  the  two 
organs.  This  may  be  accompHshed  by  means  of  the  Connell  suture  or  by  a 
row  of  Lembert  sutures  re-enforced  by  a  row  of  deep  sutures,  the  deep  sutures 
extending  along  the  edge  of  the  incision  and  grasping  all  of  the  layers. '  They 
are  placed  sufficiently  close  to  each  other  to  prevent  hemorrhage.  The  Lembert 
sutures  are  placed  around  the  outside  of  this  row.  In  case  the  gastric  ulcer  is 
located  on  the  anterior  surface  of  the  pyloric  end  of  the  stomach,  this  method 


Fig.  142. — Finney's  Pyloroplasty;  Fourth  Stage  of  the  Operation.  The  diagram  shows  the  in- 
terrupted mattress  sutures  held  aside  by  means  of  tenacula  e  and  /.  It  also  shows  a  horseshoe-shaped 
incision  through  the  pylorus.  This  incision  lays  open  the  lower  end  of  the  stomach  and  the  upper 
end  of  the  duodenum. 

cannot  be  employed,  for  the  friable  condition  of  the  tissues  would  probably 
result  in  leakage.  The  objections  that  were  mentioned,  in  connection  with 
pyloroplasty  and  with  Finney's  operation,  are  also  true  concerning  this  operation. 

Willard's  Gastro-Duodenostomy. 

This  operation  consists  in  establishing  an  anastomosis  between  the  duodenum 
and  the  pyloric  end  of  the  greater  curvature  of  the  stomach,  as  shown  in  Fig.  147. 
Theoretically,  the  operation  does  not  seem  unreasonable,  but  it  is  open  to  serious 
objections.  In  this  operation  the  portion  of  the  duodenum  involved  is  near  the 
point  of  entrance  of  the  common  duct ;  observations  upon  the  cadaver  have  shown 
that,  in  a  considerable  proportion  of  cases,  the  duct  of  Santorini  and  the  duct 
of  Wirsung  enter  the  duodenum  at  a  considerable  distance  from  the  entrance  of 
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tho  oomnion  (hict,  and  they  are  often  so  small  that  it  is  difficult  to  recognize  them 
during  this  operation.     Conseciuently  they  might  easily  be  injured. 

Kuemmel's  Gastro-Duodenostomy. 

This  operation  consists  in  severing  the  duodciuuii  beyond  the  contraction, 
closing  its  i)roximal  end,  and  implanting  its  distal  end  into  the  pyloric  end  of 
the  greater  curvature  of  the  stomach,  as  shown  diagrammatically  in  Fig. 
148.  The  same  objections  which  have  been  mentioned  in  connection  with 
pyloroplasty,  as  well  as  with  Willard's  gastro-duodenostomy,  would  apply  to 
this  operation. 

Before  we  leave  the  discussion  of  this  form  of  treatment  of  pyloric  obstruction, 


Fig.  143. — Finney's  Pyloroplasty;    Fifth  Stage  of  the  Operation.     Tlie  diagram  shows  the  pos- 
terior row  of  continuous  througli-and-through  catgut  sutures  in  place. 

due  directly  or  secondarily  to  the  presence  of  gastric  ulcer,  it  may  be  well  to 
state  that  gastro-enterostomy  in  itself  is  usually  sufficient  to  relieve  chronic  or 
recurrent  ulcer  of  the  pyloric  end  of  the  stomach;  and,  in  case  of  bleeding  ulcer 
of  the  stomach,  this  treatment  in  itself  is  usually  sufficient  to  relieve  the  patient 
permanently,  provided  the  gastro-enterostomy  opening  is  made  at  the  lowest 
point  of  the  stomach  and  is  sufficiently  large. 

The  greatly  reduced  condition  of  patients  suffering  from  this  condition 
occasionally,  though  rarely,  makes  it  seem  proper  to  add  to  the  gastro-enteros- 
tomy a  gastrostomy,  as  illustrated  in  Fig.  149,  so  that  it  may  be  possible  to  intro- 
duce food  into  the  intestines  in  these  cases  without  the  danger  of  irritating  the 
ulcer.     A  method  of  introducing  liquids  into  the  duodenum  through  a  cholecys- 
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tostomy  opening  by  permitting  the  fluid  to  flow  through  a  drainage  tube  sutured 
into  the  cholecystostomy  opening  by  the  drop  method  has  been  recommended 
and  practised  by  Dr.  L.  L.  McArthur.  This  will  be  nmch  more  simple  than  a 
gastrostomy,  and,  if  aseptic  liquid  nourishment  only  is  employed,  the  method 
seems  to  have  great  merit.  It  is  important  to  arrange  the  apparatus  in  such  a 
manner  that  the  flow  takes  place  very  slowly. 

The  same  result  can  be  accomplished  by  passing  a  small,  soft,  pure  rubber 
tube,  not  more  than  1  cm.  in  diameter,  through  the  nose  into  the  stomach,  and 
through  the  stomach  into  the  jejunum,  precisely  in  the  same  manner  as  illustrated 
in  Fig.  149.  Peptonized  food  can  then  be  slowly  injected  through  this  tube, 
which  will  deliver  it  into  the  jejunum  without  touching  the  stomach. 

Still  another  method  may  be  followed.     The  tube  may  be  passed  through 


Fig.  144. 


-Finney's  Pyloroplasty  Completed.     The  diagram  shows  the  continuous  Lembert  suture 
in  front.     This  suture  lias  been  added  for  purposes  of  re-enforcement. 


the  oesophagus  and  through  the  stomach  into  the  jejunum,  the  upper  extremity 
of  the  tube  reaching  a  point  just  behind  the  incisor  teeth.  A  silkworm-gut 
suture  is  passed  through  the  upper  end  of  the  tube  out  through  the  mouth  and 
fastened  to  prevent  the  tube  from  being  swallowed.  Patients  become  accustomed 
very  quickly  to  the  thread  projecting  from  the  mouth  and  it  does  not  annoy 
them.  The  food  may  be  introduced  into  the  upper  end  of  this  tube  through  a 
glass  tube  attached  to  the  end  of  a  funnel  by  means  of  a  piece  of  rubber  tubing. 
If  the  mode  of  feeding  selected  is  that  by  means  of  the  tube  introduced  as  shown 
in  Fig.  149,  gastrostomy  must  be  made  in  such  a  manner  that  the  opening  in 
the  stomach  will  close  spontaneously  when  the  feeding  tube  is  withdrawn. 

A  gastrostomy  operation  is  made  precisely  as  it  would  be  without  this 
additional  provision.    A  fold  of  the  anterior  wall  of  the  cardiac  end  of  the 
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stomach  is  picked  uj)  and  three  successive  purse-string  sutures  are  placed  as 
shown  in  Fig.  1.50.  A  small  puncture  is  then  made  in  the  middle  of  these  circles, 
and  the  rubber  drainage  tube  is  passed  into  the  stomach  through  this  opening. 
Then  the  three  pui-se-string  sutures  are  successive!}-  tied,  causing  an  infolding  of 
the  stomach  wall,  whicli  is  then  attached  with  a  few  fine  silk  sutures  at  the  point 
at  which  the  rulil)(>r  tube  passes  through  the  abdominal  wall.  The  lower  end  of 
the  rubber  drainage  tube  is  carried  through  the  gastro-enterostomy  opening  into 
the  jejunum  for  a  distance  of  30  cm.,  in  order  to  prevent  its  retraction  into  the 
stomach.  (Fig.  149.)  It  is  doubtful  whether  this  operation  is  really  of  much 
value  in  practice,  because  one  can  usually  support  these  patients,  after  the 
operation,  b\-  the  use  of  rectal  feeding  and  b}-  normal  salt  transfusions,  and  on 
the  second  day  concentrated  predigested  liquid  food  of  a  non-irritating  quality 


Fig.  145. — Diagram  Illustrating  an  Original  Method  of  Pylorectoniy,  with  the  Formation  of  a 
New  Pyloric  End  of  the  Stomach  by  Reducing  the  Large  Open  End  of  the  Stump  by  Means  of  a  Plas- 
tic Operation.  In  the  latter  operation  the  narroT\-ing  is  effected  by  ^emo^-ing,  by  means  of  incisions 
carried  along  the  dotted  lines  wliich  converge  toward  b,  all  that  portion  of  the  organ  which  (in  the 
diagram)  Ues  to  the  left  of  these  lines. 


may  be  given  by  way  of  the  mouth.  In  case  this  gives  rise  to  nausea  gastric 
lavage  may  be  employed.  This  should  be  done  immechately  if  the  patient 
suffers  even  to  a  slight  extent  from  nausea  or  vomiting.  It  is  a  most  useful  and 
quite  hamiless  procedure. 

It  has  been  the  author's  experience  that  in  gastro-enterostomy,  as  perfomied 
by  the  ]Mo}Tiihan-Mayo  method,  nourishment  may  be  given  by  way  of  the  mouth, 
with  safety  and  comfort  to  the  patient,  on  the  second  or  third  day.  With  this 
operation,  then,  it  would  not  be  necessary  to  add  gastrostomy. 

Hour-Glass  Stomach. — The  hour-glass  stomach  is  in  rare  cases  a  congenital 
deformity,  but,  in  the  vast  majority  of  all  cases  in  which  it  is  found,  there  is  a 
histor}'  of  preceding  gastric  ulcer. 

MojTiihan*  states  that,  in  every  one  of  his  twenty-two  cases  of  hour-glass 

*  Medico-Chirurgical  Transactions,  vol.  89. 
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stomach,  there  had  been  previous  symptoms  pointing  to  chronic  gastric  ulcer. 
In  four  cases  the  history  strongly  pointed  to  former  subacute  perforation.  This 
observation,  that  the  symptoms  point  to  the  presence  of  a  chronic  gastric  ulcer, 
corresponds  to  the  author's  experience. 

The  diagnosis  of  hour-glass  stomach  is  usually  made  at  the  time  of  operation, 
or  during  the  i)rogrcss  of  the  examination  of  a  case  in  which  the  diagnosis  of 
gastric  ulcer  has  been  made.  The  following  is  a  most  striking  symptom: — If 
the  stomach  is  filled  with  water  and  washed  thoroughly  by  means  of  sii)hon- 
rcfilling  until  the  water  which  returns  is  perfectly  clean,  the  stomach  will  still 
have  a  feeling  of  fulness,  and  in  a  few  moments  it  will  be  found  that  a  quantity 
of  offensive  fluid  can  again  be  siphoned  out,  although  no  further  fluid  has  been 
introduced  into  the  stomach.     In  some  cases  the  passage  of  fluid  from  the  cavity 


Fig.  146. — Gastro-duodenostomy.     The  diagram  shows  the  incision  in  the  stomacli  at  a  and  that 

in  the  duodenum  at  b. 

to  the  left  into  the  cavity  to  the  right  can  be  heard  plainly  with  the  stethoscope. 
In  other  cases,  after  thoroughly  emptying  the  stomach  by  means  of  gastric  lavage, 
and  while  distending  this  cavity  with  gas,  one  can  outline  the  hour-glass  shape 
by  percussion. 

In  advanced  cases  the  patient  has  all  the  symptoms  of  gastric  ulcer,  that  of 
emaciation  being  especially  marked. 

Operative  Treatment. 

The  object  of  the  operation  is  to  establish  as  nearly  as  possible  normal 
conditions  of  drainage  for  the  stomach  cavity.  If  the  two  portions  of  the  hour- 
glass stomach  are  approximately  equal  in  size,  this  can  best  be  accomplished  by 
uniting  the  two  halves  of  the  stomach  after  removing  the  intermediate  narrow 
portion.  If  the  latter  contains  enough  tissue  to  warrant  the  surgeon  in  preserv- 
ing a  part  of  it,  the  operation  is  much  more  easily  and  satisfactorily  performed, 
because  it  is  then  necessary  to  remove  onlj^  a  V-shaped  portion,  as  indicated  at 
c  in  Fig.  151. 
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After  the  al)d()inen  lias  Ikh'Ii  opciird,  hut  hcfore  thf  excision  is  made,  it  is 
well  to  iiiti'odiiee  a  stomach  tuhe  into  the  cavity  a  (Fig.  151).  The  latter  should 
be  thoroughly  irrigated,  and  th(>n  the  end  of  the  tube  should  be  manii)ulated 
until  it  projects  into  cavit>'  /'.  Then  this  cavity  also  should  l)e  thoroughly 
irrigated,  care  being  taken  to  sii)hon  out  all  nf  the  lluid  before  the  tul)e  is  with- 
drawn into  cavity  a.  The  communicating  [)ortion  of  the  hour-glass  is  then 
compressed  in  order  to  prevent  any  further  leakage  into  cavity  b.  Then  cavity 
a  is  once  more  carefully  irrigated,  care  being  taken  to  siphon  out  all  of  the  fluid 
before  the  stomach  tube  is  withdrawn.  The  tissues  of  the  stomach  are  then 
grasped  in  clamj^s  along  the  line  i  c  i' ,  the  ])rojecting  portion  is  cut  away,  and  the 


Fig.  147. — Willard's  Gastro-duodeuostomy. 


cut  edges  of  the  stomach  wall  are  united  throughout  by  means  of  the  continu- 
ous suture,  preferably  of  chromicized  catgut.  As  soon  as  the  fii-st  row  of  sutures 
has  been  applied,  the  clamps  are  removed  and  tliis  row  of  sutures  is  covered  by 
the  application  of  a  row  of  Lembert  sutures.  If  the  communicating  portion 
of  the  hour-glass  is  composed  almost  completely  of  connective  tissue,  it  is 
better  to  apply  the  clamps  along  the  lines  a  and  h  (Fig.  151),  and  then  to  com- 
plete the  operation  ac  before.  The  operation  may  also  be  performed  by  the  use 
of  the  Connell  suture,  instead  of  the  continuous  suture. 

If  the  greater  portion  of  the  stomach  is  represented  by  the  ca\dty  a,  and  but 
a  very  small  remnant  is  represented  by  ca^dty  h,  then  it  is  better  to  perform  a 
posterior  gastro-jejunostomy  by  one  of  the  various  methods  which  have  already 
been  described,  because  an  excision  of  the  constriction,  in  this  case,  will  be 
likely  to  result  in  a  pyloric  obstruction,  and  consequently  a  gastro-enterostomy 
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will  have  to  be  performed,  at  some  later  date,  for  this  condition,  and  the  patient 
will  gain  nothing  from  the  more  serious  operation  upon  the  stomach. 

An  operation — known  as  gastro-gastrostomy — for  the  production  of  a  com- 
munication between  the  two  segments  of  an  hour-glass  stomach,  has  been  recom- 
mended and  practised  in  some  cases.  This  operation  consists  in  making  an 
incision  u))on  the  anterior  surface  of  both  lobes  of  the  hour-glass  stomach  (at  a 
and  6,  in  Fig.  152),  and  uniting  these  two  openings,  thus  doubling  up  the  stomach 
from  side  to  side  and  securing  between  the  two  cavities  a  sufficiently  free  com- 
munication to  permit  proper  drainage.  The  suturing  may  be  done  as  in  the 
operation  just  described,  with  or  without  the  application  of  clamps  to  prevent 
leakage    (Fig.  153.)     The    resulting  conditions,   after  this    operation,   do  not 


Fig.  148. — Kuemmel's  Gastro-duodenostomy.  In  the  diagram  the  duodenum  is  represented  as 
ha\dng  been  severed  and  permanently  closed  by  inversion  and  suturing  together  of  the  cut  edges  at  d. 
The  pylorus  (p)  is  left  undisturbed,  because  tliis  usually  contains  much  cicatricial  tissue.  The  distal 
end  of  the  severed  duodenima  {d')  is  sutured  into  the  stomach  at  a  by  means  of  Connell  sutures,  by 
Moynihan's  clamp-and-suture  method,  or  by  Murphy's  button. 

compare  favorably,  from  an  anatomical  standpoint,  with  those  which  remain 
after  the  operation  illustrated  in  Fig.  151,  but  the  operation  in  itself  is  much 
easier  to  perform,  and  the  immediate  danger  from  the  operation  is  less.  In 
either  operation  it  is  important  not  to  injure  the  coronaiy  artery,  either  by 
suturing  or  by  applying  clamps,  because  an  injury  to  this  vessel  is  likely  to 
result  in  gangrene  of  that  portion  of  the  stomach  which  is  supplied  by  this  vessel. 
In  case  the  constriction,  in  an  hour-glass  stomach,  is  near  the  pyloric  end  of  the 
stomach  and  is  complicated  by  an  open  ulcer,  it  is  well  to  resort  to  a  partial 
gastrectomy,  removing  the  portion  between  the  lines  a  and  h  (Fig.  145),  then  per- 
forming a  gastro-jejunostomy,  and  making  the  anastomosis  between  the  lowest 
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portion  of  the  cavity  a  and  the  first  portion  of  the  jejunum.  This  will  result  in 
a  condition  corresponding  exactly  with  the  condition  following  a  pylorectomy 
for  the  relief  of  any  other  jiathologieal  eonfhtion. 

Obstruction  of  the  Pylorus  Due  to  Inflammatory  Adhesions.— The  con- 
ditions which  have  just  been  described  are  frequently  associated  with  inflam- 
niatory  adhesions.  The  longer  the  gastric  ulcer  exists  and  the  nearer  it 
approaches  perforation,  the  more  extensive  will  be  the  adhesions  which  are 
found  at  the  time  of  the  operation.  The  cause  for  adhesions  in  this  vicinity, 
however,  does  not  always  come  from  the  extension  of  an  infection  fi'om  tlu; 


Fig.  149.— Diagram  Showing  Gastrostomy  in  Connection  with  Gastro-enterostomy.  p,  Py brus: 
d,  duodenum;  /,  jejunum;  a,  feeding  tube;  e,  abdominal  fistula.  The  circular  suture  which  folds  m 
the  stomach  wall  around  the  feeding  tube  and  thus  prevents  leakage,  will,  of  course,  be  attached  to 
the  parietal  peritoneum,  the  abdominal  wall  (e)  being  drawn  here,  m  the  diagram,  at  a  distance  to 
make  it  possible  to  show  this  suture. 


cavity  of  the  stomach,  but  quite  as  frequently  from  an  infection  in  the  gall- 
bladder and  biliary  ducts,  or  from  an  infection  coming  from  a  duodenal  ulcer 
or  from  the  pancreas,  although  the  latter  organ  is  more  commonly  affected 
secondarily  from  an  ulcer  of  the  stomach. 

Aside  from  adhesions  due  to  these  sources  of  infection,  one  occasionally 
encounters  adhesions  which  are  quite  as  troublesome  clinically.  These  adhesions 
are  caused  by  a  more  or  less  extensive  peritonitis  due  to  an  acute  appendicitis 
or  to  an  infection  of  the  Fallopian  tubes.  The  omentum,  in  these  cases,  becomes 
adherent  to  any  of  the  organs  with  which  it  may  come  in  contact,  and  when  these 
adhesions  become  firm  there  is  created  a  severe  tension  upon  the  upper  attach- 
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mcnt  of  the  greater  omeiitiuu,  a  tension  which  interferes  great-ly  with  the 
niobihty  of  the  stomach,  and  which  may  in  some  cases  cause  a  serious  obstruction 
to  the  pylorus.  This  condition  may  result  secondarily  in  an  ulcer  of  the  stomach 
with  its  immediate  or  late  results,  or  it  msij  remain  stationary  and  interfere  with 
the  physiological  functions  of  the  stomach,  thus  giving  rise  to  distress  which  will 
vary  with  the  degree  of  the  distortion  caused  by  these  adhesions. 

Treatment. — ^The  treatment  consists  in  relieving  this  tension  at  every  point 
and  preventing  its  recurrence  by  covering  the  abraded  peritoneal  surfaces  with 
portions  of  the  surrounding  loose  peritoneum. 

In  most  of  these  cases  the  condition  as  it  existed  before  the  patient  was 
subjected  to  surgical  treatment  may  still  continue  to  exist  after  this  treatment. 
Although  the  treatment  just  suggested  wdll  remove  the  cause  of  the  trouble, 


Fig.  1.50. — Diagram  Illustrating  the  Use  of  Circular  Purse-string  Sutures  at  the  Location  of  the 
Gastrostomy  Opening  in  the  Stomach. 


there  will  still  remain  the  secondary  conditions  which  have  resulted  from  the 
existence  of  these  adhesions.  Many  of  these  conditions  may  be  reheved  at  a 
later  date  by  careful  dietetic  and  hygienic  measures.  If,  however,  the  adhesions 
are  in  the  vicinity  of  the  gall-bladder, — between  the  gall-bladder,  the  duodenum, 
the  liver,  the  splenic  flexure  of  the  colon,  and  the  pylorus, — then  it  is  not  pos- 
sible to  relieve  the  condition  by  the  method  described  above,  and.it  will  be 
necessary  to  resort  to  gastro-enterostomy  in  order  to  obtain  permanent  relief 
from  pyloric  obstruction. 

Gastrorrhaphy. 

One  of  the  sequela^  of  pyloric  obstruction  is  ulcer  of  the  stomach  accompanied 
wdth  a  deformity  such  as  is  indicated  in  Fig.  154.  This  condition  may  also  be 
associated  with  gastroptosis.  In  these  cases  the  greater  curvature  of  the 
stomach  is  always  much  lower  than  normal,  and  in  many  instances  the  lesser 
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curvature  is  also  far  below  its  normal  \vyv\.  There  is  usually,  at  the  rijiiit 
extremity  of  the  greater  curvature,  a  i)()ueh-like  deformity  which  interferes 
seriously  with  the  passage  of  food  from  the  stomach  into  the  duodenum.  In 
order  to  reduce  the  siz(>  of  a  stomach  which  has  this  form,  the  anterior  stomach 
wall  may  be  doublecl  ujion  itself  aloiiii,-  the  broken  line  c,  Fig.  UA.  A  continuous 
suture  is  applied  in  such  a  manner  as  to  unite  the  dotted  lines  b  and  b',  and  it 
is  made  to  include  all  the  layere  down  to,  but  not  through,  the  mucous  membrane. 
The  second  niw  of  sutures  is  applied  in  such  a  manner  as  to  unite  the  lines  a  and 
a',  Fig.  154.  This  elevates  the  original  greater  curvature  very  nearly  to  the  level 
of  the  lesser  curvature,  and  a  new  greater  curvature  of  the  stomach  is  thus 
formed  from  the  posterior  waW  of  the  stomach.     The  level  of  this  new  greater 


Fig.  151. — Diagrammatic  Representation  of  an  Hour-glass  Stomach,  a.  Cardiac  end:  b,  pyloric 
end;  c,  point  of  greatest  narrowing;  i  c  i' ,  line  of  excision  of  cicatricial  contraction;  ;'  c  and  i'  e',  lines 
for  apphing  constriction  forceps  and  also  lines  of  incision  in  cases  of  resection  of  the  stomach. 

curvature  will  be  situated  about  half-way  between  the  levels  of  the  original 
greater  and  lesser  curvatures,  approximately  corresponding  to  the  hne  c,  Fig.  154. 
Theoretically,  this  operation  seems  to  promise  benefit  to  the  patient.  However, 
the  results  actually  obtained  have  been  disappointing  and  the  same  unfavorable 
results  have  followed  the  practice  of  other  similar  operations  intended  for  the 
relief  of  this  same  condition. 

After-treatment  of  Gastrprrhaphij  and  Gastro-enierostomy . 

As  the  after-treatment  is  the  same  for  both  of  these  operations  it  seems 
proper  to  speak  of  it  at  this  time. 

The  patient  should  be  placed  in  a  nearly  upright  sitting  posture  as  soon  as 
possible  after  he  recovers  from  the  anaesthetic,  and  until  that  time  it  is  well  to 
have  the  head  of  the  bed  elevated  to  the  extent  of  about  twelve  inches.  This 
position  seems  to  favor  the  drainage,  into  the  intestine,  of  any  mucus  which  may 
accmnulate  in  the  stomach  after  the  operation.  It  also  favoi^s  the  expulsion  of 
VOL.  VII.— 25 
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gas  through  the  oesophagus.  Occasionally  the  ])ati('nt  sufi'ci-.s  from  acute  gastric 
dilatation  after  an  operation  upon  the  stomach,  but  more  especially  after  the 
operation  which  has  just  been  described.  This  condition  is  characterized  by  a 
feeling  of  fulness  and  is  associated  with  a  sudden  dilatation  of  the  abdomen, 
which  is  not  easily  recognized  when  the  abdomen  is  covered  by  a  dressing.  The 
heart  is  displaced  upward,  the  breathing  becomes  labored,  the  heart  beats  very 
rapidly,  and  the  patient  gives  the  impression  of  having  become  suddenly  very 
ill.  This  condition  may  occur  at  any  time,  without  any  especial  warning.  In 
the  author's  experience  several  patients  have  died  in  this  condition  before  it  was 
discovered  that  an  acute  dilatation  of  the  stomach  is  not  a  rare  post-operative 
condition  following  stomach  and  gall-bladder  operations.  The  condition  can 
easily  be  relieved  by  passing  a  stomach  tube.  Great  quantities  of  gas  will 
escape,  the  pulse-beat  and  the  breathing  will  become  normal,  and  the  patient's 


Fig.  152. — Diagram  Showing  Lines  of  Incision,  e  i  and  e'  i',  into  the  Two  Halves  of  an  Hour-glass 
Stomach,  when  a  Gastro-gastrostomy  is  Performed. 


recovery  wih  again  proceed  in  a  normal  manner.  It  is  well  to  instruct  the 
resident  physician  and  the  surgical  nurse  under  whose  care  these  patients  are 
placed,  to  introduce  the  stomach  tube  even  on  the  slightest  suspicion  of  an 
accumulation  of  gas  in  the  stomach,  because  if  the  stomach  has  once  been 
greatly  distended  it  is  not  likely  to  be  reheved  so  easily  and  in  so  permanent 
a  manner  as  when  the  tube  is  introduced  at  the  very  beginning  of  the 
distention. 

Feeding. — If  the  patient's  condition  is  not  too  greatly  reduced  it  will  be  best, 
for  several  days  or  until  the  patient  becomes  hungry,  to  restrict  the  feeding 
exclusively  to  nourishing  enemata;  and  yet  there  are  not  a  few  surgeons  who 
begin  to  give  concentrated  liciuid  nourishment  on  the  second  day  after  the  opera- 
tion, and  with  apparently  satisfactory  results.  In  the  case  of  ana?mic  patients 
the  author  has  given  this  form  of  nourishment  by  way  of  the  mouth,  and  at  the 
same  time  he  has  administered  concentrated  predigested  food  in  normal  salt 
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solution  by  way  of  the  rectiuii,  at  intervals  of  tliivc  liom-s  on  the  .second  day  after 
the  operation.  If  the  patient  is  (rouhlcd  with  iiauseji  <ii-  wiili  i)ain,  gastric  lavage 
should  at  onc(>  l)e  ciiiploycd,  hut  it  is  iinpoitaiil,  to  iviucinher  not  to  put  more 
than  half  a  pint  of  water  in  the  stomach  at  one  time,  lor  IVar  of  subjecting  the 
sutures  to  too  great  tension.  The  llnid  should  be  at  a  teinperatiiic  of  ]().5° 
Fahrenheit.  This  procedure  may  be  repealed  as  often  as  the  disturbance  occurs. 
Milk  is  usually  not  borne  nearly  so  well  as  broth,  gruel,  or  buttermilk,, or  the 
various  connnercial  concentrated  lie  pi  id  foods. 

The  after-treatment  should  be  carefully  continued  for  months  after  the 
patient  leaves  the  hospital,  in  order  that  all  of  the  mechanical  and  chemical 


Fig.  153. — Hour-glass  Stomach.  The  diagram  shows  how,  in  the  operation  of  gastro-gastrostonw, 
the  folds  of  the  two  halves  of  the  stomach  are  held  by  clamps  e  and  /  while  the  openings  a  h  and  a'  b' 
are  being  united.     Tlie  posterior  Lembert  suture  c  has  been  completed. 


functions  of  the  stomach  may  return  to  as  nearly  a  normal  condition  as  is  possible 
with  the  changed  anatomical  conditions  due  to  the  operation  itself.  The  treat- 
ment, however,  should  be  almost  entirely  dietetic  and  hygienic. 

Patients  whose  condition  necessitates  an  operation  upon  the  stomach  are 
usually  not  at  all  sensible  as  regards  their  diet — parti}'  from  the  fact  that  the 
pathological  condition  present  in  the  stomach  has  prevented  them  from  eating 
with  comfort  the  foods  that  are  ordinarily  wholesome  and  easil}^  digested,  and 
partly  from  the  fact  that  they  have  never  learned  to  eat  properly.  This  latter 
fact  has  frequently  much  to  do  with  bringing  about  their  stomach  disease. 

The  drainage,  when  unobstructed,  prevents  hyperacidity  of  the  stomach^ 
one  of  the  chief  difficulties  existing  before  the  operation,  and  one  which  interferes 
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greatly  with  the  proper  digestion  of  food.  The  food  to  be  given  to  thoso  ])atients 
during  convalescence  shoukl  consist  of  soft  digestible  meats  like  scraped  raw 
meat  that  has  been  heated  sufficiently  to  make  it  palatable,  sterile  boiled  rice, 
tapioca,  sago,  and  ])read  that  has  been  carefully  toasted  and  then  soaked  in  milk 
or  in  cream  which  has  l)een  diluted  with  hot  water.  Later  on,  tender  roast  beef 
or  broiled  steak,  broiled  fish,  and  vegetable  purees  made  of  peas,  beans,  carrots, 
asparagus  tips,  and  cauliflower  may  be  given.  Eggs,  either  soft-boiled  or  scram- 
bled, or  in  the  form  of  an  omelet,  are  also  permissible.  It  is  important  to  prevent 
the  use  of  foods  which  will  cause  a  mechanical  irritation — such,  for  example,  as 
vegetables  containing  husks,  berries  with  seeds  or  skins,  etc.  ^'ery  hot  or  verj^ 
cold  drinks  should  be  avoided;  so  also  should. spices,  pickles,  alcoholic  beverages, 
and  coffee.     Milk  or  cream  diluted  with  hot  water  makes  an  ideal  diink  for  these 


Fig.  154. — Diagram  Illustrating  the  Manner  of  Performing  a  Gastrorrliaphy  for  the  Cure  of  a 
Dilated  Stomach  Associated  with  Gastroptosis,  but  without  Pyloric  Obstruction.  The  lines  a  and 
a'  and  h  and  h'  are  to  be  united. 


patients,  and  in  time  they  come  to  prefer  it  to  tea  or  coffee.     Hot  breads,  pan 
cakes,  and  pies  should  be  permanently  prohibited. 

In  feeding  these  patients  one  should  be  very  careful  not  to  make  the  intervals 
between  meals  too  short.  Unless  thoroughly  predigested  foods  are  given,  the 
times  w^hen  nourishment  is  administered  should  be  at  least  three  hours  apart. 
Later  on,  when  convalescence  has  been  established,  the  periods  should  be  ex- 
tended to  from  four  to  six  hours.  If  this  precaution  is  not  taken,  the  stomach — 
by  reason  of  its  inability  to  empty  itself  between  meals — will  be  subjected  to  the 
same  condition  which  existed  when  it  contained  residual  substances, — a  condition 
which,  before  the  operation,  was  due  to  the  existence  of  pyloric  obstruction  or 
to  a  pouching  of  the  greater  curvature  of  the  stomach.  Clinical  experience  has 
shown  that,  unless  the  importance  of  all  of  these  precautions  is  thoroughly 
impressed  upon  the  patient  during  the  early  part  of  his  convalescence,  he  will 
surely  commit  errors  in  this  direction  which  will  produce  unsatisfactory  results 
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followiiiir  tlu'  oprratuMi.     This  ilictctic  and  hygienic  tivatnient  should  be  directed 
and  controlled  by  tlu'  physician  for  a  number  ot"  years  after  the  operation. 

In  a  few  cases  these  patients  suffer  from  consti{)ation  after  the  operation. 
This  is  most  readily  reliev(\l  b}-  o;i\'in,H;  two  teaspoonfuls  of  Carlsbad  salts  in  a 
large  glass  of  warm  watt>r  half  an  hour  before  breakfast.  Many  of  these  patients 
thrive  if  they  are  given,  each  day,  a  single  meal  composed  of  from  a  pint  to  a 
quart  of  good  milk  or  buttermilk.  This  will  allow  regular  rest  for  the  stomach 
and  at  the  same  time  it  will  supply  the  patient  with  an  abundance  of  food. 
Occasionally  milk  or  buttermilk,  if  given  pure,  will  not  agree  with  the  patient, 
while,  if  diluted  with  about  ten  per  cent  of  lime  water,  it  is  borne  very  well. 

Much  discredit  has  fallen,  especially  upon  the  operations  for  gastrorrhaphy 
and  gastro-enterostomy,  because  this  precaution  of  continuing  careful  hygienic 
and  dietetic  treatment  for  a  long  period  of  time  has  been  neglected:  the  patients 
upon  whom  one  or  other  of  these  operations  had  been  performed  falling  again 
into  the  hands  of  stomach  specialists  whom  they  had  abandoned  before  the 
operation. 

At  this  point  it  may  be  well  to  direct  attention  to  the  fact  that  no  benefit  can 
come  from  gastrorrhaphy  in  patients  whose  digestive  disturbances  are  due  to  a 
general  neurotic  condition.  Of  late,  many  of  these  neurotic  patients  have  had 
their  attention  directed  to  their  gastric  disturbances,  and,  as  a  result,  their 
gastric  disturbances  have  become  more  pronounced.  It  seems,  therefore,  as  if, 
in  many  of  these  cases,  the  neurotic  condition  were  secondary  to  the  malnutrition 
resulting  from  gastric  disturbance. 

It  is  plain  that  a  general  neiu'otic  condition  would  not  preclude  the  co- 
existence of  gastric  ulcer,  of  pyloric  obstruction,  or  of  a  dilated  stomach,  but  the 
relieving  of  any  one  of  these  conditions  would  not  cure  the  neurosis.  It  is 
consequently  wise  to  refer  these  cases  for  treatment  to  the  neurologist,  who, 
while  he  may  fail,  with  the  measures  at  his  command,  to  afford  the  desired  relief, 
will  at  least  not  add  a  mechanical  and  anatomical  blemish  as  serious  as  that  of  a 
gastro-enterostomy. 

Gastroptosis. — ^There  are  few  patients  in  whom  gastroptosis  exists  in  an 
uncomplicated  form.  Originally  it  is  accompanied  by  a  more  or  less  general 
enteroptosis — a  condition  in  which  all  of  the  intra-abdominal  organs  fail  to 
retain  their  proper  vertical  positions.  Thus,  for  example,  when  the  patient 
is  in  a  standing  position,  the  edge  of  the  liver  is  below  the  normal  line:  the 
IdcLneys,  especially  the  right  one,  are  lower  than  normal :  the  transverse  colon, 
the  csecima,  and  the  small  intestines  are  all  just  above  the  brim  of  the  pehis; 
there  is  frequently  at  the  same  time  a  diastasis  of  the  recti  muscles  of  the  abdo- 
men. Several  years  ago  many  of  these  patients  were  subjected  to  gastro-enter- 
ostomy, in  the  hope  that  they  might  be  relieved  of  their  digestive  disturbances, 
by  establishing  gastric  drainage;  but  the  results  were  most  unsatisfactory. 

A  number  of  operations  have  been  de\'ised  for  suspending  the  stomach  at 
the  proper  level,  but  none  of  these  methods,  with  the  possible  exception  of  the 
one  de\ased  by  Beyea,  has  given  satisfactory  results.  This  method  is  described 
bv  the  author  as  follows : —  ,  . 
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Operation  by  Beyea. — "The  patient,  after  l)eiiig'  prepared  for  the  ()[)eratioii 
of  ca^liotomy  and  anaesthetized,  is  placed  upon  the  operating  table  in  a  position 
opposite  to  that  employed  for  operations  through  the  lower  portion  of  the 
abdomen.  The  object  of  this  position  is  to  permit  the  elevation  of  the  chest  and 
upper  portion  of  the  abdomen,  to  allow  gravitation  of  the  intestines  and  stomach 
out  of  the  field  of  operation,  and  in  order  to  gain  every  advantage  of  the  Trende- 
lenburg position.  The  skin  of  th(>  abdomen  is  then  scrubl)ed  with  ether,  alcohol, 
and  a  mercuric  chloride  solution,  and  the  field  of  operation  is  surrounded  b}^ 
sterilized  towels.  An  incision  is  made  through  the  linea  alba,  midway  between 
the  xiphoid  cartilage  and  the  umbilicus.     The  tissues  are  separated  in  the  usual 
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Fig.  155. — Diagram  Illustrating  Beyea's  Operation  for  Relief  of  Gastroptosis.     I,  Gastrophrenic 
ligament;    1,  2,  3,  sutures  used  for  shortening  this  ligament  and  thus  elevating  the  stomach. 


manner  and  the  peritoneal  cavity  is  opened,  exposing  a  small  portion  of  the 
lesser  curvature  and  the  cardiac  end  of  the  stomach,  the  gastrohepatic  ligament 
or  omentum,  the  gastrophrenic  ligament,  and  the  lower  portion  of  the  left  lobe 
of  the  liver.  The  table  is  then  elevated  to  the  inverted  Trendelenburg  position 
and  the  stomach  is  displaced  still  further  downward  and  out  of  the  wound  by 
means  of  gauze  sponges.  This  proceduce  causes  the  gastrohepatic  and  the 
gastrophrenic  ligaments  to  become  slightly  stretched  and  separated  from  the 
underlying  structures,  which  permits  an  accurate  determination  of  the  length  of 
these  ligaments  and  very  greatly  facilitates  the  operative  manipulations.  The  gas- 
trophrenic ligament  is  seen  well  developed,  and  evidently  forms  a  strong  support  to 
the  cardiac  end  of  the  stomach.    The  joining  portion  of  the  gastrohepatic  ligament 
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is  comjioscd  of  thin,  delicate  peritoneuin.  increasing  in  thickness  and  strength 
toward  the  right  or  jn-loric  end  of  the  stomach.  Pietractoi-s  are  introduced  and 
the  hver  is  held  aside  by  placing  a  gauze  sj)onge  Ijeneath  the  retractor.  Three 
rows  of  interrupted  silk  sutures  are  then  introduced  so  as  to  plicate  and  thus 
shorten  the  gastrohepatic  and  gastrophrenic  ligaments  in  the  following  manner. 
The  fii-st  row,  beginning  in  the  gastrophrenic  ligament  and  extending  across  the 
gastrohe]iatic  ligament  to  a  point  almost  opposite  the  pyloric  orifice  and  hepatico- 
duodenal  ligament,  is  introduced  so  as  to  form  a  plication  of  the  centre  of  these 
ligaments,  and  includes,  from  above  downward  or  vertically,  about  4  cm.  of 
tissue.  (Row  Xo.  1.  Figs.  155  and  15G.)  They  are  practically  mattress  sutures, 
including  sufficient  of  the  delicate  tissue  (1  cm.)  to  insure  against  their  tearing 
out.     Five  sutures,  about  one  inch  apart,  are  now  introduced  from  right  to  left 


Fig.  1.56. — Diagram  illustrating  a  More  Advanced  Stage  of  Beyea's  Operation  for  the  Relief  of 
Gastroptosis.  The  deepest  row  of  sutures  of  the  gastrophrenic  hganient  has  been  completed,  as  shown 
at  1.     The  second  and  third  rows.  2  and  3.  are  partly  completed. 


and  caught  in  the  haemostatic  forceps.  The  next  row  of  sutures  (row  Xo.  2), 
is  introduced  m  the  same  manner,  but  it  extends  2.5  cm.  above  and  the  same 
distance  below  the  fii-st  row.  Then  a  third  row  (row  Xo.  3)  is  introduced  just 
above  the  gastric  vessels  and  a  short  distance  below  the  diaphragm  and  Hver. 
The  suturing  is  strictly  confined  to  the  normal  Hgamentary  supports,  and  the 
distance  between  the  rows  from  left  to  right  is  increased  ^ith  the  length  of  the 
ligaments,  being  greater  toward  the  right.  The  gauze  sponges  are  now  removed, 
and  the  first,  the  second,  and  finally  the  third  ro\^•  of  sutures  secured,  the  stomach, 
particularly  the  pyloric  end,  being  elevated  to  a  little  above  the  normal  position. 
The  abdominal  wound  is  closed  by  suturing  the  peritoneimi  \\-ith  catgut,  the 
fascia  -^ith  catgut,  and  the  skin  with  an  intracutaneous  silk  suture:  in  addition, 
three  re-enforcing  silkworm-gut  sutures.'are  passed  through  the  skin  and  fascia." 
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Beyea's  operation  has  one  distinct  advantage  over  the  others  which  have  been 
described:  it  carries  the  lesser  curvature  of  the  stomach  to  a  relatively  high 
level  as  compared  to  the  level  of  the  pylorus.  In  gastroptosis  there  seems  to  be 
a  sagging  down  of  the  portion  of  the  stomach  which  lies  between  the  pyloric 
attachment  and  the  oesophageal  attachment,  both  of  which  parts  arc  relatively 
fixed.  The  resulting  deformit}-  in  the  stomach  makes  it  xcvy  difficult  for  fofjd 
to  be  expelled  through  the  pylorus  because  of  the  distance  to  which  it  must  be 
elevated.  Moreover,  this  deformity  increases  very  appreciably  the  storage  end 
of  the  stomach  and  decreases  the  grinding  end  to  a  corresponding  degree.  Both 
of  these  conditions  arc  of  course  unfavorable  for  the  normal  progress  of  digestion, 
and  must  in  time  result  in  producing  an  accumulation  of  residual  contents  in  the 
dependent  pouch  formed  by  the  greater  curvature  of  the  stomach.  With  the 
increase  in  this  condition  comes  a  condition  of  malnutrition,  because  the  patient 
absorbs  products  of  decomposition  instead  of  products  of  normal  digestion. 

Careful  and  thoroughly  applied  gastric  lavage  is  of  great  benefit  to  these 
patients,  as  it  removes  decomposing  stomach  contents  and  leaves  the  stomach  in 
as  favorable  a  condition  as  possible  for  digesting  food  next  placed  in  its  cavity. 

In  case  operative  treatment  is  determined  upon,  gastric  lavage  should  be 
carefully  employed  for  a  number  of  days  before  the  operation.  It  is  best  to 
perform  the  lavage  about  three  hours  after  meals.  Half  an  hour  before  meals 
give  half  a  teaspoonful  of  Carlsbad  salts  in  moderately  hot  water.  This  will 
dissolve  the  mucus  and  leave  the  stomach  in  a  fairly  good  condition. 

The  operation  just  described  for  the  relief  of  this  condition  carries  the  lesser 
curvature  of  the  stomach  to  a  point  a  little  above  the  normal  level,  in  order  to 
make  up  for  some  slight  sagging  which  is  certain  to  occur  as  a  result  of  the 
stretching  of  the  cicatricial  tissue  caused  by  the  suturing  of  the  gastrophrenic 
ligament. 

After-treatment. — Directly  after  the  operation  gastric  lavage  should  be  carried 
out  at  least  twice  a  day  during  the  time  the  patient  is  in  the  hospital.  Nourish- 
ment should  be  given  in  the  form  of  enemata  until  the  patient  shows  marked 
symptoms  of  hunger,  when  concentrated  foods  in  small  quantities  should  be 
given  by  way  of  the  mouth.  If  the  stomach  maintains  its  characteristic  position, 
the  conditions  for  normal  digestion  will  of  course  be  greatly  improved,  and 
within  a  few  months  the  patient's  nutrition  will  be  markedly  benefited.  Among 
these  patients  there  are  many  who  suffer  from  a  general  neurotic  condition,  and, 
unless  this  be  entirely  due  to  malnutrition  resulting  from  the  gastroptosis,  the 
neurotic  condition  wall  not  be  benefited. 

Duodenal  Sphincter. — In  a  considerable  number  of  cases  in  which  it  seemed 
difficult  to  make  a  differential  diagnosis  between  disease  of  the  pylorus,  disease 
of  the  duodenum,  and  disease  of  the  gall-bladder  and  ducts,  the  author  has 
found  an  anatomical  condition  which  seems  of  sufficient  importance  to  receive 
some  especial  attention.  This  condition  consists  in  an  increase  in  the  circular 
muscle  fibres  at  a  point  below  the  entrance  of  the  common  duct  into  the  duode- 
num. These  muscle  fibres  may  be  arranged  in  one  or  in  tw^o  groups.  They 
may  be  placed  directly  below  the  entrance  of  the  common  duct  or  they  may 
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be  located  at  any  spot  below  this  point  in  the  wall  of  the  duodenum,  but  usually 
they  are  located  from  2  to  5  cm.  below  this  point,  as  shown  in  Fig.  137. 

The  author  has  not  as  yet  been  able  to  detemiine  the  proportion  of  bodies  in 
which  the  circular  muscle  fibres  at  this  point  in  the  duodenum  are  sufficiently 
mmierous  to  produce  a  distinct  sphincter — a  sphincter,  however,  which  is  never 
so  pronounced  as  the  pyloric  sphincter.  Neither  has  he  been  able  to  detemiine 
whether  the  presence  of  this  duodenal  sphincter  is  due  to  hypertrophy  of  the 
muscular  fibres  natural  to  the  part  or  whether  it  represents  a  congenital  pecul- 
iarity. 

In  these  cases  there  is  usually  a  marked  dilatation  of  the  duodeniun  above 
this  sphincter  and  frequently  the  j:>ylorus  is  wide  o]:ion.     This  condition  may 


Fig.  157. — Diagram  of  the  Stomach  and  Duodenum.  Showing  the  Pylorus  (p').  the  Common  Duct 
(c  d),  the  Duct  of  Wixsung  (ic),  and  also  the  location  of  the  increase  in  circular  muscle  fibres  ats. 
The  latter,  however,  is  exaggerated  in  the  drawing,  as  it  is  never  nearly  so  powerful  a  sphincter  as 
the  pylorus,  but  it  is  usually  broader  than  the  pylorus. 

exist  independently  or  it  may  exist  as  a  complication  of  ulcer  of  the  stomach, 
duodenal  ulcer,  or  cholecystitis.  It  has  never  been  obsen'ed  in  connection  with 
a  marked  degree  of  gastric  dilatation,  probably  because  the  obstmction  due  to 
the  presence  of  this  sphincter  is  not  sufficient  to  cause  a  dilatation  of  the  stomach. 

It  is  well  to  bear  this  condition  in  mind  in  all  cases,  because  it  wiU  seixe  to 
explain  a  number  of  cases  in  which  the  conditions  found  at  the  time  of  operation 
do  not  correspond  with  the  diagnosis. 

Carcinoma  of  the  Stomach. — The  surgical  treatment  of  carcinoma  of  the 
stomach  has  received  much  attention  during  the  last  twenty-five  years. — that 
is,  since  it  was  first  introduced  by  Billroth.  Woelfler.  Mikulicz,  Czemy,  Kocher, 
^layo-Robson.  Mo^iiiihan.  Hartmann.  and  many  othei-s  abroad,  and.  in  this 
coimtr}-.  Maj-o,  Monro.  Murphy,  and  othei-s  have  written  extensively  on  this 
subject,  and  have  developed  a  technique  which  is  as  far  advanced  as  is  the 
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technique  connected  with  the  surgical  treatment  of  any  other  abdominal  con- 
dition. 

The  important  point  in  the  surgical  treatment  of  carcinoma  of  the  stomach 
is  to  be  able  to  make  an  early  diagnosis.  The  success  of  the  treatment  depends 
quite  as  much  upon  this  diagnosis  as  upon  the  operative  technique  after  the 
diagnosis  has  been  made.  It  is,  however,  but  rarely  that  an  early  diagnosis  is 
made  in  these  cases,  because,  as  a  rule,  they  do  not  come  into  the  hands  of  the 
surgeon  until  they  are  far  advanced,  except  when  they  come  with  a  mistaken 
diagnosis  of  ulcer  of  the  stomach. 

The  medical  practitioner  should  bear  constantly  in  mind  the  importance  of 
what  has  been  stated  above,  in  order  that  he  may  place  any  patient  who  may  be 
suspected  of  having  carcinoma  of  the  stomach,  under  surgical  treatment  as  early 
as  possible. 

Recently  Elsberg  has  published  a  method  which,  when  fully  developed, 
promises  to  equal  the  tuberculin  test  in  tuberculosis  in  the  diagnosis  of  even  the 
earliest  beginning  of  carcinoma.  It  is  likely  that  the  method  will  undergo  im- 
portant changes  in  the  near  future,  and  therefore  it  will  not  be  best  to  describe 
it  in  its  present  form. 

The  fact  that  gastric  ulcer  and  carcinoma  both  occur  most  frequently  in  the 
pyloric  end  of  the  stomach,  would  indicate  that  the  carcinoma  may  have 
developed  upon  the  ulcer.  This  belief  has  been  borne  out  by  a  study  of  the 
histories  of  many  cases.  Fuetterer  has  also  shown  experimentally  that  carci- 
noma— at  least  in  some  instances — develops  from  a  gastric  ulcer.  These  facts 
point  toward  the  advisability  of  undertaking  surgical  treatment  at  an  early  stage 
of  the  disease  in  cases  in  which  it  is  not  possible,  without  an  exploratory  incision, 
to  make  a  positive  differential  diagnosis  between  carcinoma  of  the  stomach  and 
gastric  ulcer. 

Diagnosis. — In  the  early  stages  of  carcinoma  of  the  stomach  the  symptoms 
are  practically  the  same  as  those  which  have  already  been  described  as  charac- 
terizing gastric  ulcer.  Later,  when  the  carcinoma  becomes  ulcerated,  there  are 
distinct  symptoms  due  to  the  absorption  of  septic  material.  The  hemorrhage 
differs  little  from  that  observed  in  gastric  ulcer.  Still  later  in  the  course  of  the 
disease,  there  is  an  unmistakable  cachexia,  which  is  more  or  less  marked  accord- 
ing to  the  extent  of  the  carcinoma  in  the  stomach  itself  or  of  its  metastases  in 
other  organs,  or  according  to  the  degree  to  which  it  has  invaded  surrounding 
structures.  That  much  of  the  cachexia  is  due  to  absorption,  from  the  stomach 
and  intestines,  of  products  of  decomposition,  is  proven  by  the  fact  that  this 
condition  is  usually  reduced,  to  a  marked  degree,  whenever  gastric  lavage  is 
employed  regularly  two  or  three  hours  after  food  has  been  taken.  At  a  still 
later  stage  of  the  disease,  a  distinct  tumor  may  be  felt  through  the  abdominal 
walls,  this  recognition  being  facilitated  by  the  emaciation  of  the  patient  as  well 
as  by  the  growth  of  the  tumor.  Unfortunately,  when  the  latter  has  reached 
such  a  size  that  it  can  be  palpated  through  the  abdominal  walls,  it  is  usually  too 
late  to  obtain  a  permanent  cure. 

Often  the  presence  of  a  tumor  is  simulated  by  the  contraction  of  the  rectus 
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abdominis  imiscle  which  takes  phici'  when  pali)ati()ii  is  made.  This  condition 
is  especiaHy  marked  in  tiio  presonco  of  gasti'ic  iih-rr  in  whicii  there  has  been 
acute  irritation. 

Chemical  Eixunuiatiuti  of  the  JSlotnach  Contents. — In  advanced  carcinoma 
of  the  stomach  the  chemical  examination  of  the  stomach  contents,  obtained  an 
hour  after  a  test  meal  has  been  given,  usually  shows  the  absence  of  free  hydro- 
chloric acid  and  th(>  presence  of  lactic  acid.  It  is  well  to  make  this  test;  neverthe- 
less, a  negati^•e  result  should  always  be  ignored  when  a  diagnosis  of  carcinoma 
has  been  made  from  a  study  of  the  history  and  the  remaining  symptoms.  This 
test  is  not  reliable  during  the  early  stages  of  the  disease,  when  surgical  treatment 
promises  a  fair  chance  for  relief.  It  is  consequently  not  advisable  to  allow  the 
patient  to  advance  to  a  hopeless  condition  in  order  to  make  a  diagnosis  by  means 
of  this  test. 

Microscopic  Examination  of  the  Stomach  Contents. — In  the  early  stages 
of  carcinoma  of  the  stomach  the  microscopic  examination  of  the  contents  of 
this  organ  usually  shows  nothing  but  blood  and  other  substances  which  are 
regularly  found  in  the  contents  obtained  from  the  normal  stomach  or  from  one 
in  which  only  benign  ulcers  are  present.  In  the  more  advanced  cases  of  the 
disease  the  Boas-Opler  bacillus  is  likely  to  be  found,  and  it  is  often  possible  to 
siphon  out.  through  a  stomach  tube,  fragments  of  the  tumor  tissue  together  with 
the  stomach  contents:  but  here,  again,  the  patient's  condition  has  reached  such 
a  point  that  surgical  treatment  will  be  of  no  permanent  benefit  to  him.  If,  then, 
cases  of  carcinoma  of  the  stomach  are  to  be  benefited  by  surgical  interference,  it 
is  necessary  to  operate  during  the  early  stages  when  the  local  disease  is  still 
c}uite  circimiscribed.  In  order  to  carry  out  this  early  treatment  it  ma}^  often 
be  necessary  to  make  an  exploratory  incision  for  the  purpose  of  confimiing  or 
disproving  the  diagnosis.  It  is  usualh'  possible  to  make  a  positive  diagnosis 
after  the  abdomen  has  been  opened,  and  after  one  has  been  able  to  palpate  the 
gro\^-th  carefully ;  but  even  then  it  is  sometimes  impossible  to  make  a  differential 
diagnosis  between  an  indurated  ulcer  and  a  carcinoma.  Surgeons  who  have 
had  much  experience  in  operating  for  the  relief  of  this  condition,  have  occasion- 
ally, while  laboring  under  the  belief  that  they  were  removing  a  beginning  carci- 
noma, removed  in  reality  what  proved  afterward  to  be  a  non-malignant  indurated 
ulcer  of  the  pylorus;  and  vice  versa.  This  error  is  of  but  slight  importance,  as 
the  same  treatment  may  be  properly  applied  to  both  of  these  conditions :  the  only 
difference  between  the  tw^o  being  that  a  somewhat  more  extensive  operation  is 
indicated  in  the  presence  of  an  incident  carcinoma  because  of  the  likelihood  of  a 
recurrence  if  any  of  the  surrounding  lymph  nodes  are  not  removed. 

Technique  of  the  Operatiox  for  the  Removal  of  a  Carcinoma  of 
THE  Stomach. — In  determining  how  large  a  portion  of  the  stomach  should  be 
excised,  in  a  case  of  carcinoma  of  this  organ,  it  is  well  to  bear  in  mind  the  dis- 
tribution of  the  hmiph  nodes  as  well  as  the  distribution  of  the  arteries.  The 
removal  of  all  the  affected  nodes  is  necessary  if  the  patient  is  to  be  made 
reasonably  safe  against  a  recurrence.  A  knowledge  of  the  distribution  of  the 
arteries  is  necessarv  in  order  that  the  surgeon  may  determine  just  how  much  of 
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the  organ  may  bo  roiiiovcd  with  relative  safety  as  regards  the  iininediate  re- 
covery. So  far  as  the  latter  (luestion  is  concerned,  it  matters  little  how  large  a 
portion  of  the  pyloric  end  of  the  stomach  is  removed,  provided  one  docs  not  go 
beyond  the  point  of  entrance  of  the  coronary  artery ;  but,  when  a  greater  portion 
is  removed,  the  mortality  is  immediately  increased  to  a  great  degree.  Fortu- 
nately, the  removal  of  this  limited  portion  of  the  stomach  suffices  in  a  vast 
majority  of  cases. 

These  points  are  illustrated  beautifully  by  the  anatomical  studies  of  Hartmann 
and  Cuneo,  which  show  that  the  lymph  nodes  which  are  infected  in  case  of  car- 
cinoma of  the  stomach  do  not  usually  extend  beyond  the  point  of  entrance  of 
the  coronary  artery. 

Fig.  158  shows  the  area  of  the  stomach  which  usually  remains  free  from 
infection  with  carcinoma.  The  portion  to  the  cardiac  side  of  the  area,  which  is 
included  between  the  dotted  lines,  is  known  as  the  dome  of  the  stomach.  This 
portion  usually  remains  free  from  carcinoma  in  all  operable  cases.  The  dotted 
lines  represent  the  lines  of  choice  through  which  different  surgeons  make  their 
incisions  in  partial  gastrectomy  for  carcinoma  of  the  pylorus.  The  remaining 
portion  of  the  organ  with  its  lymph  channels  is  likely  to  be  involved,  and  so  also 
are  the  lymph  nodes  along  the  greater  and  the  lesser  curvatures. 

If  we  bear  this  distribution  of  the  lymphatics  in  mind  we  shall  be  more  likely 
to  make  a  complete  excision  of  all  of  the  diseased  tissues  than  would  be  possible 
if  we  were  to  proceed  empirically  altogether.  There  can  be  no  doubt  but  that, 
in  this  as  in  every  other  region  of  the  body,  the  success  of  an  excision  of  car- 
cinoma depends  upon  the  extensive  removal  of  surrounding  tissues  as  well  as 
upon  the  careful  removal  of  the  lymph  nodes  which  are  in  a  position  in  which 
they  are  likely  to  become  invaded. 

Whenever  the  tumor  itself  has  invaded  any  of  the  immediately  surrounding 
tissues  its  removal  does  not  promise  a  sufficient  likelihood  of  permanent  cure  to 
be  worth  while.  In  fact,  if  the  obstruction  is  overcome  by  performing  a  gastro- 
enterostomy, the  tumor  frequently  ceases  for  a  time  to  grow,  its  ulcerated 
surfaces  heal,  and  the  general  condition  of  the  patient  improves  to  a  marked 
degree.  This  can  usually  be  improved  by  giving  the  patient  one  or  two  grains  of 
methyl  blue  (pyoctanin)  three  or  four  times  a  day,  and  from  five  to  ten  drops  of 
oil  of  eucalyptus  an  equal  number  of  times.  These  remedies  seem  to  exert  a 
disinfecting  effect  upon  the  ulcerated  surfaces.  On  the  other  hand,  if  an  attempt 
is  made  to  remove  or  partially  remove  these  carcinomata,  in  cases  in  which  the 
complete  removal  is  impossible,  one  frequently  observes  a  very  rapid  increase  in 
the  growth.  The  operation  seems,  in  many  of  these  cases,  to  stimulate  the 
growth  to  a  marked  degree.  For  this  reason  it  seems  wdse  not  to  attempt  the 
removal  of  a  carcinoma  of  the  stomach  in  any  case  in  which  it  is  plain  that  a 
complete  removal  is  impossible. 

Some  years  ago,  there  was  laid  down,  by  a  number  of  surgeons,  a  rule  accord- 
ing to  which  gastrectomy  or  partial  gastrectomy  was  permitted  only  in  cases  in 
which  there  was  no  secondary  involvement  of  lymph  nodes,  because  it  seemed 
certain  that  in  all  of  these  cases  the  disease  must  have  advanced  to  a  hopeless 
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dciiivc  at  tlu'  tiino  of  (he  oiuTatioii.  Furtlicr  cxiHTiciicc  lias  shown,  however, 
that  this  was  too  broad  a  sui^position.  It  lias  been  iouiub  for  example,  that  in 
many  eases  the  enlarged  lymph  nodes  are  inflammatory  in  character  and  do  not 
contain  secondary  carcinoma.  In  any  given  case,  then,  in  whi<-h  it  seems 
possible  to  remove  the  (>ntire  ])rimary  growth,  it  is  best  to  undertake  this  even 


■  ,    ^,       ■  ^f  ti.o  Pvlorns      The  diagram  shows  the  arrangement  of  the 

Fig.  15S.-Stomach  with  Carcinoma  of  t^^  P>1otu--      .Y'^i';''\^dicates,  by  means  of  dotted  Unes, 

carcinoma  of  the  pylorus. 

though  there  be  an  involvement  of  lymph  nodes.  Of  course,  the  latter  must  be 
verr  carefully  removed  at  the  same  time. 

It  may  be  well  to  enumerate  the  dangei^  which  this  thorough  excision 
involves,  so  that  they  may  be  kept  in  mind  during  each  step  of  the  operation  :- 

(1)  There  is  danger  of  necrosis  of  the  remaining  portion  of  the  stomach  it 
care  i   not  taken  to  presei.-e  a  sufficient  supply  of  blood  from  the  lesser  cnn^ature 
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of  the  stomach.  Ordinarily  this  danger  can  be  avoided  by  not  carrying  the 
incision  beyond  a  point  a  Httle  to  the  right  of  the  coronary  artery,  but,  in  case 
of  an  anomalous  distribution,  which  is  not  altogether  uncommon,  care  nuist  be 
taken  to  preserve  a  suitable  arterial  branch. 

(2)  Injury  to  the  pancreas  is  likely  to  be  followed  by  fat  necrosis  and  by 
suppuration.  In  case  such  an  injury  occurs,  the  surface  should  be  carefully 
sutured  and  a  gauze  or  cigarette  drain  should  be  introduced  down  to  the  point 
of  injury  and  out  of  the  upper  angle  of  the  abdominal  wound. 

(3)  The  loop  of  the  duodenum  lying  behind  the  pyloric  end  of  the  stomach 
may  be  injured.  This  can  be  avoided  easily  by  bearing  in  mind  the  location  of 
this  intestine. 

(4)  The  median  colic  artery  may  be  caught,  and  this  may  result  in  a  gangrene 
of  the  transverse  colon.  This  danger  may  be  avoided  by  lifting  up  the  pyloric 
end  of  the  stomach  and  clamping  and  severing  the  greater  omentum  step  by 
step. 

(5)  There  is  danger  of  infection.  This  danger  must  of  course  be  avoided  by 
carefully  packing  away  the  surrounding  structures  with  gauze  pads. 

(6)  There  is  danger  from  tension  between  the  jejunum  and  the  stump  of  the 
stomach.  This  danger  can  be  avoided  by  selecting  the  proper  portion  of  the 
jejunum  to  which  the  stomach  is  to  be  attached. 

(7)  There  is  danger  from  pneumonia  following  the  operation.  This  danger 
is  probably  due  in  large  measure  to  unnecessarily  severe  manipulations  during 
the  operation  and  to  the  position  in  which  the  patient  is  placed  after  the  opera- 
tion. As  soon  as  possible  after  the  operation  the  patient  should  be  placed  in  a 
sitting  or  semi-sitting  position,  and,  until  this  can  be  done,  the  head  end  of  the 
bed  should  be  elevated  twelve  inches.  The  patient  can  usually  be  placed  in 
the  semi-sitting  position  within  six  hours  after  the  operation. 

(8)  Another  post-operative  danger,  w^hich  may  be  mentioned  here,  consists 
of  the  acute  dilatation  of  the  remnant  of  the  stomach — an  occurrence  which  is 
accompanied  with  pain  and  dyspnoea  and.  sometimes  with  nausea.  This  should 
be  relieved  by  the  introduction  of  a  stomach  tube  and  by  the  use  of  gastric  lavage, 
care  being  taken  not  to  introduce  more  than  from  200  to  300  c.c.  of  fluid  at  a 
time  through  the  tube,  and  to  measure  carefully  the  amount  withdrawn  as  well 
as  the  amount  introduced. 

(9)  Post-operative  vomiting  constitutes  a  real  danger  which  should  be 
reheved  immediately  by  the  use  of  gastric  lavage,  which  may  be  repeated  as 
often  as  may  be  found  necessary  for  permanently  stopping  the  nausea  and 
vomiting. 

Gastrostomy. 

Whenever  there  is  a  complete  closure  of  the  cesophagus  from  any  cause,  or 
when  there  is  so  extensive  a  narrowing  of  this  tube  that  not  even  hcjuids  can  be 
introduced  into  the  stomach,  it  will  become  necessary  to  provide  a  means  for 
the  introduction  of  nourishment  and  fluids  into  the  stomach  in  order  to  prevent 
starvation  or  death  from  thirst.     For  a  time  it  is  possible  to  overcome  the 
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distress  of  these  patients  by  the  administration  of  iiourislunent  and  water  per 
rectum  or  by  the  subcutaneous  injection  of  normal  salt  solution;  but  this  will 
not  suffice  for  any  considerable  period  of  time.  It  is  consequently  far  better  to 
perform  gastrostomy  as  soon  as  the  {jatient  fails  to  obtain  an  amount  of  licjuid 
nourishment  sufficient  to  maintain  his  weight  and  strength. 

The  operation  is  borne  wc^ll  if  performed  before  the  patient  is  exhausted  by 
hunger  and  thirst,  and,  for  a  time,  the  benefit  to  the  patient  is  so  great  that  the 
operation  is  one  of  the  most  satisfactory  procedures  which  the  surgeon  is  called 
upon  to  perform  for  the  relief  of  patients  suffering  from  malignant  disease. 
One  condition,  however,  must  be  secured  by  the  operation,  because  without  it 
the  patient  usually  is  even  more  unhappy  than  he  was  before  the  operation. 
The  gastrostomy  opening  must  absolutely  prevent  any  leakage  of  stomach 
contents.  Any  operation  which  does  not  insure  this  condition  must  be  rejected 
as  useless. 

Technique  of  the  Operation. — An  incision  about  5  cm.  (1^  in.  to  3  in.)  long 
is  made  parallel  with,  and  sphtting  the  middle  of,  the  left  rectus  abdominis 
muscle,  half-way  between  the  ensiform  appendix  of  the  sternum  and  the  um- 
bilicus. The  precise  length  of  the  incision  will  depend  upon  the  extent  of  the 
contraction  of  the  stomach  and  the  thickness  of  its  wall.  In  the  case  of  a 
contracted  stomach  with  a  thick  wall  it  is  necessary  to  make  the  mcision  longer 
than  in  the  case  of  a  large,  thin-walled  stomach,  in  order  to  secure  a  sufficient 
amount  of  space  for  performing  the  necessary  manipulations  without  caasing 
too  much  traumatism.  The  anterior  wall  of  the  stomach  is  then  drawn  out 
through  this  incision  (Fig.  159),  and  at  the  most  prominent  point  two  separate 
silk  or  linen  purse-string  sutures  are  applied  in  concentric  circles  and  left  mitied. 
The  inner  circle — i.e.,  the  circle  described  by  the  first  suture — is  about  three- 
fourths  of  an  inch  in  diameter.  It  is  well  to  start  at  different  points  about  the 
circle  with  each  suture,  in  order  to  prevent  confusion.  These  sutures  pass 
through  all  the  layers  of  the  stomach  wall  dowm  to,  but  not  through,  the  mucous 
membrane,  as  shown  in  Fig.  160.  A  small  puncture  is  then  made  in  the  centre 
of  the  inner  circle,  and  through  this  is  introduced  a  Jacobs  retention  catheter 
from  J  to  1  cm.  in  diameter.  The  pushing  in  of  this  catheter  thi'ough  the  small 
opening  causes  the  tissues  of  the  stomach  wall  to  become  infolded,  and  this  in- 
folding is  still  further  increased  when  the  purse-string  sutures  are  drawn  tight. 
The  circular  purse-string  sutures  are  next  tied  in  succession,  the  one  nearest 
the  tube  being  tied  first.  In  this  manner  more  and  more  of  the  wall  of  the 
stomach  is  inverted,  until  a  sufficient  amount  has  been  turned  in  to  prevent 
permanently  any  leakage  even  if  the  tube  is  removed  temporarily.  Tliis  can  be 
still  further  accomplished,  by  placing  a  few  Lembert  sutures  on  each  side  of  the 
tube,  as  shown  in  Fig.  160. 

The  enlargement  at  the  end  of  the  tube  prevents  its  slipping  out  of  the 
opening.  The  stomach  is  then  sutured  to  the  peritoneum  and  the  transversalis 
fascia  with  catgut  sutures ;  and  it  is  further  supported  by  a  deep  suture  which, 
placed  on  either  side  of  the  tube,  grasps  in  succession  all  of  the  layers  of  the 
abdominal  wall  and  then  all  the  lavers  of  the  stomach  wall  down  to,  but  not 
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through,  the  nuicous  nieinbmnc.  The^^c  sutures  may  consist  of  silkworm-gut 
or  of  silk.     (^Fig.  161.) 

If  this  method  is  carefully  carried  out,  the  opening  may  be  maintained  for  an 
indefinite  period  of  time  without  danger  of  leakage. 

The  projecting  portion  of  the  tube  is  fastened  to  an  abdominal  Ijandage  and 
its  end  is  closed  with  a  cork.  If  the  patient  desires  food,  he  attaches  a  funnel  to 
the  end  of  the  tube  and  pours  any  kind  of  liquid  nourishment  into  the  stomach, 
being  careful  to  do  this  slowly.     A  large  glass  syringe  may  be  used  m  place  of 


Fig.  159.— Gastrostomy.     ;S,  Stomach;    a  a'  and  b  b',  circular  silk  sutures;    x,  point  of  puncture 

for  introduction  of  tube. 


the  funnel  if  purees  or  any  other  semi-liciuid  substances  which  are  too  thick  to 
run  through  a  tube,  are  to  be  given. 

If  the  patient  wishes  to  enjoy  the  taste  of  food  he  may  chew  the  food  thor- 
oughly and  then  place  it  in  the  syringe  and  force  it  through  the  tube  into  the 
!5:tomach.  In  this  plan  there  is  the  further  advantage  of  having  the  food  mixed 
w^th  saliva  during  the  act  of  mastication. 

In  some  of  these  patients  who  have  become  much  reduced  in  strength,  the 
adhesions  fomied  between  the  stomach  and  the  abdominal  wall  are  very  frail 
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and  require  to  be  increased  by  means  of  some  irritation.  For  this  purpose  the 
use  of  iodoform  gauze  has  jiroven  vt>ry  satisfactory.  It  is  appHed  in  the  follow- 
ing manner:— A  jnece  of  iodoform  gauze  is  folded  around  the  feeding  tube,  as 
shown  in  Fig.  162.  and  stitched  to  the  stomach  by  a  number  of  interrupted  catgut 
suturi'S.  All  of  the  other  steps  of  the  operation  are  carried  out  as  above,  this 
simply  being  an  additional  safeguard.  After  about  ten  da}-s  the  catgut  sutures 
will  be  absorbed  and  the  gauze  may  be  withdrawn.  It  will  usually  be  found 
that  by  this  time  the  adhesions  between  the  stomach  and  the  abdominal  wall 
have  become  quite  firm. 

Many  of  these  patients  gain  con^i.lrrahly  in  weight  after  this  operation  has 


Fig.  160. — The  Diagram  Shows  how  Lembert  Sutures  have  been  Apphed  on  Each  Side  of  the 
Catheter  in  order  to  invert  the  wall  of  the  stomach  further  and  thus  prevent  leakage. 

been  perfoiTned,  because  the  stomach  and  intestines  are  usually  entirely  free 
from  disease.  In  many  instances  the  freedom  from  irritation  of  the  constricted 
portion  of  the  oesophagus  results  in  a  subsidence  of  the  obstmction,  so  that  these 
patients  frequently  become  able  again  to  take  liquids  through  the  mouth. 

If.  owing  to  the  marked  character  of  the  oesophageal  obstmction.  the  patient 
has  suffered  severeh-  from  thirst  before  the  operation,  half  a  pint  of  wami  nomial 
salt  solution  should  be  poured  into  the  stomach  through  the  feeding  tube  at  the 
close  of  the  operation,  and  this  procedure  should  be  repeated  every  half-hour 
until  the  patient  is  satisfied.     If  he  has  still  been  able  to  swallow  before  the 
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operation,  lie  iiiay  he  allowed  to  drink  water  naturally  after  its  completion, 
])rovidcd  this  causes  no  disti-(>ss  or  annoyance.  Otherwise,  the  water  should  be 
given  entirely  through  the  feeding  tube.  In  the  mean  time  the  patient  should 
be  fed  regularly  every  thn^e  hours  ^^•ith  peptonized  milk,  raw  egg,  the  juice 
extracted  from  roast  beef  or  broiled  steak,  rich  broths,  soups,  and  mush.  The 
food  can  be  poured  into  the  stomach  through  a  funnel,  or  an  ordinary  glass 
svringe  mav  be  attached  to  the  feeding  tube  and  this  will  serve  as  a  funnel. 


Fig.  161. — Gastrostomj'.  Diagram  shows  a  Jacobs  retention  catheter  (c)  in  place,  a,  Deep  silk- 
worm-gut sutures  for  closing  wound  in  the  abdominal  wall,  b,  catgut  suture  uniting  the  peritoneum  and 
the  transversalis  fascia  with  the  stomach. 


Later,  the  patient  may  chew  thoroughly  any  kind  of  food  and  thus  mix  it  with 
saliva.     He  can  then  inject  this  through  the  feeding  tube  into  the  stomach. 

Witzel's  Gastrostomy  Operation. 

Another  method  which  has  given  excellent  results  is  that  introduced  by 
Witzel.  It  has  been  satisfactorily  employed  in  many  cases.  The  principle 
involved  is  identical  wdth  that  of  the  operation  which  has  just  been  described. 

Technique  of  the  Operation.— The  stomach  is  approached  by  an  oblique 
incision  made  below  the  left  costal  arch  and  carried  through  the  skin  and  fascia. 
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This  incision  passes  through  the  anterior  sheath  of  the  rectus  abdominis  muscle; 
then  through  the  muscle  itself,  causing  a  vertical  sei)aration  of  its  fibres;  next 
through  the  posterior  sheath  of  this  muscle;  and,  finally,  through  th(^  peritoneum. 
A  jxH'tion  of  the  anterior  wall  of  the  stomach  is  now  drawn  through  the  wound. 
A  velvet-eyed  rubber  tulje  is  laid  against  the  anterior  wall  of  the  stomach,  gen- 
erally in  such  a  position  as  to  correspond  with  the  outer  wound,  with  the  blunt 
end  of  the  tube  toward  the  cardiac  end  of  the  stomach  and  the  opposite  end 
of  the  instrument  directed  toward  the  lesser  curvature.  A  portion  of  the  tube, 
about  two  or  three  inches  in  length,  is  now  l^uried  in  the  anterior  stomach  wall 


.y^iSi- 


K,^^-j,#- 


Fig.  162. — Diagram  Showing  tlie  Manner  of  Introducing  a  Piece  of  Iodoform  Gauze.     The  gauze 
is  folded  around  the  catheter  and  attached  to  the  wall  of  the  stomach  by  catgut  sutures. 


by  means  of  Lembert  catgut  sutures  placed  from  an  eighth  to  a  fourth  of  an  inch 
apart  and  extending  at  least  half  an  inch  beyond  the  point  at  which  the  tube  is 
to  enter  the  stomach.  This  tube  is  so  placed  as  to  avoid  the  larger  vessels. 
(Fig.  163.)  All  the  sutures  except  the  three  or  four  at  the  lower  end  of  the  tube, 
are  next  tied,  thus  burying  the  instrument  in  the  tissues.  This  part  of  the 
stomach  wall  is  then  held  in  such  a  way  as  to  separate  it  from  the  posterior  wall 
and  to  make  the  site  of  entrance  of  the  tube  into  the  stomach  prominent.  A 
quick  stab  wound  is  next  made  with  a  narrow  sharp-pointed  bistoury  through 
all  the  layers  of  the  stomach  wall  at  the  point  of  prominence.  The  end  of  the 
tube  is  then  thrust  through  the  opening  into  the  cavity  of  the  stomach,  and  the 
three  or  four  sutures  which  were  temporarily  left  untied  at  the  lower  end  of  the 
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tube,  arc  at  onec  tied,  thereby  preventing  leakage  from  the  stomach.  (Fig.  164.) 
The  stomach  is  now  allowed  to  drop  back  into  the  abdominal  cavity,  but  the 
portion  of  the  stomach  which  contains  the  buried  tube  remains  in  contact  with 
the  edges  of  the  wound.  The  serous  and  muscular  layers  of  the  stomach  in  the 
immediate  neighborhood  of  the  tube  are  next  united  by  interrupted  catgut 
sutures  with  the  two  edges  of  the  parietal  peritoneum.  (Fig.  164.)  The  external 
abdominal  wound  is  then  closed  in  the  usual  manner,  the  rubber  tube  being 
allowed  to  project  through  it.  (Fig.  165.)  In  order  that  it  may  be  held  in  its 
proper  place,  a  silk  suture  is  passed  through  the  outer  part  of  its  wall  and  is 
fastened  to  the  skin.  The  tube  is  left  in  place  for  four  or  hve  days,  and  then 
a  soft-rubber  tube  is  inserted  whenever  it  is  necessary  to  feed  the  patient. 

If  at  any  time  there  should  be  a  small  amount  of  leakage,  sufficient  to  irritate 


Fig.  163. — ^Witzel's  method  of  Gastrostomy.     The  diagram,  shows  the  manner  of  burying  the  tube 
in  the  fold  of  the  stomacli  wall  by  means  of  Lambert's  sutures.      (After  Richardson.) 

the  skin,  it  is  well  to  introduce  a  tube  slightly  larger  and  to  confine  the  patient 
exclusively  for  several  days  to  egg-albumen  diet.  The  whites  of  two  eggs  may 
be  given  through  the  tube  four  times  a  day  at  intervals  of  four  hours.  This 
removes  the  irritating  effect  of  the  gastric  juice,  and  after  the  second  day  the 
larger  tube  may  be  replaced  by  a  smaller  one,  as  quite  a  marked  narrowing  of 
the  canal  will  have  taken  place  in  the  mean  time.  The  feeding  in  general  must 
of  course  be  carried  on  as  described  in  connection  with  the  last  operation. 

Marwedel's  Method  of  Gastrostomy. 

This  operation  resembles  Witzel's  in  most  of  its  essentials.  In  two  respects, 
however,  the  procedure  is  different.  The  tube  is  buried  between  the  mucous 
coat,  on  the  one  hand,  and  the  serous  and  muscular  coats  on  the  other;  and  the 
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parietal  peritoneum  is  sutured  to  the  skin  before  the  stomach  wall  is  attached  to 
the  edges  of  the  incision  in  the  abdominal  parietes. 

Technique  of  the  Operation. — As  soon  as  the  peritoneal  cavity  is  opened  the 
parietal  peritoneum  is  brought  out  and  sutured  to  the  skin  at  the  margin  of  the 
wound.  The  anterior  wall  of  the  stomach  is  brought  up  and  sutured  to  the 
parietal  peritoneum  at  the  edges  of  the  wound.  An  incision  about  two  inches 
long  is  now  made  through  the  serous  and  nuiscular  coats  of  the  stomach.  The 
serous  and  muscular  coats  are  then  dissected  from  the  muscosa  on  both  sides 
for  a  short  distance.  A  rubber  tube  is  next  laid  between  the  split  coats  of  the 
stomach,  which  are  then  sutured  over  it  with  catgut.    The  sutures  at  the  lower 


Fig.  164. 


Fig.  165. 


Fig.  164. — Diagram  Showing  a  Later  Stage  of  Witzel's  Method  of  Gastrostomy.  The  stomach  is 
sutured  to  the  abdominal  parietes,  and  the  sutures  for  closing  the  outside  abdominal  wound  are  in 
place.     (After  Richardson.) 

Fig.  165. — Diagram  Showing  Witzel's  Method  of  Gastrostomy  Completed.     (After  Richardson.) 

end  extend  beyond  the  intended  opening  and  are  placed,  but  not  tied.  When 
all  the  rest  are  tied  an  opening  is  made  through  the  mucous  coat,  the  tube  is 
thrust  into  the  cavity  of  the  stomach,  and  the  lower  stitches  are  at  once  tied. 
The  margins  of  the  abdominal  wound  are  then  sutured  together  with  silkworm.- 
gut. 

The   Ssabanajew-Frank  Gastrostomy  Operation. 

This  operation  has  also  given  excellent  functional  results,  especially  in  cases 
in  which  there  is  a  soft  and  pliable  stomach  wall,  and  more  particularly  in  those 
in  which  the  stomach  is  reasonably  large.  There  are  many  cases,  however,  in 
which,  nothwithstanding  the  fact  that  they  require  a  gastrostomy,  the  operation 
cannot  be  satisfactorily  employed.     These  are  cases  in  which  very  little  food 
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has  been  introduced  into  the  stomach  for  a  number  of  weeks  or  months,  and  in 
which  therefore  the  organ  will  be  much  contracted.  In  the  presence  of  such  a 
contraction  it  is  not  practicable  to  perform  the  operation  satisfactorily. 

Technique  of  the  Operation. — An  incision,  from  5  to  7  cm.  long,  is  made 
parallel  to  and  along  the  left  edge  of  the  costal  arch,  as  indicated  in  Fig.  166. 
The  rectus  muscle  is  separated  vertically  by  blunt  dissection.  A  second  incision 
2  cm.  long  is  now  made  parallel  to,  and  3  cm.  above,  the  first  incision.  The 
skin  between  these  two  incisions  is  tunneled,  and  a  cone-shaped  portion  of  the 


Fig.  166. — Gastrostomy;   the  Ssabanajew-Frank  Operation,     a  b,  Primary  incision;   d,  secondary 
incision;   c,  fold  of  stomach,  drawo  out  by  means  of  suture  e. 


anterior  wall  of  the  stomach  is  drawn  out  (by  means  of  a  silk  traction  ligature 
passed  through  the  serous  and  muscular  coats)  through  the  opening  made  by 
the  first  incision  and  is  then  pulled  through  the  tunnel,  its  free  end  projecting 
a  distance  of  2  cm.  beyond  the  opening  of  the  latter.  (Fig.  167.)  The  apex 
of  the  cone  is  nearer  the  greater  than  the  lesser  curvature  and  nearer  the  cardiac 
than  the  pyloric  end  of  the  organ.  Only  so  much  of  the  stomach  as  may  readily 
pass  through  the  tunnel  described  above  should  be  drawn  out.  The  edges  of 
the  skin  wound  are  carefully  sutured  to  this  projecting  portion  of  the  stomach 
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and  the  wall  of  the  organ  further  down  is  sutured  to  th(>  edge  of  the  peritoneum 
and  the  transversalis  fascia,  in  order  to  reduce  the  tension  ujjon  the  skin.  (Fig. 
167.)  The  projecting  portion  of  th(>  st(^inach  may  now  l)e  opened,  or,  if  the  case 
is  not  very  urgent,  it  is  b(>tter  to  opvu  the  stomach  several  days  later,  in  order 
that  firm  adhesions  may  talce  place  in  the  mean  time.  The  projecting  portion 
of  the  stomach  passing  over  the  edge  of  the  ribs  forms  an  efficient  valve  to 
prevent  leakage. 

A  modification  of  this  operation  which  has  been  adopted  by  a  number  of 


Fig.  167. — Gastrostomy.  The  diagram  shows  a  later  stage  of  the  Ssabanajew-Frank  operation. 
The  portion  of  the  stomach  which  was  drawn  through  the  opening  made  by  the  primary  incision  is 
here  represented  as  being  pulled  through  the  canal  made  underneath  the  skin  by  the  secondary  incision. 


surgeons,  consists  in  making  the  same  incision  that  has  been  described  in  the 
previous  two  operations  and  then  proceeding  with  the  operation  according  to 
the  method  that  has  just  been  described.  This  incision,  as  shown  in  Fig.  168, 
has  the  advantage  of  being  a '  muscle-splitting  operation,  which  leaves  the 
abdominal  wall  somewhat  stronger  than  does  the  incision  employed  in  the 
Ssbanajew-Frank  operation. 

The  remaining  steps  of  the  operation  are  the  same  as  those  just  described. 
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II.   SURGERY  OF  THE  (ESOPHAGUS. 

Surgery  of  the  oesophagus,  in  comparison  with  surgery  of  the  rest  of  the 
gastro-intestinal  tract,  is  limited,  and  probably  will  always  remain  so  on  account 
of  the  nature  and  position  of  the  organ  itself. 

In  many  conditions  the  treatment  is  of  a  palliative  nature.  The  distress 
from  interference  with  the  function  of  the  oesophagus  is  so  great  that  these 
palliative  measures  seem  worth  while. 

Introductoky  Remarks  with  Regard  to  the  Anatomy  of  the  (Esophagus. 
— ^The  oesophagus  has  three  coats :  an  outer  or  muscular  coat,  which  is  composed 


Fig.  168. — Gastrostomy  by  a   Slightly   Modified   Method.     In   the    diagram   the   incision   in   the 
abdominal  wall  is  vertical  instead  of  oblique. 

of  two  layers;  an  inner  mucous  or  glandular  coat,  which  is  covered  with  pave- 
ment epithelium;  and  a  middle  connective-tissue  layer,  which  unites  the  two 
principal  layers.  The  outer  layer  of  the  muscular  coat  is  composed  of  longitu- 
dinal fibres,  and  the  inner  layer  of  circular  fibres.  The  longitudinal  fibres  are 
attached  anteriorly  to  the  posterior  surface  of  the  cricoid  cartilage ;  the  circular 
ones  are  a  continuation  downward  of  the  fibres  of  the  inferior  constrictor  muscle. 
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The  oesophagus  is  about  ten  inches  in  length  and  extends  from  the  lower 
end  of  the  pharynx  to  the  stomach.  Its  position,  in  the  greater  portion  of  its 
course,  is  a  little  to  the  left  of  the  midtlle  line.  At  its  commencement  it  is  in 
the  median  line;  then  it  inclines  to  the  left  until  it  reaches  a  iH)iiit  near  the 
middle  of  its  course,  where  it  passes  to  the  middle  line  back  of  the  arch  of  the 
aorta  and  then  deviates  to  the  left  again,  goes  forward  through  the  diaphragm, 
and  enters  the  stomach  to  the  left  and  in  front  of  the  arch  of  the  aorta,  at  the 
eleventh  thoracic  vertebra. 

The  oesophagus,  at  its  beginning,  is  reiDresented  by  a  transverse  slit,  and  as 
it  descends  it  becomes  more  of  a  tube  until,  at  the  point  where  it  passes  through 
the  diaphragm,  a  transverse  section  of  it  is  nearly  round.  According  to  Mosher*  * 
the  oesophagus  has  four  constrictions.  The  most  important  one  is  at  the 
beginning  of  the  tube,  back  of  the  cricoid  cartilage.  The  next  narrowing  of 
importance  is  at  the  cardiac  end,  where  the  oesophagus  passes  through  the 
diaphragm.  The  constriction  back  of  the  arch  of  the  aorta  and  that  behind 
the  left  main  bronchus  are  of  less  importance. 

Methods  of  Exi\mination. — The  most  common  method  of  examining  the 
oesophagus  is  that  by  means  of  bougies.  In  exploring  the  tube  it  is  important 
to  remember  that  under  normal  conditions  the  oesophagus  possesses  the  four 
constrictions  mentioned  above.  It  is  also  important  to  know  the  total  length 
of  the  oesophagus  and  the  distance  of  its  most  important  portions  from  the  front 
teeth.  The  oesophagus  is  ten  inches  (about  26  cm.)  in  length.  It  begins  at  a 
point  six  inches  (15  cm.)  distant  from  the  incisor  teeth  and  passes  through  the 
diaphragm  sixteen  inches  (40  cm.)  from  the  same  teeth.  It  is  crossed  by  the 
arch  of  the  aorta  at  a  point  ten  inches  from  the  incisor  teeth. 

The  examination  with  the  bougie  should  be  conducted  very  carefully  and 
slowly,  for  in  this  way  only  is  it  possible  to  follow  the  course  of  the  oesophagus 
without  inflicting  an  injury,  especially  when  it  is  in  a  diseased  condition. 

Two  kinds  of  bougies  may  be  used  for  sounding  the  oesophagus :  the  English 
bougies  or  the  olive-tipped  bougies.  The  former  are  constructed  of  a  woven 
texture  impregnated  with  a  gunmiy  material,  and  they  can  be  softened  -or 
hardened  by  placing  them  in  warm  or  cold  water  respectively.  In  this  manner 
they  can  be  bent  into  any  desired  shape.  The  oHve-pointed  bougies  consist 
of  a  flexible,  hard-rubber  staff,  on  the  point  of  which  is  placed  an  olive-shaped 
tip  of  hard  rubber  or  ivory. 

When  a  stricture  is  present,  it  is  easier  to  determine  its  location  by  means 
of  the  olive-tipped  bougie  than  by  the  EngKsh  bougie.  Before  sounding  an 
oesophagus,  artificial  teeth  should  be  removed  and  the  patient  should  be  ex- 
amined for  aneurysm  of, the  aorta.  The  passing  of  bougies,  in  cases  of  aortic 
aneurysm,  has  been  known  to  cause  death  from  hemorrhage. 

Patients  who  are  being  examined  for  the  first  time  are  apt  to  gag,  thus 
rendering  the  examination  very  unpleasant.  This  can  be  overcome,  to  a  great 
degree,  by  first  spraying  the  pharynx  with  a  four-per-cent  solution  of  cocaine, 
the  patient  being  allowed  to  swallow  a  little  of  the  same,  and  then  waiting  five 

*  These  numbers  refer  to  the  BibHography  at  the  end  of  the  article. 
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minutes  before  passing  the  sounds.  The  bougies  are  passed  with  the  patient  in 
the  sitting  posture.  The  patient  sits  with  the  head  erect  or  bent  a  Uttle  forward, 
then  the  operator  places  the  index  finger  of  his  left  hand  on  the  base  of  the 
tongue,  pressing  downward  and  forward,  while  with  the  right  hand  he  passes 
the  bougie  along  the  posterior  wall  of  the  pharynx  to  the  beginning  of  the 
cesophagus.  The  patient  is  now  told  to  swallow  and  the  bougie  will  pass  on 
into  the  oesophagus. 

A  bougie  half  an  inch  in  diameter  should  pass  easily  through  every  portion 
of  the  oesophagus.  Its  failure  to  pass  is  a  sign  of  a  stricture.  A  bougie  three- 
fourths  of  an  inch  in  diameter  is  as  large  as  should  ever  be  used  in  dilating  a 
stricture. 

If,  in  passing  a  bougie,  one  meets  w^ith  an  obstruction,  it  is  sufficient,  under 
normal  conditions,  to  withdraw  the  instrument  a  short  distance  and  then  to 
advance  it  again,  or  the  difficulty  may  be  overcome  by  asking  the  patient  to 
swallow  or  to  bend  the  head  a  little  forward.  Examination  of  the  oesophagus 
with  bougies  frequently  takes  the  place  of  inspection  and  palpation. 

(Esophagoscopy. — (Esophagoscopy  cannot  be  considered  an  important  aid 
in  diagnosis.  Little  can  be  determined  by  this  means  that  cannot  be  deter- 
mined by  the  more  simple  methods  of  examination.  The  simplest  and  safest 
form  of  cesophagoscopy  is  that  by  means  of  a  straight  tube,  the  light  being 
thrown  into  this  either  by  a  Leiter  panelectroscope  or  by  a  Casper  electroscope. 
Numerous  devices  for  cesophagoscopy  have  been  invented  during  the  past  few 
years,  but  not  much  evidence  of  value  has  accumulated  from  their  use.  Einhorn 
is  one  of  the  few  authorities  who  place  rehance  upon  this  clinical  method  in 
diagnosis. 

Radioscopy. — Radioscopy  is  frequently  a  valuable  aid  in  the  diagnosis  of 
oesophageal  lesions,  especially  in  the  location  of  foreign  bodies.  It  may  also 
be  considered  in  connection  with  the  diagnosis  of  strictures,  dilatation,  and 
diverticula. 

A  fairly  well-defined  outline  of  the  oesophagus  can  be  obtained  by  an 
x-TSLj  photograph,  provided  a  large  quantity  of  bismuth,  mixed  with  some 
starchy  food,  is  administered  just  before  the  picture  is  taken. 

.Percussion. — Percussion  is  of  minor  importance  in  the  diagnosis  of  lesions 
of  the  cesophagus.  In  the  case  of  a  diverticulum  in  the  neck,  if  the  sac  is  filled 
with  gas,  percussion  will  give  a  tympanitic  note;  if  filled  with  food,  it  will  give 
a  dull  note.  Occasionally,  in  the  presence  of  a  tumor  of  the  oesophagus,  one 
is  able  to  determine  a  dull  area  corresponding  to  the  location  of  the  growth. 

Diseases  and  Injuries  of  the  (Esophagus. 

Malformation  of  the  (Esophagus.— The  congenital  deformities  of  the  oesoph- 
agus possess  very  little  practical  significance.  In  the  majority  of  these  cases 
the  patients  have  other  deformities  at  the  same  time,  as  a  result  of  which  they 
are  either  born  dead  or  die  a  few  days  after  birth.  Such  children  have  so  little 
vitality  that  only  in  rare  cases  would  they  be  able  to  stand  the  necessary  surgical 
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measures.  The  most  common  deformity  is  division  of  the  (Esophagus  into  two 
portions,  usually  two  blind  pouches,  which  may  or  may  not  communicate  with 
the  trachea.  The  origin  of  this  deformity  is  explained  by  the  development  of 
the  trsophagus  and  the  trachea.  The  trachea  and  lungs  are  developed  from  the 
ventral  portion  of  the  foregut.  For  some  time  there  is  a  cleft  between  the 
trachea  and  (xsophagus  before  separation  becomes  complete.  Disturbances 
of  development  during  this  period  may  produce  the  various  kinds  of  deformity. 
In  such  cases  the  children  are  unable  to  swallow  at  all,  or  else  the  food  comes 
back  through  the  nose.  They  can  live  only  a  short  time  (thirteen  days  being  the 
longest  period,  according  to  von  Hacker  -).  They  die  of  inanition  or  from  pneu- 
monia caused  by  the  entrance  of  food  from  the  upper  portion,  or  by  the  escape  of 
mucus  from  the  lower  portion,  into  the  lungs.  Gastrostomy  has  been  suggested 
for  the  relief  of  the  condition. 

Inflammatory  Processes  of  the  (Esophagus.— .4c2<Ye  Catarrhal  Infiamma- 
tion. — Acute  catarrhal  inflammation  of  the  oesophagus  may  result  from  the 
irritation  caused  by  foreign  bodies,  or  from  a  mild  scalding,  or  from  swallowing 
some  chemical  agent  of  an  irritating  nature,  but  not  strong  enough  to  cauterize. 
The  disorder  is  characterized  by  the  secretion  of  mucoid  material.  (The  more 
severe  forms  of  inflammation  are  described  farther  on,  under  the  head  of  Toxic 
CEsophagitis.) 

Chronic  Catarrhal  Inflammation. — Chronic  catarrhal  inflammation  of  the 
oesophagus  occurs  in  chronic  alcoholics,  and  also  in  cases  of  stenosis  of  the 
oesophagus  from  various  causes — as,  for  example,  from  the  accumulation  of  food 
in  the  dilated  portion  above  the  stricture.  It  is  characterized  occasionally  by 
hypersemia,  which  in  time  leads  to  ectasis  and  a  marked  thickening  of  the 
epithelium.  The  oesophagoscope  will  show  a  cloudiness  of  the  mucous  mem- 
brane, which  secretes  a  sticky  mucoid  substance.  These  cases  usually  recover 
Tvithout  any  complications  when  the  cause  of  the  inflammation  is  relieved. 

Diphtheritic  Inflammation. — Diphtheritic  inflammation  of  .  the  oesophagus 
is  not  of  frequent  occurrence.  The  diphtheritic  membrane  occasionally  extends 
from  the  pharynx  into  the  oesophagus,  and  in  rare  cases  true  diphtheritic  ulcers 
have  been  observed.  Recently  von  Eiselberg,  Erlich,  and  von  Hacker  ^  have 
observed  cicatricial  formation  following  these  diphtheritic  ulcers. 

Thrush. — Thrush  invohing  the  oesophagus  should  not  be  confused  with 
diphtheria.  It  occurs  most  often  in  children",  but  is  occasionally  seen  in  adults 
who  have  become  exhausted  from  disease.  It  usually  extends  from  the  mouth 
and  forms  a  yellowish  or  grayish  white  deposit.  The  frequent  application  of  a 
three-per-cent  solution  of  borax  will  usually  effect  a  cure  in  these  cases. 

Toxic  OEsophagitis. — Toxic  or  corrosive  oesophagitis  occurs  after  the  ingestion 
of  some  chemical  caustic  substance,  or  after  the  swallowing  of  a  scalding  fluid. 
From  a  surgical  standpoint  toxic  oesophagitis  is  the  most  important  inflammation 
of  the  cesophagus,  because  of  the  complications  which  are  apt  to  follow,  especially 
the  fomiation  of  strictures.  In  cases  where  the  injury  is  only  superficial,  the 
epithelial  layer  alone  may  be  thrown  off  and  no  complications  will  follow.  "\ATiere 
the  erosion  is  deep  enough,  however,  to  cause  a  slough  of  the  entire  thickness  of 
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the  mucosa,  with  perhaps  some  of  the  muscular  coat,  the  inflammation  may 
extend  beyond  the  oesophagus,  giving  rise  to  a  peri-oesophageal  abscess  which 
extends  into  the  mediastinum.  The  eroded  area  undergoes  cicatrization  after 
the  slough  is  thrown  off,  and,  as  a  result  of  the  contraction  of  this  scar  tissue,  a 
stricture  is  apt  to  result.  Swallowing  of  a  large  amount  of  one  of  the  concen- 
trated alkalies  or  acids  is  apt  to  end  fatally  on  account  of  the  slough  which  it 
usually  causes  in  the  stomach. 

The  author  recently  had  under  his  care  the  case  of  a  woman  who  tried  to  commit 
suicide  by  swallowing  one  ounce  of  strong  hydrochloric  acid.  She  was  remarkably 
free  from  oesophageal  symptoms,  but,  nine  days  after  the  ingestion  of  the  acid,  she 
vomited  a  large  roll  of  tissue,  which  proved  to  be  a  considerable  portion  of  the 
mucous  lining  of  the  stomach.  This  tissue  was  in  one  piece,  was  somewhat  gan- 
grenous in  appearance,  and  measured  fifty  square  inches.  The  patient  was  kept 
on  liquid  food  and  she  had  no  symptoms  referable  to  the  oesophagus,  but  she 
complained  somewhat  of  a  burning  pain  in  the  stomach.  At  the  end  of  about 
four  weeks  she  began  to  lose  in  weight  rapidly,  and  every  second  or  third  day 
would  vomit  a  large  amount  of  dark  fluid.  I  first  saw  her  twelve  weeks  after  the 
swallowing  of  the  acid.  At  this  time  she  complained  of  a  large  swelling  in  the 
abdomen,  which  conveyed  to  her  the  impression  of  being  a  large  sack  of  water.  She 
was  greatly  emaciated,  and,  on  examination,  there  was  found  a  softish  mass  which 
extended  from  the  epigastrium  to  the  symphysis  pubis.  A  distinct  splashing  sound 
could  be  elicited,  and  there  was  observed  a  peristaltic  wave  which  started  in  the 
left  inguinal  region  and  traveled  upward  to  the  region  of  the  pylorus.  A  stomach 
tube  was  inserted  without  any  difficulty,  and  a  large  quantity  (about  five  quarts) 
of  a  dark-brownish  fluid  was  withdrawn.  The  patient  was  placed  on  rectal  feeding 
and  gastric  lavage  was  carried  out  three  times  daily  for  three  days.  Then  a 
laparotomy  was  performed.  The  stomach  was  found  to  have  contracted  to  the 
level  of  the  umbilicus,  and  there  was  a  cicatricial  mass  in  the  pyloric  end  of  the 
organ  which  caused  practically  a  complete  obstruction  of  the  pylorus.  A  gastro- 
enterostomy was  performed.  The  patient  did  very  well  for  nine  days,  when  she 
died  suddenly  from  pulmonary  embolism.  Examination  of  the  oesophagus  at  the 
autopsy  showed  no  evidence  of  injury  from  the  swallowing  of  the  acid. 

Treatment. — The  treatment  of  corrosive  oesophagitis  is  principally  sympto- 
matic at  first — viz.,  rectal  feeding  and  the  administration  of  ice  and  narcotics. 
Examination  with  bougies  should  not  be  undertaken  as  long  as  there  is  any 
evidence  of  recent  ulceration.  Such  ulcerations  usually  persist  for  from  two 
to  four  weeks  according  to  the  degree  of  the  burn.  After  four  weeks  bougies 
may  be  passed  as  a  prophylactic  measure  against  the  formation  of  a  stricture. 

Phlegmon  of  the  (Esophagus. — Phlegmonous  inflammation  of  the  oesophagus 
is  of  rare  occurrence.  This  purulent  inflammation  may  occur  after  penetrating 
injuries  and  injuries  caused  by  caustics,  or  through  an  extension  from  an  abscess 
of  the  stomach,  or,  finally,  through  a  rupture  of  the  peri-cesophageal  abscess. 
The  inflammation  may  be  circumscribed  or  it  may  be  diffuse,  extending  over  a 
large  area.  An  abscess  may  form  in  such  a  manner  as  to  produce  a  bulging  of 
the  mucous  membrane  of  the  oesophagus  and  thus  cause  an  obstruction.  Such 
abscesses  usually  rupture  spontaneously  into  the  oesophagus.     The  symptoms, 
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in  these  cases,  vary.  They  consist  of  fevei',  chills,  difliculty  in  swallowing',  and 
jjain  along  the  course^  of  the  a^sophagus,  especially  behind  the  sternum.  There 
may  be  coughing  and  regurgitation  of  pus  if  an  abscess  has  already  formed. 
The  treatment  is  ordinarily  symptomatic,  but  some  authors  suggest  cesophagos- 
copy  and  incision  in  case  of  abscess  formation. 

Ulcer  of  the  (Esophagus. — Various  forms  of  ulceration  are  met  with  in  the 
crsophagus — the  gangrenous  ulcer  from  i)ressure,  the  syphilitic,  the  tuberculous, 
and  the  peptic  or  round  ulcers.  Gangrenous  ulcers  may  be  caused  by  pressure 
exerted  either  from  within  or  from  without.  Goitre  or  some  other  tumor  may 
make  pressure  upon  the  cricoid  or  one  of  the  tracheal  rings,  and  this  pressure, 
being  transferred  to  the  a>sophagus,  may  eventually  cause  a  necrosis  of  one  or 
both  of  the  walls.  Aneurysm  of  the  aorta  may  act  in  the  same  manner;  and  so 
also  may  foreign  bodies  lodged  within  the  a^sophageal  tube. 

Syphilitic  ulcers  may  occur  in  the  oesophagus,  but  they  are  very  rare.  They 
usually  are  situated  in  the  upper  portion  of  this  tube.  The  lesion  is  ordinarily 
a  gumma,  and  it  frequently  results  in  scar  formation  causing  constriction.  In 
many  cases  the  diagnosis  is  made  by  noticing  the  effect  of  antisyphilitic  treat- 
ment. 

The  occurrence  of  a  tuberculous  ulcer  has  recently  been  positively  determined, 
but  such  ulcers  are  very  rare. 

Peptic  or  round  ulcers,  analogous  to  those  found  in  the  stomach,  occasionally 
are  found  in  the  oesophagus.  They  are  frequently  associated  with  ulcers  of  the 
stomach  and  are  situated  in  the  low^er  portion  of  the  oesophagus.  They  may  or 
may  not  cause  symptoms,  but  when  such  symptoms  are  present  they  are  those 
of  gastric  ulcer. 

New-Growths  of  the  (Esophagus. — Carcinoma. — Carcinoma  is  the  most 
frequent  of  the  new-growi;hs  of  the  oesophagus ;  in  fact,  it  is  the  most  common 
disease  met  with  in  the  oesophagus.  It  may  occur  either  as  a  primary  or  as  a 
secondary  growth.  When  secondary,  it  usually  occurs  by  direct  extension  from 
some  neighboring  organ.  It  may  also  occur  through  inoculation  from  the 
secretion  of  a  carcinomatous  ulcer  higher  up  in  the  gastro-intestinal  tract. 

Carcinoma  of  the  oesophagus  is  most  common  in  the  male,  and,  as  is  true 
of  other  carcinomas,  it  is  usually  a  disease  of  advanced  life.  ■  The  gro^i^h  itself 
is  usually  situated  at  one  of  the  normal  constrictions  of  the  oesophagus — as,  for 
example,  opposite  the  cricoid  cartilage,  at  the  bifurcation  of  the  trachea,  and  at 
the  hiatus  of  the  oesophagus.  This  fact  rather  favors  the  view  that  there  may 
be  some  connection  between  repeated  irritations  and  the  development  of  car- 
cinoma, as  these  portions  of  the  canal  are  more  constantly  subjected  to  irritation 
than  is  the  rest  of  the  oesophagus.  Strictures  also  are  most  common  at  these 
points.  So  it  is  possible  that  carcinoma  develops  in  a  cicatrical  stricture  or  in 
some  other  scar. 

It  is  estimated  that  about  fifty  per  cent  of  the  cases  of  oesophageal  carcinoma 
occur  at  the  cardia  or  just  above  where  the  oesophagus  passes  through  the 
diaphragm ;  about  forty  per  cent  are  found  near  the  bifurcation  of  the  trachea ; 
and  less  than  ten  per  cent  are  located  in  the  cervical  portion  of  the  oesophagus. 
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Symptoms. — The  most  im})ortaiit  and  usually  the  earliest  symptom  of 
carcinoma  of  the  oesophagus  is  dysphagia.  The  manifestations  are  those  of  a 
slowly  advancing  stenosis.  The  patient,  when  he  first  consults  a  physician, 
usually  gives  a  history  of  having  been  in  good  health  until  within  a  few  months, 
at  which  time  he  began  to  have  some  difficulty  in  swallowing  meat  or  other  coarse 
food.  This  condition  gradually  becomes  worse;  the  patient  has  difficulty  in 
swallowing  the  soft  foods,  and  finally  he  confines  himself  to  Hquid  food.  By 
the  time  the  patient  consults  the  surgeon,  it  will  usually  be  found  that  he  has 
been  living  on  liquids  for  a  considerable  time  on  account  of  the  difficulty  of 
swallowing  solids.  Hand-in-hand  with  the  difficulty  of  swallowing,  there  are 
usually  a  sense  of  weakness  and  a  progressive  loss  of  weight. 

Considerable  improvement  may  be  noted  upon  the  administration  of  non- 
irritating  liquid  foods.  Thus,  a  gain  of  several  pounds  may  follow  the  adminis- 
tration of  an  abundance  of  milk,  cream,  and  raw  eggs,  but  it  lasts  only  for  a 
short  time.  There  is  seldom  any  vomiting,  but  usually  a,  regurgitation  of  food 
and  large  quantities  of  mucus.  This  regurgitation  may  take  place  very  quietly 
and  is  entirely  different  from  vomiting.  In  the  later  stages  the  accumulation 
of  thick  tenacious  mucus  above  the  stenosis  may  cause  gagging  and  retching 
which  are  very  annoying  to  the  patient. 

It  is  not  uncommon  for  the  patient  to  have,  rather  early  in  the  disease,  some 
degree  of  hoarseness,  which  gradually  becomes  more  pronounced  on  account  of 
the  further  involvement  of  the  recurrent  laryngeal  nerve.  Seeling  ^  reports  a 
case  of  carcinoma  of  the  oesophagus  in  which  the  hoarseness  was  the  earliest 
symptom,  preceding  the  dysphagia  by  a  few  months.  This  hoarseness  did  not 
follow  a  cold  or  an}^  disturbance  of  the  respiratory  tract. 

As  a  rule,  there  is  more  or  less  pain  associated  with  carcinoma  of  the  oesopha- 
gus. The  pain  is  described  as  a  sense  of  burning  or  pressure  in  the  throat  or 
chest,  especially  during  sw^allowing.  Occasionally  the  pain  precedes  the  dyspha- 
gia. It  is  frequently  perceived  in  the  back,  radiating  to  the  shoulders  and  the 
back  of  the  neck.  The  loss  of  weight  and  strength  in  these  cases  is  at  first  due 
to  the  dysphagia,  and  later  it  results  also  from  the  malignant  pathological 
process.  In  advanced  cases  it  is  not  uncommon  to  have  a  contracted  pupil  on 
one  side.  According  to  Hitzig  this  is  found  in  about  one-sixth  of  the  cases. 
The  left  pupil  is  the  one  most  frequently  involved.  This  symptom  is  due  to 
the  pressure  upon  the  sympathetic  nerve. 

AVhile  an  involvement  of  the  recurrent  nerves  may  occasionally  be  found  as 
an  early  symptom,  it  most  often  means  that  the  disease  has  made  considerable 
progress.  The  pressure  may  be  due  to  the  gro^vth  itself,  but  is  probably  most 
often  due  to  an  involvement  of  the  lymph  nodes.  Besides  hoarseness,  this 
pressure  may  cause  attacks  of  dyspnoea. 

If  the  disease  advances  toward  the  spinal  column,  the  patient  may  develop 
a  paraplegia,  either  from  compression  or  from  destruction  of  the  spinal  cord. 
If  this  happens  before  the  signs  of  obstruction  of  the  oesophagus  are  marked, 
the  case  may  simulate  one  of  caries  of  the  spine. 

Diagnosis. — By  taking  a  careful  histor}^  of  the  case  one  can  usually  obtain 
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many  important  diagnostic  points.  In  a  patient  with  slowly  progressing 
crsophageal  stenosis,  for  the  production  of  which  no  traumatic,  specific,  or  other 
etiological  factor  can  be  found,  it  is  proper  to  assume  that  the  obstruction  is 
more  apt  to  be  due  to  a  new-growth  than  to  a  cicatricial  lesion.  And  if,  in 
addition,  the  patient  be  past  forty  years  of  age  and  of  tlie  male  sex,  and  if,  besides 
the  above-mentioned  symi^toms,  there  be  emaciation  and  cachexia,  the  diagnosis 
of  carcinoma  becomes  fairly  certain. 

On  palpation  a  tumor  or  induration  is  occasionally  felt  in  the  neck.  This 
may  be  the  prmiary  growth,  but  most  often  it  represents  one  or  more  lymph 
nodes  which  have  become  affected  by  metastasis.  Examination  with  bougies 
may  further  aid  in  the  diagnosis  by  determining  the  existence  of  an  obstruction 
and  the  exact  spot  at  which  it  is  located.  This  examination  may  prove  negative, 
even  though  a  carcinoma  be  present.  The  growth  may  be  so  small  that  the 
bougie  may  glide  past  it  without  encountering  a  definite  resistance.  A  negative 
examination  may  also  be  due  to  the  fact  that  necrosis  has  taken  place,  or  to  the 
fact  that  the  portion  of  the  tumor  which  projects  into  the  lumen  of  the  oesopha- 
gus is  growing  only  in  the  long  axis  of  the  tube,  so  that  it  causes  no  obstruction. 
After  ulceration  has  taken  place,  additional  information  nia}^  often  be  obtained 
by  passing  a  stomach  tube  or  a  hollow  bougie;  for  particles  of  tissue  are  apt  to 
be  caught  in  the  fenestra  of  the  tube,  and  an  examination  of  these  particles 
may  enable  one  to  make  a  positive  diagnosis. 

It  is  often  difficult  to  differentiate  between  carcinoma  of  the  oesophagus  and 
aneurysm  of  the  aorta.  Kucken*  reports  two  cases  of  carcinoma  of  the  oesoph- 
agus in  which  the  diagnosis  of  aneurysm  of  the  aorta  was  made  and  in  which 
the  correct  diagnosis  was  not  even  suspected  until  it  was  revealed  by  autopsy. 
If  one  bears  in  mind  the  arrangement  of  the  lymph  nodes  of  the  mediastinum, 
he  wdll  readily  perceive  how  two  conditions  so  diverse  as  an  aneurysm  of  the 
aorta  and  carcinoma  of  the  oesophagus  may  cause  almost  identical  symptoms. 
The  lymph  nodes  are  in  actual  contact  with  the  oesophagus,  so  that  in  many 
cases  secondary  involvement  of  these  structures  occurs  very  early,  often  in  the 
beginning  of  a  carcinoma  of  the  oesophagus.  This  being  the  case,  we  have  in 
the  mediastinum  a  tumor  which  msij  cause  the  ordinary  signs  and  symptoms 
that  are  produced  by  an  aneurysm  in  the  same  location.  The  lymph  nodes 
may  enlarge  so  much  more  rapidly  than  the  primary  tumor,  that  there  may  be 
symptoms  of  intrathoracic  pressure  before  there  are  an}^  signs  of  obstruction  of 
the  oesophagus.  In  such  a  case  as  this,  the  symptoms  would  naturally  be  the 
same  in  both  conditions,  for  these  symptoms  are  due  to  pressure  on  the  same 
structures. 

Dyspnoea,  which  is  a  fairly  constant  sign  in  cases  of  aneurysm  of  the  aorta, 
is  at  the  same  time  almost  as  constant  a  sign  in  carcinoma  of  the  oesophagus. 
In  both  the  aneurysm  and  the  mediastinal  metastasis  resulting  from  an  oesopha- 
geal cancer,  the  dj'spnoea  is  due  to  pressure  on  the  bronchi  or  the  trachea. 

Involvement  of  the  recurrent  laryngeal  nerve  is  usually  considered  to  be  a 
confirmatory  sign  of  aortic  aneurysm,  but  the  facts  will  not  warrant  such  a 
conclusion.     For  example,  Schech  ^  collected  forty-two  cases  of  paralysis  of  the 
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recurrent  laryno-eal  iK^'ve,  and  in  this  series  he  found  hve  cases  which  were  due 
to  aneurysm  of  the  aorta,  four  cases  to  carcinoma  of  the  oesophagus,  and  three 
cases  to  metUastinal  and  puhnonary  tumors.  Thus  we  se(^  how  Httle  aid  the 
symptom  of  recurivnt  paralysis  affords  in  differentiating  between  aneurysm 
of  the  aorta  and  carcinoma  of  the  oesophagus. 

Dysphagia  very  naturally  causes  one  to  think  that  he  is  dealing  with  a 
growi;h  of  the  oesophagus.  Lebert,^  however,  states  that,  in  one-third  of  all 
cases  of  aneurysm  of  the  aorta,  the  oesophagus  is  compressed  sufficiently  to 
cause  dysphagia.  Even  though  the  aneurysm  does  not  press  directly  on  the 
oesophagus,  it  can  cause  dysphagia  by  pressure  on  the  vagus  or  its  oesophageal 
branches. 

Even  the  presence  of  cachexia  does  not  add  very  strong  evidence  in  favor  of 
carcinoma,  for  a  large  proportion  of  all  patients  suffering  from  aneurysm  of  the 
aorta  show  a  well-pronounced  secondary  anaemia  due  to  a  complicating  nephritis 
or  endarteritis. 

Thus  we  see  that  it  is  often  difficult  .to  differentiate  between  carcinoma  of 
the  oesophagus  and  aneurysm  of  the  aorta,  when  the  growth  is  situated  in  the 
thoracic  portion  of  the  oesophagus,  especially  if  there  is  an  early  involvement  of 
the  mediastinal  Ijmiph  nodes. 

Prognosis. — The  prognosis  of  carcinoma  of  the  oesophagus  is  always  un- 
favorable. So  far  as  is  known,  no  permanent,  cures  have  been  obtained  even 
after  resection.  The  average  duration  of  the  disease  is  from  six  months  to  two 
years.  As  a  rule,  the  majority  of  the  cases  succumb  one  year  after  the  first 
manifestations  of  the  disease. 

Death  usually  takes  place  slowly  from  inanition  and  carcinomatous  cachexia, 
or  there  may  be  the  typical  picture  of  pyaemia.  AMiere  the  wall  is  perforated 
and  a  rupture  takes  place  into  one  of  the  air  passages,  death  occurs  as  a  result  of 
pneumonia  or  of  gangrene  of  the  lung.  Occasionally  these  cases  meet  with  a 
rapid  or  a  sudden  death  from  erosion  and  rupture  into  the  large  blood-vessels. 

Treatment. — The  treatment  comprises  the  following  non-operative  pro- 
cedures: dilatation  with  bougies  and  dilatation  by  permanent  tubage.  The 
operative  methods  are:  resection  of  the  oesophagus,  oesophagostoni}',  and 
gastrostomy. 

Dilatation  with  bougies  is  quite  widely  employed,  especially  by  the  general 
practitioners.  This  is  usually  successful  for  a  time,  as  the  soft  carcinomatous 
tissue  yields  readily.  This  form  of  treatment  is  often  unavoidable,  as  the 
patient  will  not  consent  to  the  employment  of  any  operative  procedure.  It 
should  be  borne  in  mind  that  the  bougies  cause  mechanical  irritation  and  that 
the  growth  may  be  excited  by  their  use.  Great  care  should  be  exercised  in  the 
use  of  the  bougies  on  account  of  the  danger  of  perforating  into  a  neighboring 
organ  during  the  procedure.  The  conical-shaped  English  bougies  are  the  best 
for  this  purpose,  as  they  are  soft  and  pliable.  They  are  introduced  as  described 
in  a  preceding  part  of  the  article.  Occasionally  the  carcinomatous  stricture  is 
so  small  that  it  will  be  impossible  to  pass  the  bougie  through  it.  If  such  be  the 
case,  there  should  first  be  passed  a  filiform  bougie  to  the  end  of  which  is  attached 
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a  conical  stool  spiral  bougie  such  as  is  shown  in  I'ig.  l(i<).  When  this  is  with- 
drawn, a  sniall-sizod  I*]n<2;lish  l)()U,uio  is  cmployod,  and  then  aftci-wurd  hougios  of 
a  larji,(>r  sizo  aiv  j^assod.     Some  toinporar}-  roliof  is  alTordod  in  this  manner. 

Pornianont  dilatation  by  introducing  a  hard-rubbor  tube  into  tho  sti'icturo 
is  seldom  used.     Unpleasant  accidents  may  occur,  such  as  l)i-eaking  oi-  swallowing 


Fig.  169.— CEsophageal  Bougies.  A,  Graduated  flexible  bougie,  hollow  and  made  of  spiral  steel; 
B,  lead  rod  to  be  placed  in  lumen  of  A,  enabling  the  operator  to  give  the  bougie  definite  curves;  C, 
short,  D,  long  filiform  bougie  to  be  screwed  into  the  distal  end  of  -4.. 

the  string;  and,  besides,  the  constant  presence  of  the  string  in  the  mouth  is  very 
annoying  to  the  patient. 

Resection  of  the  ffisophagus. 

The  majority  of  cases  of  carcinoma  of  the  oesophagus  are  not  accessible  to 
radical  treatment.  The  author  has  had  no  personal  experience  in  resection  of 
the  oesophagus  for  carcinoma.  In  the  few  cases  recorded  in  the  literature  on 
the  subject,  the  immediate  mortality  is  high  and  the  relief  in  the  other  cases  was 
only  transitory. 

It  is  quite  probable  that  with  the  further  development  of  Sauerbruch's 

VOL.  VII. — 27 


418 


AMERICAN  PRACTICE   OF  SURGERY. 


method  of  oporatino;  within  a  pneumatic  cabinet,  under  negative  pressure,  a 
satisfactor}^  operation  for  resection  of  the  oesophagus  in  cases  of  carcinoma  may 
be  made  possible.  In  1903  Professor  von  Milvuhcz  appointed  Sauerbruch  to 
investigate  the  question  as  to  how  the  occurrence  of  a  pneumothorax  in  intra- 
thoracic surgery  might  best  be  prevented,  the  main  point  to  be  considered  being 
the  finding  of  a  practical  method  of  carrying  out  transi)leural  resection  of  the 
oesophagus  for  carcinoma — a  procedure  which,  up  to  the  date  named,  had  been 
followed  by  disastrous  results  in  experiments  both  upon  animals  and  upon  the 
human  subject. 

Sauerbruch, 2*^  taking  as  a  basis  the  known  fact  that  the  difference  between 


Fig.  170. — Sauerbruch's  Pneumatic  Cabinet,     a,  Opening  of  the  pipe  that  connects  with  the  suc- 
tion pump;    b,  valve  to  let  in  air  and  regulate  the  negative  air  pressure. 

the  intrabronchial  pressure  and  the  pressure  at  the  surface  of  the  pleura  is  about 
7  or  8  mm.  Hg,  conceived  the  idea  that  if  this  normal  relationship  of  pressure 
could  be  maintained  while  the  thorax  was  open,  a  pneumothorax  would  not 
occur.  With  the  object  of  testing  this  belief  he  constructed  his  pneumatic 
cabinet.  (Fig.  170.)  This  cabinet  has  the  shape  of  a  cube.  It  is  large  enough 
to  accommodate  the  operator  and  two  assistants,  and  it  contains  an  operating 
table  and  two  small  hinged  tables  for  instruments  and  dressings.  The  floor,  the 
ceiling,  and  the  four  walls,  up  to  a  height  of  about  one  metre,  consist  of  iron ;  the 
rest  of  the  walls  are  constructed  of  strong  glass.  The  whole  cabinet  is  made 
absolutely  air-tight,  the  door  being  held  tightly  closed  by  means  of  an  iron  bar 
which  presses  it  against  a  thick  rubber  encasement.  In  the  end  opposite  the 
door,  on  a  level  with  the  top  of  the  operating  table,  there  is  a  circular  opening 
which  is  closed  by  a  rubber  septum.  The  rubber  has  a  circular  opening  through 
which   the  head  of  the  patient   can    be   forced  without   difficulty,  whereupon 
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the  septum  spontaneously  closes  around  the  neck  like  a  cuff.  On  tlie  other 
side  of  the  chamber,  near  the  top,  is  an  opening  with  which  is  connected  a 
suction  pumj).  Next  to  this  ther(>  is  a  valve  which  permits  the  renewal  of  air 
within  and  regulates  tlie  rarefaction  of  the  air  with  respect  to  the  air-pressure. 
This  can  be  regulated  from  within  the  chamber.  It  has  been  j)roven  that  a 
negative  pressure  of  10  milhmetr(>s  is  sufficient  to  guarantee  the  expansion  of 
the  lung. 

The  j')repaiation  for  an  o])ei'ation  within  the  chamber  is  as  follows:— All 
instruments  and  stip])lies  are  prepared  and  placed  in  the  cabinet.  The  i)atient, 
]iartially  anaesthetized,  is  bi'ought  into  the  chamber  and  placed  ujjon  the  table; 
the  head,  forced  through  the  rubber  cuff,  rests  outside  upon  a  small  table  beside 
which  the  ana-sthetist  has  his  seat.  The  operator  and  assistants  take  their 
places,  the  dooi'  of  the  cabinet  is  then  closed,  and  the  apparatus  is  set  in  motion. 
As  soon  as  the  manometer  shows  an  air-pn^ssure  of  minus  10  to  15  millimetres 
the  op(M-ation  begins.  The  operator  does  not  experience  any  special  difficulty 
in  breathing.  Sauerbruch  calculated  that  in  the  cabinet,  with  a  negative  pressure 
of  10  millimetres  of  mercury,  one  lives  under  the  same  atmospheric  pressure 
as  on  a  mountain  having  a  height  of  300  metres  (about  one  thousand  feet). 

CEsophagostomy. 

(Esophagostomy  is  occasionally  performed  and  the  patient  fed  through  the 
fistulous  opening  thus  estabhshed.  This  operation  is  aj^plicable  only  in  cases 
of  carcinoma  situated  high  up  in  the  cervical  portion,  at  which  point  the  opening 
can  be  made  below  the  stricture.  It  is  doubtful  whether  feeding  through  an 
cvsophageal  fistula  is  less  annoying  to  the  patient  than  through  a  gastrostomy 
opening.  At  all  events,  the  latter  procedure  is  much  easier  for  the  [patient  to 
carry  out  himself.  As  a  rule,  a  gastrostomy  is  preferable  to  an  (rsophagostomy 
as  a  method  of  providing  these  patients  with  the  means  of  obtaining  nourishment. 

The  technique  of  the  operation  is  described  under  the  heading  of  Foreign 
Bodies  in  the  (Esophagus.     (Page  422  et  seq.) 

Gastrostomy. 

Gastrostomy  is  indicated  where  the  patient  cannot  take  enough  food  by  the 
mouth,  as  is  shown  by  rapid  emaciation.  The  earlier  the  operation  is  performed 
the  more  satisfactory  will  be  the  result.  If  a  positive  diagnosis  of  carcinoma  is 
made,  a  gastrostomy  should  be  performed  even  though  the  patient  can  still 
swallow  liquids.  The  operation,  of  course,  cannot  stop  the  progress  of  the 
disease,  but  it  may  inhibit  the  ichorous  decomposition  which  is  caused  by  food 
remaining  in  the  ulcerated  area.  As  a  result  of  the  operation  the  carcinoma 
may  grow  less  rapidly,  because  the  continuous  irritation  from  the  passage  of 
food  has  thereby  been  relieved.  Oftentimes  both  jihysicians  and  surgeons  decide 
upon  an  operation  too  late.  This  accounts  for  the  fact  that  the  mortality  is 
rather  high  in  this  operation.  If  gastrostomy  is  perfomied  at  the  proper  tini(>, 
the  life  of  the  patient  may  be  prolonged  for  several  months  or  even  for  a  longer 
l)eriod  than  one  year. 
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If  the  obstruction  is  complete  the  operation  should  he  performed  at  once 
after  an  evacuation  of  the  bowels  has  been  secured  by  means  of  a  large  enema. 
On  the  other  hand,  if  there  is  still  a  narrow  channel  through  the  obstruction,  it 
is  well  to  administer  some  saline  mineral  water  every  morning  for  several  days, 
in  order  to  secure  a  free  evacuation  of  the  bowels,  because  one  frecjuently  finds, 
in  these  cases,  large  accumulations  in  the  colon,  the  result  of  prolonged  con- 
stipation. The  removal  of  these  accumulations  is  very  desirable,  as  the  patient 
will  bear  the  operation  much  better  if  there  is  no  decomposing  material  in  any 
part  of  the  intestinal  canal. 

If  the  patient  is  very  weak  it  is  often  possible  to  increase  his  strength  con- 
siderably by  giving  him  the  various  concentrated  and  predigested  foods  in 
considerable  quantities  at  regular  intervals  of  two  or  three  hours  for  a  few  days. 
Ordinarily,  however,  these  patients  bear  the  operation  well  if  it  is  performed 
rapidly  and  with  a  minimum  amount  of  traumatism.  It  is  therefore  only 
necessary  to  give  the  above  preparatory  treatment  to  patients  who  have  had 
little  or  no  care  previous  to  their  admission  to  the  hospital. 

The  field  of  operation  is  prepared  as  in  every  abdominal  operation. 

(For  further  details  regarding  the  operation  of  gastrostomy  the  reader  is 
referred  to  what  has  already  been  said  upon  this  subject  in  the  first  part  of  this 
article.     See  page  398  et  seq.) 

Cysts,  Papillomata,  Myomata,  and  Sarcomata  of  the  (Esophagus. — Many  of 
the  growths  occurring  in  the  oesophagus,  such  as  warts,  cysts,  papillomata, 
fibromata,  and  lipomata,  possess  only  a  pathological  interest,  as  they  rarely 
cause  disturbance. 

Klebs  has  pointed  out  the  analogy  between  diseases  of  the  oesophagus  and 
those  of  the  skin.  Thus,  in  the  oesophagus  are  found  warts  w^hich  are  usually 
small  and  which  spread  over  different  portions  of  the  tube.  It  would  seem 
probable  that  these  w^arts  might  develop  into  carcinoma,  as  happens  in  the  case 
of  warts  of  the  skin,  but,  up  to  the  present  time,  such  a  transformation  has 
never  been  demonstrated. 

Retention  cysts  of  the  mucous  glands  have  also  been  described.  On  account 
of  their  small  size  they  usually  do  not  cause  any  symptoms. 

Fibromata  and  hpomata  also  occur,  but  they  are  very  rare.  They  are  usually 
autopsy  findings,  as  they  run  their  course  without  producing  symptoms. 

Sarcomata  of  the  oesophagus  are  rather  rare,  and  the  symptoms  and  course 
of  the  disease  are  similar  to  those  of  carcinoma.  A  positive  diagnosis  can  be 
made  only  by  securing  a  portion  of  the  tissue  for  microscopical  examination. 
The  treatment  is  the  same  as  that  described  for  carcinoma. 

Polypi  or  pedunculated  tumors  of  the  oesophagus  are  rather  rare.  They  are 
usually  attached  in  the  upper  end  of  the  oesophagus,  in  the  region  of  the  cricoid 
cartilage.  If  they  are  small,  they  cause  no  symptoms ;  the  larger  ones  may  cause 
difficulty  in  swallowing,  and  occasionally  the  distal  end  of  the  polypus  is  thrown 
upward  into  the  throat  causing  choking  and  difficulty  in  breathing. 

Cubbins  ^  has  reported  a  case  of  oesophageal  polyp  which  was  removed  by 
operation.     The  patient   was  forty-five  years  of  age   and  had  previously  been 
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healthy.  During-  the  adniiiiistration  of  an  aniL'sthctic  fur  the  reduction  of  a 
disloeateil  shoulder-joint,  the  })atient  vomited,  and  during  this  act  a  pedunculated 
tumor  was  extruded  from  th(^  mouth.  The  tumor  was  grasped  and  measured  and 
found  to  protrude  four  inches  from  the  moutii.  The  patient's  wife  would  not 
consent  to  the  removal  of  the  tumoi-;  so  it  was  return(>d  into  the  mouth  and  the 
patient  swallowed  it.  Later,  he  was  amesthetized  again,  and  several  attempts 
were  made  to  remove  the  polyp  by  introilueing  forceps  down  through  the  oesopha- 
gus, but  these  efforts  were  unsuccessful.  Shortly  afterward,  the  patient  began  to 
develop  symptoms  of  obstruction  and  at  the  end  of  three  months  the  obstruction 
was  so  marked  that  he  was  unable  to  swallow  anything  but  liquids.  He  was  now 
prepared  for  an  operation  on  the  neck,  and  attempts  were  made  to  nauseate  him, 
so  that  he  would  throw  up  the  tumor.  His  stomach  was  filled  with  water  and 
some  apomorphine  given,  but  no  fluids  Avould  come  up.  He  was  then  anaesthetized, 
but  all  attempts  made  to  draw  the  tumor  from  the  oesophagus  failed.  A  lateral 
cesophagotomy  was  performed,  and  the  tumor  was  found  situated  on  the  anterior 
portion  of  the  oesophagus,  with  the  pedicle  a  little  to  the  left  of  the  median  line, 
just  above  the  cricoid  cartilage,  and  extending  down  the  oesophagus  a  distance 
of  about  seven  inches.  It  was  ligated  and  removed  and  the  wound  closed  with 
packing.  The  tumor  measured  16  cm.  in  length  and  5  cm.  in  diameter;  its  pedicle 
measured  1  cm.     It  weighed  210  grams. 

Injuries  of  the  (Esophagus. — Trauma  from  an  Internal  Source. — The  injuries 
of  the  oesophagus  which  are  produced  by  \aolence  from  within  are :  those  result- 
ing from  swallowing  the  various  corrosive  drugs,  those  inflicted  by  foreign  bodies 
that  have  been  swallowed,  and  the  injuries  caused  by  passing  bougies,  coin- 
catchers,  and  other  instruments.  Injuries  from  the  passing  of  instruments  are 
particularly  liable  to  occur  in  the  presence  of  pathological  changes  such  as 
carcinoma,  ulcer,  stricture,  etc.  Perforation  of  the  oesophagus  is  a  serious 
condition,  as  it  may  result  in  a  fatal  mediastinitis  or  pleuritis. 

External  Injuries  of  the  (Esophagus. — The  oesophagus,  being  so  deeply  situ- 
ated, is  very  rarely  injured  by  violence  from  without.  AVounds  of  the  cervical 
portion  are  the  most  common,  and  they  usually  occur  as  a  result  of  at- 
tempted suicide.  These  wounds,  as  a  rule,  are  situated  high  up  on  the  neck  in 
the  region  of  the  larynx  or  hyoid  bone,  and  consequently  the  wound  of  the 
alimentary  canal  is  either  high  up  in  the  a?sophagus  or  in  the  pharynx.  In  these 
eases  the  respiratory  passages  are  practically  always  injured  at  the  same  time. 
The  characteristic  sign  of  injury  of  the  oesophagus  is  the  escape  of  food 
through  the  external  wound,  although  this  may  be  absent  even  in  gunshot 
or  stab  wounds  if  the  edges  of  the  wound  are  in  close  apposition. 

Injury  of  the  oesophagus  alone  in  the  thoracic  portion  of  its  course  is  extremely 
rare.  Such  an  injury  may  result  from  a  dagger,  a  bayonet,  or  a  bullet.  Injuries 
of  adjacent  organs,  such  as  the  heart,  the  limgs,  the  large  vessels,  etc.,  which  are 
usually  fatal  in  themselves  on  account  of  their  anatomical  position,  are  apt  to 
occur  at  the  same  time.  The  danger  from  injuiy  to  the  oesophagus  is  in  itself 
very  serious,  as  food  is  likely  to  escape  into  the  surrounding  tissues  and  to  cause 
an  ichorous  abscess,  a  mediastinitis,  or  a  pleuritis. 

Treatment. — When  the  injury  is  in  the  cer\'ical  portion,  the  first  things  to 
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be  done  are  to  control  the  hemorrhage  and  to  prevent  asphyxia.  It  is  frequently 
necessary  to  perform  a  tracheotomy.  If  the  condition  is  such  as  to  wan-ant  an 
operation  an  attempt  should  be  made  to  suture  the  oesophagus,  and  also  the 
trachea  if  that  has  been  severed.  The  best  method  to  adopt  is  that  employed 
in  suturing  the  intestines;  the  mucous  membrane  being  sutured  first  and  then 
the  muscular  coat  over  this. 

In  case  the  injury  is  in  the  thoracic  portion,  the  treatment  is  practically 
hopeless.  It  is  usually  limited  to  feeding  the  patient  per  rectum  or  through  a 
stomach  tube,  if  this  can  be  passed  down  beyond  the  injured  portion.  If  the 
patient  is  in  a  condition  to  stand  an  operation,  a  gastrostomy  will  afford  the  best 
means  of  feeding  him. 

Foreign  Bodies  in  the  (Esophagus. — The  lodging  of  foreign  bodies  in  the 
oesophagus  is  not  an  uncommon  occurrence  and  is  classed  as  one  of  the  emergen- 
cies in  the  practice  of  surgery;  it  frequently  requires  prompt  action  on  the  part 
of  the  surgeon.  The  accident  is  most  often  seen  in  the  very  young  and  the 
insane.  The  foreign  bodies  most  often  found  are:  coins,  buttons,  pins,  keys, 
glass  beads,  bones,  and  various  kinds  of  small  toys.  Foreign  bodies  such  as 
fish  bones,  fruit  stones,  and  pieces  of  glass  and  enamel,  are  frequently  found  in 
food.  In  adults  the  foreign  body  most  frequently  found  in  the  oesophagus  is 
a  poorly  fitted  set  of  artificial  teeth  which  have  not  been  removed  at  night  or 
which  have  been  swallowed  during  an  attack  of  syncope  or  convulsions. 

Hugh  M.  Rigby  ^  reports  the  case  of  a  child  who  swallowed  a  toy  bicycle 
which  became  lodged  in  the  oesophagus  at  a  point  seven  inches  distant  from  the 
teeth. 

From  what  has  been  said  it  will  be  seen  how  great  is  the  variety  of  foreign 
bodies  which  may  call  for  consideration.  The  situation  at  which  a  foreign  body 
may  become  lodged  depends  considerably  upon  the  nature  and  size  of  the  object. 
In  the  case  of  small  pointed  bodies,  which  penetrate  the  mucous  membrane 
easily,  they  may  lodge  at  any  point  in  the  course  of  the  oesophagus.  Very  large 
bodies  cannot,  as  a  rule,  pass  the  isthmus  and  remain  lodged  in  the  pharynx. 
Small  sharp-pointed  bodies,  like  fish-bones  and  wooden  splinters,  which  project 
from  a  morsel  of  food,  are  apt  to  be  driven  into  the  wall  of  the  pharynx  during 
the  first  act  of  swallowing.  Large  bodies  which  pass  the  isthmus  are  apt  to 
become  impacted  at  the  upper  border  of  the  cricoid  cartilage,  or  where  the 
oesophagus  is  crossed  by  the  left  bronchus,  or  where  the  oesophagus  passes 
through  the  diaphragm. 

Symptoms. — The  symptoms  vary  according  to  the  situation  of  the  foreign 
body  and  according  to  its  size  and  shape  and  the  amount  of  obstruction  present ; 
they  also  vary  in  accordance  with  the  amount  of  pressure  exerted  upon  other 
organs,  such  as  the  trachea  or  the  larynx.  Nausea,  a  sense  of  obstruction  and 
pain  on  attempting  to  swallow,  and  occasionally  a  reflex  cough  are  usually 
present.  If  the  body  is  large  and  remains  in  the  pharynx,  it  may  press  upon 
the  opening  in  the  larynx  and  cause  choking,  accompanied  by  cyanosis,  etc. 

If  the  obstruction  is  complete,  all  food  will  be  regurgitated.     When  the 
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obstruction  is  liioii  up  in  the  oesophagus  the  regurgitation  will  take  j^Iacc  im- 
nunliately  on  attempting  to  swallow;  if  it  is  low  down  a  little  time  may  intervene 
before  the  food  is  regurgitated. 

In  cases  in  which  tlu>  foivign  body  has  sharj:)  edges  which  cause  injury,  the 
patient  complains  of  a  stabbing  pain  at  a  definite  point  on  at  tempting  to  swallow. 
This  point,  when  the  foreign  body  is  situated  high  up,  is  likel}-  to  correspond  to 
the  location  of  the  obstruction.  When  the  impaction  is  lower  down,  the  i)ain  is 
usually  referr(Hl  to  the  region  of  the  sternum,  though  the  obstruction  may  be  at 
a  lower  level. 

Diagnosis.— Occasionally  a  positive  diagnosis  cjf  an  impacted  foreign  bodv 
can  be  made  simply  from  the  history  of  the  case  and  the  symptoms.  On  account 
of  the  serious  complications  which  may  arise  from  a  foreign  body  remaining  in 
the  oesophagus  a  long  time,  an  attempt  should  be  made,  even  in  doubtful  cases, 
to  determine  the  presence  or  absence  of  a  foreign  body. 

The  pharynx  should  be  inspected  by  means  of  a  mirror  and  palpation  should 
be  made  with  the  finger.  External  j^alj^ation  shoukl  also  be  made,  as  large 
bodies  in  the  cer\dcal  portion  of  the  (rsophagus  can  often  be  felt,  or  there  may  be 
a  point  of  tenderness  corresponding  to  the  location  of  the  foreign  body. 

In  most  cases  a  foreign  body  can  be  detected  by  passing  a  bougie,  and  its 
precise  situation  may  also  be  determined  in  this  manner.  The  best  bougie  to 
employ  for  this  purpose  is  a  whalebone  staff  with  a  cylindrical  tip  of  ivor}-  or 
metal.  When  a  foreign  bodj^  is  touched  with  such  an  instrument,  a  clicking  or 
rubbing  sound  can  be  heard  or  at  least  felt. 

Examination  with  the  a:-ray,  either  by  means  of  the  fiuoroscope  or  by  the 
aid  of  an  x-ray  photograph,  is  an  important  aid  in  diagnosis  and  has  proved  to 
be  entirely  practicable  in  many  instances. 

The  oesophagoscope  may  be  used  in  these  cases  both  as  a  means  of  diagnosis 
and  as  an  aid  to  treatment.  Sippy  ^  says:  ''that  the  chief  value  of  the  oesopha- 
goscope is  for  removal  of  fore'gn  bodies.  Here  it  becomes  indispensable."  A 
foreign  body  firml}^  lodged  in  the  oesophagus  constitutes  a  serious  condition; 
unless  removed,  it  sooner  or  later  causes  the  death  of  the  patient. 

The  early  use  of  the  oesophagoscope  for  the  removal  of  a  foreign  body  must 
be  strongly  urged.  During  the  first  day  or  two  after  a  foreign  body  is  lodged, 
very  little  inflammation  is  present,  but,  after  three  or  four  days  or  a  week,  this 
inflammation  becomes  intense.  An  abscess  may  form ;  perforation  of  the  wall 
of  the  oesophagus  is  apt  to  follow;  and,  above  all,  after  the  lapse  of  a  short  tmie, 
the  inflammation  surrounding  the  foreign  body  becomes  so  marked  as  to  render 
its  extraction  a  difficult  matter.  Whenever,  therefore,  a  foreign  body  is  lodged 
in  the  oesophagus  in  an  niaccessible  possition,  from  which  it  cannot  be  dislodged 
either  iipw^ard  or  downward,  the  oesophagoscope  should  be  used  at  once;  and. 
with  the  aid  of  this  instrument,  it  will  be  found  that,  in  a  great  many  cases,  the 
foreign  body  can  be  extracted. 

Treatment. ^The  treatment  of  foreign  bodies  lodged  in  the  oesophagus  should 
be  instituted  as  soon  as  the  diagnosis  has  been  made.  The  various  methods 
wiiich  dispense  with  a  cutting  operation  should  be  tried  first — namely,  extraction 
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through  the  mouth;  forcing  the  foreign  body  down  into  the  stomach;  extraction 
with  the  aid  of  the  a?sophagoscope. 

Extraction  through  the  mouth  should  be  attempted  in  cases  of  foreign  bodies 
which,  by  their  character  and  situation,  can  be  removed  without  undue  force. 
The  longer  a  foreign  body  has  be?n  embedded,  the  more  cautious  should  one  be 


Fig.  171. — Lutter  Forceps. 

in  one's  efforts  to  remove  it.  The  various  forms  of  pharyngeal  and  oesophageal 
forceps  are  adapted  principally  to  the  removal  of  foreign  bodies  from  the  pharynx 
and  upper  oesophagus.  (Figs.  171,  172,  173.)  Fig.  174  represents  an  instrument 
■ — Graefe's  coin-catcher — which,  when  it  is  passed  beyond  the  foreign  body  and 
then  withdrawn,  is  likely  to  catch  the  body  and  bring  it  out.  This  instrument 
is  useful  in  cases  in  which  the  object  is  lodged  in  the  lower  portion  of  the  oesopha- 
gus and  does  not  completely  obstruct  the  tube.  The  Weiss  fishbone  catcher, 
with  ring,  metal  tip,  and  Sympson's  hook  contrivance,  is  represented  in  Fig.  175. 
It  is  passed  beyond  the  object  with  the  bristler  folded  and  held  in  place  by 


Fig.  172. — Pharyngeal  Forceps. 

Sympson's  contrivance  (a) ;  it  is  then  opened  like  an  umbrella  and  the  walls  of 
the  oesophagus  are  swept  from  below  upward  by  withdrawing  the  instrument 
held  open,  as  in  b.  This  instrument  is  most  useful  in  removing  fishbones  and 
other  small  objects.  Graefe's  coin  catcher  (Fig.  174)  consists  of  a  whalebone 
staff,  one  end  of  which  carries  a  small  sponge,  the  other  end  being  provided  either 
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with  Li  shallow  basket  which  turns  on  a  hinge,  or  with  a  siiioolh  douhle  hook 
movable  in  both  directions.  The  instrument  is  passed  beycjnd  the  foreign  body 
and  then  turned  upon  its  axis  before  being  withdrawn. 

After  the  oesophagus  has  been  examined  with  a  bougie  and  the  location  of  the 
foreign  body  has  been  determined,  (rsophagoscopy  should  be  pci'formcd  with  tiu! 
intention  of  extracting  the  foreign  l)ody  through  the  mouth  or  of  jnishing  it  into 
the  stomach.  There  are  many  cases  in  which  a  foreign  body  can  be  reriioved 
through  the  mouth  by  aid  of  the  (i^sophagoscope,  an  cesophagotomy  or  possibly 
a  gastrotomy  being  thus  avoided.  tEsophagoscopy  should  be  attemi)ted  onl\'  by 
those  who  have  had  special  training  and  have  mastered  the  techni(|ue  of  th(' 
procedure. 

A  foreign  body  should  not  be  pushed  down  into  the  stomach  unless  one  is 
fairly  certain  that  the  procedure  will  not  be  a  disadvantage  to  the  i)atient.    The 


Fig.  173. — CEsophageal  Forceps. 

cases  in  which  this  method  is  justifiable  are  those  in  which  the  foreign  body  is 
smooth  and  is  not  too  large  to  pass  the  pylorus,  and  which,  besides,  cannot  be 
easily  grasped  with  extraction  forceps.  The  procedure  is  also  permissible  In 
cases  in  which  the  foreign  body  is  of  a  soft  nature,  such  as  a  piece  of  meat,  a 
potato,  etc.  The  best  instrument  for  this  purpose  is  the  ordinary  bougie  with 
a  cylindrical  tip.  In  case  a  foreign  body  passes  into  the  stomach,  or  is  pushed 
down  into  the  stomach,  its  passage  will  be  facilitated  by  feeding  the  patient 
mashed  potatoes  for  a  few  days. 

Where  the  methods  mentioned  above  are  unsuccessful,  or  where  they  are 
contra-indicated,  a  surgical  operation  should  be  performed.  Even  though  the 
foreign  body  be  of  such  a  nature  that  it  will  probably  not  pass  the  pylorus  safely, 
it  is  justifiable  to  push  it  down  into  the  stomach  and  perform  a  gastrotomy  later, 
for  the  latter  operation  is  much  simpler  and  less  dangerous  where  a  foreign  body 
is  situated  in  the  stomach  than  where  it  is  impacted  in  the  oesophagus. 

There  are  two  methods  of  approach:  one  by  an  external  cesophagotomy, 
and  the  other  by  a  gastrotomy.  The  selection  of  the  method  must  depend  upon 
the  location  of  the  impaction.     As  a  rule,  if  the  impacted  body  is  located  at  the 
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cricoid  cartilage  or  at  any  spot  above  the  suprasternal  notch,  an  oesophagotomy 
should  be  performed;  if  it  is  located  below  the  sternal  notch,  a  gastrotomy 
should  be  don(\ 

(Esophagotomy. 

The  patient  is  anaesthetized  and  placed  with  the  shoulders  well  raised  and 
a  sand  bag  under  the  neck,  so  as  to  throw  the  head  somewhat  backward.  An 
incision  is  made  on  the  left  side  of  the  neck,  along  a  Hne  corresponding  with  the 
anterior  border  of  the  sterno-mastoid  muscle.  It  is  carried  directly  down  to 
the  muscle.  Blunt  dissection  is  now  used  until  the  anterior  belly  of  the  omo- 
hyoid muscle  is  reached.  This  muscle  and  the  sterno-thyroid  and  sterno-hyoid 
muscles  are  retracted  inward.  The  lateral  wall  of  the  trachea  can  now  be  felt, 
and,  when  the  wound  is  stretched  open,  the  oesophagus  should  be  seen  immedi- 
ately behind  the  trachea.  Great  assistance  in  locating  this  tube  can  be  rendered 
by  placing  a  bougie  with  a  large  bulb  in  the  oesophagus  and  pressing  the  end 
toward  the  wound.  The  oesophagus  is  now  separated  from  its  connections,  both 
anteriorly  and  posteriorly,  by  means  of  blunt  dissection,  so  that  it  is  possible  to 
bring  the  oesophagus  up  near  the  edges  of  the  skin  wound.     The  remainder  of 


Fig.  174  — Graefe's  Coin-catcher. 

the  wound  is  now  packed  off  with  small  pads  so  as  to  prevent  any  discharge 
which  might  come  from  the  oesophagus  from  infecting  the  wound.  An  incision 
is  next  made  upon  the  bulb  and  the  cut  edges  of  the  oesophagus  are  grasped  by 
means  of  two  mouse-toothed  forceps.  The  oesophagus  is  then  explored  by 
means  of  the  finger,  and  the  foreign  body  is  removed  by  the  aid  of  a  curved 
pair  of  oesophageal  forceps.  Great  care  should  be  taken  to  sponge  away  any 
mucus  that  escapes  from  the  oesophagus.  After  the  foreign  body  bas  been 
removed,  the  wound  in  the  oesophagus  should  be  closed  with  two  layers  of  catgut 
sutures,  the  outer  row  consisting  of  Lembert  stitches.  A  small  drain  is  now 
carried  down  to  the  oesophagus,  all  of  the  deep  structures  are  sutured  in  their 
normal  position  with  catgut,  and  the  margins  of  the  skin  are  approximated  with 
horsehair  stitches.  The  patient  should  receive  no  food  or  liquids  by  way  of 
the  mouth  for  a  week  or  ten  days.  In  well-nourished  patients  the  nourishment 
and  fluids  can  be  administered  per  rectum.  In  very  weak  individuals  the  nourish- 
ment can  be  given  by  passing  a  tube  through  the  nose  down  into  the  stomach. 
The  prognosis,  in  cases  of  oesophagotomy,  depends  mainly  upon  the  time  at 
which  the  operation  is  performed.  If  it  is  performed  within  the  first  twenty-four 
to  forty-eight  hours,  the  prognosis  is  good ;  if  it  is  performed  after  this  time,  and 
if  ulceration  or  perforation  has  taken  place,  the  prognosis  is  very  grave. 
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Gastrotoniy  for  the  Removal  of  a  Foreign  Body  in  the  (Esophagus!. 

The  removal  of  a  foreign  body  through  the  stomach  is  justifiable  in  all  cases 
in  which  the  bod}'  is  situated  too  low  in  the  thoi-acic  portion  of  the  a'so|)hagus 
to  be  reached  by  trsophagotomy,  and  in  which, 
at  the  same  time,  it  cannot  ho  removetl  b>' 
other  means.  It  is  indicated,  therefore,  in 
cases  in  which  the  foreign  body  is  situated 
more  than  26  cm.  (10  inches)  from  the  teeth, 
as  well  as  in  those  in  which  the  bodj'  is  lodged 
in  the  cardiac  end  of  the  oesophagus;  and  it  is 
especiall}''  indicated  in  cases  in  which  the 
foreign  body  is  large  and  angular  or  irregularly 
shaped. 

In  performing  gastrotoniy  for  the  removal 
of  a  foreign  bod}'  in  the  oesophagus,  the  sin-geon 
should  make  the  incision  through  the  edge  of 
the  left  rectus  abdominis  muscle  or  ol^liquel}- 
along  the  costal  margin.  AA'hen  the  perito- 
neal ca\aty  is  opened  the  intestines  should  be 
packed  away  by  means  of  sterile  gauze  i)ads, 
to  guard  against  soiling  the  peritoneiuTi  by 
any  leakage  from  the  stomach.  The  dome  of 
the  stomach  is  now  brought  forward  and  out 
of  the  peritoneal  cavity,  if  possible.  The 
stomach  wall  is  grasped  with  mouse-toothed 
stomach  forceps  and  then  incised.  The  con- 
tents of  the  organ  should  be  removed  by  pack- 
ing dry  gauze  pads  in  and  out  through  the 
opening  in  the  stomach  wall.  The  lower  end 
of  the  (jesophagus  is  now  explored  by  passing 
one  finger  through  the  opening  in  the  stomach 
wall.  The  edges  of  the  stomach  wound  should 
be  held  well  beyond  the  edges  of  the  abdom- 
inal wound,  a  pair  of  oesophageal  forceps  should 
be  passed  through  this  opening  u])  into  the 
oesophagus,  and  the  foreign  body  should,  if 
possible,  be  extracted.  In  the  more  difficult 
cases,  in  which  various  procedures  are  neces- 
sary in  order  to  loosen  and  bring  down  the 
foreign  bod}',  it  is  most  practicable  to  enlarge 
the  incision  and  pass  the  whole  hand  into  the 
stomach,  as  recommended  by  Richardson.  If 
the  foreign  body  cannot  be  reached  with  the 
finger  and  removed  by  the  aid  of  forceps,  the  string  method,  as  used  by  Bull  and 


Fig.  175. — Weiss  Fishbone  Catcher. 
a.  Bristle  folded  and  instrument  ready 
to  be  introduced:  b,  bristle  expanded 
and  instrument  ready  to  be  withdrawn ; 
c,  Sympson's  hook  contrivance. 
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Finney,  should  be  tried.  A  small  sound  or  bougie  is  passed  either  through  the 
mouth  or  from  below  through  the  gastrotomy  opening.  A  string,  which  has  been 
armed  with  a  small  sponge  or  piece  of  gauze  is  attached  to  the  end  of  the  sound 
and  pulled  back  through  the  a?sophagus.  An  attempt  is  now  made,  by  drawing 
this  sponge  through  the  oesophagus,  either  to  bring  the  foreign  body  up  and  out 
through  the  mouth,  or  to  pull  it  downward  into  the  stomach.  After  the  foreign 
body  has  been  removed,  the  management  of  the  opening  in  the  stomach  depends 
upon  the  amount  of  traumatism  which  has  been  inflicted  upon  the  oesophagus. 
If  the  foreign  body  is  removed  early  and  with  little  injury  to  the  oesophagus,  the 
wound  in  the  stomach  should  be  completely  closed  by  first  appljdng  a  Connell 
suture  to  the  two  edges  and  then  covering  the  area  by  means  of  a  Lembert 
stitch.  In  case  the  foreign  body  has  been  present  for  a  considerable  length  of 
time,  thus  favoring  the  belief  that  an  ulcerated  condition  may  exist,  or  if  the 
oesophagus  is  injured  considerably  during  the  removal  of  the  foreign  body,  then 
a  temporary  gastrostomy  should  be  done  for  the  purpose  of  administering  food 
until  the  oesophagus  shall  have  recovered  from  the  injuries  inflicted.  The 
gastrostomy  should  be  so  planned  that  the  opening  in  the  stomach  will  close 
spontaneously  in  a  short  time.  This  can  be  accomplished  by  carefully  folding 
the  serous  surface  of  the  stomach  inward  around  the  feeding  tube,  thus  making 
it  impossible  for  any  eversion  of  the  mucous  lining  of  the  stomach  to  take  place. 
If  this  is  done  in  the  manner  described,  the  fistula  in  the  stomach  will  close  in  a 
short  time  after  the  removal  of  the  feeding  tube. 

Among  the  complications  which  may  follow  the  swallowing  of  a  foreign 
body  the  most  important  are  hemorrhage  and  phlegmonous  processes  resulting 
from  injury  to  the  oesophagus.  Ulceration,  perforation,  or  gangrene  of  the 
oesophagus  is  apt  to  be  followed  by  a  phlegmonous  process  which  may  lead  to 
suppuration  in  the  pleura,  in  the  mediastinum,  or  in  the  loose  connective  tissue 
between  the  vertebral  column  and  the  oesophagus,  or  it  may  result  in  pneumonia 
or  in  gangrene  of  the  lungs. 

In  the  presence  of  any  of  the  above-named  complications,  the  prognosis  is 
usually  unfavorable. 

Stricture  of  the  (Esophagus. — Of  the  organic  strictures  of  the  oesophagus, 
those  which  are  caused  by  carcinoma  are  the  most  frequent;  the  next,  in  the 
order  of  frequency,  being  the  cicatricial  stenosis,  the  result  of  the  healing  of  an 
ulceration.  The  latter  is  produced  by  some  form  of  traumatism,  such  as  the 
swallowing  of  a  caustic  alkali,  an  acid,  or  a  hot  fluid;  and  it  may  also  be  caused 
by  a  wound  or  by  the  prolonged  lodgment  of  a  foreign  body.  It  is  occasionally 
due  to  typhoid  ulceration.  Thompson  ^"  reports  three  cases  which  came  under 
his  observation  and  nine  other  cases  which  have  been  described  in  literature. 
The  most  common  cause — and  this  is  especially  true  in  children — is  the 
accidental  swallowing  of  concentrated  lye.  In  adults,  carbolic  acid,  ammonia, 
etc.,  are  frequently  taken,  but  in  only  a  small  proportion  of  the  cases  does  the 
patient  live  to  develop  a  cicatrix;  the  immediate  mortality  is  high.  Occasion- 
ally the  breaking  down  of  a  syphilitic  gumma  may  leave  an  ulcer,  and  the  heal- 
ing of  this  lesion  causes  a  stenosis.     Tuberculous  ulceration  of  the  oesophagus 
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is  very  rare.  The  healing  of  an  ulcer  of  the  cardia  which  extends  into  the 
oesophagus  may,  in  rare  cases,  result  in  a  cicatricial  stenosis  of  the  (X'sophagus. 
Spasmodic  stricture  of  the  (rs()i)hagus  is  not  a  rare  condition,  and  nmst  always 
be  kept  in  mind  when  one  is  considering  the  causes  of  obstruction  of  the 
oesophagus. 

A  pressure-stenosis  of  the  oesophagus  may  result  from  extra-oesophageal 
conditions,  such  as  tumors  involving  the  thyroid  body,  enlarged  tracheal  and 
mediastinal  lymph  nodes,  aneurysms,  pericardial  efi'usions,  peri-oesophageal 
abscess,  and  spondylitis. 

Although  strictures  may  occur  at  any  part  of  the  oesophagus,  they  are  most 
frequently  found  at  the  site  of  the  three  natural  constrictions  of  the  oesophagus — 
viz.,  at  the  entrance  of  the  oesophagus,  at  the  level  of  the  bifurcation  of  the 
trachea,  and  in  the  region  of  the  hiatus  of  the  oesophagus. 

Symptoms. — Difficulty  in  swallowing  is  present  in  all  cases  of  stricture  of 
the  oesophagus.  The  degree  of  dysphagia  depends  upon  the  degree  of  stenosis. 
In  cases  of  cicatricial  stenosis  the  narrowing  usually  develops  slowly,  and  the 
dysphagia  comes  on  gradually.  At  first,  the  patient  experiences  difficulty  in 
swallowing  solid  food,  especially  meat.  Early  in  the  disease  there  is  usually  a 
sense  of  pain  or  discomfort  in  the  oesophagus  at  the  point  of  the  stricture, 
especially  during  the  act  of  swallowing.  Occasionally,  the  patients  locate  the 
stricture  incorrectly,  as  the  pain  may  be  referred  to  the  region  of  the  sternum. 
and  cricoid  cartilage  when  the  obstruction  is  located  in  the  lower  portion  of  the 
oesophagus.  As  the  stenosis  increases,  the  difficulty  in  swallowing  becomes  more 
marked,  and  the  patient  soon  develops  a  rather  characteristic  symptom — that, 
namely,  of  being  careful  to  take  only  a  small  amount  of  food  at  a  time,  and  then 
to  swallow  it  slowly.  He  frequently  gags,  and  then  carries  out  certain  motions 
with  his  head.  There  is  often  regurgitation  of  food.  If  the  obstruction  is  high 
up  in  the  oesophagus,  this  regurgitation  takes  place  immediately;  if  it  is  lower 
down,  a  short  time  may  intervene  before  the  regurgitation  takes  place.  Where 
the  obstruction  is  very  marked,  mucus  and  swallowed  saliva  accumulate  in  the 
oesophagus  and  constitute  a  great  annoyance  to  the  patient  by  being  frequently 
regurgitated  into  the  mouth.  As  soon  as  the  obstruction  is  pronounced,  loss  of 
weight  takes  place  from  lack  of  sufficient  nourishment. 

Diagnosis. — In  mechanical  stricture  of  the  oesophagus  there  is  present  a 
group  of  symptoms  which  are  self-evident;  of  these,  the  dysphagia  and  the 
regurgitation  of  food  are  the  most  prominent.  When  a  patient  complains  of 
difficulty  in  swallowing  or  of  vomiting  at  the  time  of  eating,  we  should  put  him 
to  the  test  and  observe  what  happens  during  the  ingestion  of  food  and  drinks. 
Even  though  the  obstruction  has  existed  for  only  a  short  time,  we  shall  observe 
that  the  patient  has  learned  to  eat  slowly,  to  take  only  small  bites  of  food,  and 
to  masticate  very  carefully.  If  the  stenosis  is  very  marked,  even  liquids  will  be 
taken  slow^ly,  and  it  will  be  evident  that  the  patient  is  making  an  effort  to  cause 
the  food  to  go  down.  If  he  is  urged  to  eat  more  rapidly,  he  will  say  that  it  is 
impossible.  If  eating  is  forced,  there  will  be  a  regurgitation  of  food  usually  mixed 
with  mucus.     This  takes  place  without  any  effort  on  the  part  of  the  patient  and 
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is  very  different  from  the  expulsive  effort  which  usually  accompanies  vomiting. 
The  patient  can  practically  always  distinguish  the  diffciviK-c  l^etween  the  act  of 
\'omiting  and  the  regurgitation  of  food.  If  the  history  of  a  patient  indicates  the 
presence  of  a  stenosis,  we  can  confirm  the  diagnosis  by  passing  a  stomach  tube 
or  bougie.  Before  such  instruments  are  used,  however,  a  careful  examination 
of  the  patient  should  be  made  to  determine  if  there  is  any  contra-indication  to 
the  employment  of  this  measure.  The  presence  of  an  aneurysm,  or  of  high-grade 
arteriosclerosis,  or  of  pronounced  heart  incompetency  renders  the  j^rocedure 
unsafe.  As  a  rule,  it  is  best  to  pass  a  soft  stomach  tube  first;  but  the  exact 
location  and  degree  of  the  obstruction  can  be  more  accurately  determined  by  the 
employment  of  bougies  with  olive  tips.  The  diagnosis  and  location  of  an 
oesophageal  stenosis  is  usually  easy,  but  to  determine  the  exact  nature  of  the 
obstruction  is  often  a  difficult  matter.  In  adults  carcinoma  is  by  far  the  most 
common  cause  of  stricture.  It  is  characterized  by  the  same  symptoms  as  those 
described  above.  Its  onset  is  usually  gradual,  although  the  inabihty  to  swallow 
solids  may  come  on  suddenly.  The  course  of  carcinoma  is  progressive,  there  is 
a  gradual  loss  of  weight,  and  later  there  is  cachexia.  Metastatic  growths  should 
always  be  looked  for,  although  they  are  rarely  of  value  in  the  early  diagnosis. 
As  there  is  a  tendency  toward  early  ulceration  in  carcinoma,  the  presence  of 
blood  in  the  stools  is  an  important  diagnostic  sign.  In  carcinoma  the  passage 
of  even  a  soft  stomach  tube  usually  causes  bleeding  on  account  of  the  presence 
of  an  ulcerating  surface. 

In  cicatricial  stenosis  there  will  be  a  gradual  and  persistent  obstruction,  with 
the  absence  of  the  above-mentioned  symptoms.  There  is  usually  a  history  of 
swallowing  some  caustic  acid  or  alkali.  This  history,  together  with  the  presence 
of  a  firm  obstruction  as  determined  by  the  passing  of  a  bougie,  will  usually 
suffice  to  make  the  diagnosis  of  cicatricial  stenosis. 

Treatment. — Much  can  be  done  to  prevent  the  formation  of  troublesome 
strictures  following  traumatisms  of  the  oesophagus  by  treating  the  condition 
before  contraction  takes  place.  After  a-  patient  has  swallowed  some  caustic 
substance,  Meyer  suggests  that  systematic  sounding  should  be  instituted  after 
the  lapse  of  from  two  to  four  w^eeks.  Foreign  bodies  should  not  be  allowed  to 
remain  in  the  oesophagus  until  ulceration  has  taken  place. 

Measures  to  he  Employed  in  Dilatable  Strictures. — Gradual  dilatation  is  the 
operation  of  choice  in  this  class  of  cases.  If  the  stricture  is  not  too  tight  the 
woven  flexible  bougies  are  suitable  for  this  purpose.  The  bougie  is  lubricated 
with  vaseline,  olive  oil,  or  glycerin,  and  passed  in  the  method  described  in  the 
section  relating  to  the  examination  of  the  oesophagus.  (Page  416.)  In  the 
tighter  strictures  a  bougie  with  a  whalebone  stem,  to  which  may  be  attached 
ivory  olive-shaped  tips  of  different  sizes,  will  be  found  most  valuable.  These 
tips  should  be  made  long  and  tapering,  so  that  they  may  enter  the  stricture  with 
greater  ease  than  do  the  ordinary  olive-shaped  tips,  and  the  size  employed  should 
gradually  increase.  There  are  many  cases  in  which  the  woven  flexible  bougie 
or  the  olive-shaped  tips  cannot  be  passed,  and  the  surgeon  is  then  apt  to  pro- 
nounce the  case  one  of  impermeable  stricture.     However,  in  these  cases  one  may. 
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with  care  and  gcntleiK-ss,  c'asily  pass  a  lilifuriii  bougie,  e\-en  though  several  sit- 
tings are  required.  In  such  cases  several  small  filiform  bougies,  on  one  end  of 
which  screw  threads  are  cut  so  that  it  may  be  attached  to  a  flexible  dilator,  as 
shown  in  Fig.  1()9,  should  be  inserted  (one  after  the  other)  into  the  oesophagus 
and  gently  pushed  against  the  stricture  in  the  same  manner  as  filiforms  are 
inserted  into  the  urethra.  By  nianiinilating  first  one  bougie  and  then  anothei-, 
one  will  usually  succeed  in  causing  one  of  them  to  slip  through.  The  tajx-ring 
flexible  bougie  is  now  attached  to  the  fiUform,  wliich  serves  as  a  guide,  and  the 
bougie  is  then  pushed  on  through  the  stricture.  After  the  fiHform  has  been 
passed  a  few  times,  the  passage  of  the  woven  flexible  bougie  or  one  of  the  olive- 
shaped  tips  can  probably  be  effected.  These  should  be  passed  in  increasing 
sizes  at  intervals  of  two  or  three  times  a  week.  After  a  few  days,  when  the 
patient  has  become  accustomed  to  this  procedure,  the  largest  flexible  bougie 
passed  should  be  left  in  place  for  a  period  of  from  five  to  fifteen  minutes. 

Many  months  are  usually  required  for  the  thorough  dilatation  of  one  of  these 
strictures,  and,  after  the  patient  is  apparently  cured,  sounds  should  be  passed 
occasionally  for  several  yeai's. 

Methods  to  be  Employed  in  Non-Dilatahle  Strictures. — In  strictures  which  are 
impermeable  from  above,  or  which  cannot  be  successful!}'  treated  by  dilatation 
through  the  mouth,  the  treatment  depends  upon  the  condition  of  the  patient  and 
upon  the  location  of  the  stricture.  K  the  patient  is  in  an  exhausted  condition 
from  prolonged  starvation,  a  temporary  gastrostomy  should  be  performed  and 
the  patient  nourished  in  this  way  until  his  general  condition  shall  have  improved. 
By  this  means,  rest  is  given  to  the  affected  parts  and  then,  later  on,  it  may  be 
possible  to  dilate  the  stricture  from  above;  or,  if  it  be  not  possible,  some  form 
of  retrograde  dilatation  may  be  used. 

The  following  is  quoted  from  Ma^'o  ":  "For  stricture  in  the  \'icinity  of  the 
cricoid  cartilage  external  oesophagotomy,  after  Billroth,  is  the  operation  of 
choice.  Like  the  perineal  cut  for  stricture  of  the  urethra,  the  funnel-shaped 
retraction  of  the  cut  portion  is  caused  by  adhesion  to  the  external  tissues  divided 
and  it  lessens  future  contraction.  This  operation,  first  perfonned  by  Mitchell 
and  later  by  Annandale,  has  stood  the  test  and  should  not  be  long  delayed. 
"For  dense  stricture  above  the  arch  of  the  aorta  and  below  the  point  which 
can  be  directly  di^dded,  Gussenbauer's  combined  oesophagotomy  is  the  best 
operation;  through  an  external  incision  in  the  neck  a  tenotome  is  introduced 
and  passed  downward  to  the  stricture,  which  is  then  di^dded." 

The  most  common,  as  well  as  the  most  serious,  strictures  are  those  at  the 
lower  end  of  the  oesophagus.  The  best  method  of  dealing  with  these  is  by  some 
form  of  retrograde  dilatation. 

(Esophageal  strictures  which  are  impermeable  from  above,  ^^ill  ahuost  in- 
variably permit  the  passage  of  a  bougie  from  below,  because  the  pressure  of  the 
food  in  trjdng  to  pass  down  the  oesophagus  renders  the  canal  basin-shaped,  while 
on  the  distal  side  the  oesophagus  is  funnel-shaped.  Thus  naturally  a  bougie 
will  pass  more  readily  upward  through  the  stricture. 

The  Author's  ^lethod. — The  same  incision  is  made  as  that  which  is  used  in 
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ordinary  gastrostomy.  The  stomach  wall  is  brought  out  of  the  wound  and  a 
purse-string  suture  is  applied  in  such  a  manner  as  to  describe  a  circle  one  inch 
and  a  half  in  diameter.  An  incision  is  next  made  in  the  stomach  wall  large 
enough  to  admit  one  finger.  A  filiform  bougie  is  now  passed  through  the  stric- 
ture, either  from  above  or  in  a  retrograde  manner.  A  silk  cord  is  attached  to 
the  end  of  the  bougie  and  pulled  up  through  the  oesophagus  and  out  through  the 
mouth.  A  stronger  silk  cord  is  attached  to  this  one  and  in  turn  is  drawn  through 
downward.  This  perfomiance  is  repeated  until  a  very  powerful  silk  cord  has 
been  drawn  through  double  and  tied  upon  itself,  as  shown  in  Fig.  17G.     The 


Fig.  176. — Dilatation  of  Stricture  of  the  CEsophagus.  The  diagram  sliows  a  continuous  double 
thread  of  heavy  silk  passed  through  the  mouth,  pharynx,  cesophagus,  stomach,  and  gastrotomy  wound, 
and  from  this  to  the  mouth  a  rubber  drainage  tube  drawn  through  by  the  loop  in  the  string,  and 
a  second  drainage  tube  looped  into  the  first,  to  be  drawn  back  through  the  stricture. 


feeding  tube  is  fastened  in  the  stomach  by  tying  the  purse  string.  The  silk  cord 
is  left  in  place;  it  passes  around  through  the  oesophagus  and  stomach  and  out 
alongside  the  feeding  tube,  so  that  it  cannot  be  dislodged  by  any  accidental 
manipulation.  The  operation  is  then  completed  by  suturing  the  stomach  to 
the  peritoneum  and  transversalis  fascia. 

The  feeding  tube  is  left  in  place  for  a  few  days  while  the  stomach  is  becoming 
thoroughly  attached  to  the  abdominal  wall,  during  which  time  the  patient  re- 
ceives an  abundance  of  nourishing  food. 

The  dilatation  is  now  begun  in  the  following  manner: — By  means  of  the 
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continuous  double  cord  another  cord  is  carried  through  the  stomach  into  the 
oesophagus  and  out  through  the  mouth.  This  cord  should  again  be  double,  so 
that  a  rubber  drainage  tube  may  be  looped  into  it  and  drawn  through  the 
stricture,  as  shown  in  Fig.  176.  In  this  diagram,  however,  the  rubber  tube  is 
looped  directly  upon  the  original  silk  cord,  which  is  not  a  safe  practice,  because, 
if  the  cord  should  break,  it  might  be  difficult  to  replace  it,  while  there  is  no 
danger  of  its  breaking  in  simply  carrying  through  another  cord.  The  rubber 
will  stretch  out  into  a  thin  body  when  drawn  through  a  tight  stricture,  but  when 
relaxed  it  will  act  as  a  powerful  dilator.  The  size  of  the  rubber  tube  may  be 
increased,  or  any  desired  number  of  tubes  may  be  drawn  through  the  stricture 


Fig.  177. — Dilatation  of  a  Stricture  of  the  CEsophagus.  In  this  diagram  a  large  double  tube  is 
represented  as  having  been  drawn  into  the  stricture,  in  which  position  it  is  left  for  a  time  in  order  that 
it  may  exert  a  dilating  influence. 

at  the  same  time,  as  the  calibre  of  the  latter  increases.  (See  Fig.  177.)  The 
rubber  tubes  may  be  drawn  back  and  forth.  The  first  one  is  drawn  through  the 
mouth  and  out  of  the  opening  in  the  stomach  by  means  of  the  silk  cord.  The 
dilatation  can  now  be  carried  on  by  looping  a  larger  rubber  tube  through  the 
loop  of  the  other  tube.  By  means  of  the  latter,  draw  the  larger  tube  up  through 
and  out  of  the  mouth,  and  then  repeat  this  until  as  large  a  tube  as  desired  may 
be  drawn  through  the  stricture.  This,  however,  requires  a  large  opening  in  the 
stomach,  which  is  not  necessary  if  the  tubes  are  simply  looped  into  the  silk  cord ; 
and  by  alternating  the  direction  of  the  pull,  the  tube  is  first  drawn  out  by  its 
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free  ends  and  then  in  by  the  silk  loop.  Later  on,  a  Barnes  dilator  in  a  collapsed 
condition  may  be  drawn  into  the  stricture,  as  shown  in  Fig.  178.  In  this  diagram 
the  dilator  is  being  drawn  up  from  below,  but  it  can  be  drawn  down  from  above 
with  no  more  difficulty.  The  fact  that  the  dilator  is  engaged  in  the  stricture 
may  be  recognized  by  the  difficulty  which  one  experiences  in  drawing  it  into  the 
narrow  opening.  It  should  also  be  noted  that  the  shoulders  upon  the  bag  have 
a  tendency  to  keep  it  from  sHpping  beyond  the  stricture. 

When  once  in  place  the  Barnes  dilator  is  inflated  with  air  by  means  of  a  rubber 
bulb.     The  patient's  own  sensations  must  serve  as  a  guide  to  the  degree  of 


Fig.  178. — Dilatation  of  a  Stricture  of  tlie  (Esophagus.     The  diagram  shows  a  Barnes  dilator  intro- 
duced after  partial  dilatation  has  been  accomplished  by  the  method  illustrated  in  Figs.  176  and  177. 

dilatation  which  it  is  safe  to  make  use  of  at  any  given  time,  and  to  the  length  of 
time  during  which  it  is  wise  to  leave  the  dilator  in  place. 

Sippy  has  constructed  a  dilator  which  is  superior  to  the  Barnes  dilator  and 
which  can  be  used  in  the  same  manner.  The  dilator  consists  of  a  rubber  bag, 
about  three  and  one-half  inches  long,  encased  in  a  silk  bag,  which  limits  accu- 
rately the  distention  which  may  be  produced.  When  inflated  with  air  the  silk 
bag  has  a  circumference  of  about  15  cm.  The  dilating  force  is  accurately 
controlled  by  this  bag,  and  the  maximum  pressure  is  exerted  at  the  point  desired. 
The  silk  bag  is  itself  covered  with  a  rubber  bag,  to  prevent  friction. 

In  case  simple  dilatation,  either  by  the  use  of  the  rubber  tubes  or  by  means 
of  the  Barnes  dilator,  does  not  expand  the  stricture  rapidly  enough,  the  edges 
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of  the  stricture  may  be  rendered  tense  either  by  drawing  as  many  rubber  tubes 
as  one  can  into  the  stricture  or  by  employing  the  inflated  bag,  as  shown  in  Fig. 
179,  and  then  using  the  silk  cord  after  the  fashion  of  a  chain  saw  (as  is  done  in 
the  method  of  Abbe)  and  thus  cutting  the  edges  of  the  stricture.  After  a  con- 
siderable degree  of  dilatation  has  been  accomplished,  it  is  well  to  attempt  the 
passage  of  oesophageal  bougies  from  above.  These  should  be  passed  every  day 
at  first,  then  once  a  week  for  several  months,  and  finally  once  a  month  for 
many  years.  The  patient  can  be  taught  to  pass  the  bougies  himself,  and  he 
should   then  report  personally  to  the   surgeon    from  time  to  time.     This  is 


Fig.  179. -—Dilatation  of  a  Stricture  of  the  CEsophagus.     The  diagram  shows  the  Barnes  dilator  in 

position  and  distended. 

desirable  because  the  patient  often  imagines  that  he  has  succeeded  in  passing 
a  bougie  w^hen  he  has  passed  it  only  down  to  the  stricture. 

After  the  feeding  tube  has  been  removed,  in  those  cases  in  which  an  adequate 
passage  through  the  oesophageal  stricture  has  been  established  by  dilatation, 
the  opening  in  the  stomach  will  usually  close  spontaneously. 

Abbe's  String-Cutting  Method. — The  abdomen  is  opened  and  the  anterior 
wall  of  the  dome  of  the  stomach  is  brought  up  and  sutured  to  the  edges  of  the 
abdominal  wall.  An  opening  is  made  in  the  stomach  and  two  fingers  are  inserted 
into  its  cavity  and  passed  along  its  anterior  wall  for  the  purpose  of  locating  the 
opening  of  the  oesophagus.  Abbe  ^^  calls  attention  to  the  fact  that  it  is  often 
difficult  to  locate  the  oesophageal  opening.     In  connection  with  this  statement 
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Abbe  says: — ''This  has  been  interesting  to  me  from  a  physiological  point  of 
view.  We  ordinarily  think  of  the  stomach  as  pictured  in  anatomy,  showing  a 
funnel-shaped  expansion  of  the  oesophagus  where  it  joins  the  stomach  wall.  It 
has  never  been  my  experience  to  find  this  condition  in  the  living  stomach.  As 
one's  finger  passes  back  and  forth  over  its  upper  interior  aspect,  one  feels  an 
even  surface  more  like  the  interior  of  any  dome-shaped  cavity.  This  surface  is 
maintained  by  the  circular  sphincteric  muscle  layers,  and  it  is  not  until  a  moment's 

pressure  of  the  finger  at  the  right  place  causes  them 
to  yield,  that  it  slips  upward  into  the  oesophagus. 

"I  have  never  seen  this  point  stated  in  any  surgical 
work,  and  it  has  interested  me  as  representing  an  al- 
ways present  physiological  condition  which  prevents 
food  regurgitation." 

When  the  oesophageal  opening  has  been  located, 
a  long  filiform  whalebone  bougie,  guided  by  the  index 
finger,  is  passed  up  along  the  oesophagus  from  the 
stomach  to  the  mouth.  To  the  end  of  this  a  heavy 
silk  string  is  tied  and  pulled  up  into  and  out  of  the 
mouth.  A  tapering  bougie  is  now  passed  up  along 
the  string  and  through  the  stricture  until  it  becomes 
wedged  tight  in  the  latter.  (Fig.  180.)  The  string  is 
now  pulled  back  and  forth  like  a  saw,  cutting  the 
tight  stricture  band.  (Fig.  181.)  As  the  stricture 
gives  way,  the  bougie  is  passed  further  up  until  it 
again  becomes  tight;  the  string-sawing  is  then  re- 
peated until  a  large  bougie  can  be  passed  from  the 
stomach  to  the  mouth.  Instead  of  passing  the 
bougie  up  along  the  string,  as  described  above,  one 
may  draw  through  the  oesophagus  a  second  string, 
to  the  lower  end  of  which  a  Billroth  dilating  bougie  is 
tied,  and  by  means  of  this  string  the  bougie  is  drawn 
upward  until  it  becomes  tightly  engaged  in  the  stric- 
ture; the  sawing  process  may  then  be  employed  in 
the  manner  described  above. 
The  fundamental  principle  of  this  operation  is  this:  the  dilator  must  be 
pressed  tightly  into  the  stricture  in  order  that  the  string  moving  to  and  fro  may 
eat  its  way  through  the  stricture.  No  tissue  will  be  affected  by  the  string, 
except  where  it  is  on  the  stretch. 

The  gastrotomy  opening  may  be  closed  immediately  after  the  cutting 
process  is  completed,  or  it  may  be  left  open  for  a  few  days  until  it  is  demonstrated 
that  a  large-sized  bougie  may  be  readily  passed  from  above.  Bougies  should  be 
passed  every  other  day  at  first,  then  weekly,  then  once  a  month  for  a  year,  and 
after  that  once  each  year. 

In  some  cases  it  is  possible  to  pass  a  small-sized  bougie  through  the  stricture 
from  above,  but  these  strictures  are  so  dense  that  they  will  not  yield  to  the 


Fig.  180.— Abbe's  String- 
cutting  Method.  The  dilating 
bougie  and  string  are  in  place. 
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bougies.  For  such  a  case,  Dr.  Joseph  D.  Hiyaiit  dcN'iscd  a  small  bcnigic  ihat 
carried  a  string  around  the  advancing  end  down  IVoin  above  through  the 
stricture  for  the  purpose  of  cutting  the  latter  by  the  string  method  without 
performing  a  gastrotomy.  Abbe '-  modified  this  bougie  in  such  a  manner  as 
to  make  its  use  more  simple  and  practical.  He  devised  a  dilating  metal  guide 
which  carries  a  string  down  to  the  face  of  the  stricture  and  back  again,  so  that, 
working  entirely  from  the  patient's  mouth,  he  was  able  to  wear  a  passage 
through  the  strictinv  on  the  same  principle  that  applies  in  his  original  string- 
cutting  operation.  The  patient's  head  is  held  back  in  a  position  w'hich  will 
render  the  oesophagus  as  straight  as  possible.     The  instrument  is  gently  pushed 


Fig.  181. — Diagram  Illustrating  Abbe's  String-cutting  Method  for  (Esophageal  Stricture. 


down  the  oesophagus  until  the  probe-ending  guide  engages  in  the  stricture  and 
the  metal  shoulder  bears  hard  upon  it.  While  the  operator  forces  the  instru- 
ment onward,  the  assistant  pulls  the  string  back  and  forth  in  the  tube  and 
wears  away  the  cicatrix  where  the  string  passes  against  it. 

Billroth's  Method. — A  filiform  bougie  is  passed  into  a  gastrostomy  opening 
and  up  through  the  stricture  to  the  mouth  or  out  through  an  external  oesopha- 
gotomy  opening,  and  a  strong  thread  is  drawn  down  through  and  out  of  the 
opening  in  the  stomach.  Then,  to  the  lower  end  are  fastened  in  succession 
conical  bougies  the  tips  of  which  are  capped  by  a  metal  point  into  which  the 
string  is  tied.     From  the  smallest  to  the  largest  ones,  these  are  thus  safely 
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drawn  up  through  the  stricture,  with  no  danger  of  perforating  the  wall  of 
the  a?sophagus. 

In  performing  any  of  the  retrograde  methods  of  dilatation  one  is  apt  to  have 
difficulty  in  passing  the  first  string  through  the  stricture.  It  may  not  only  be 
impossible  to  pass  a  bougie  from  above,  but  one  may  also  experience  great 
difficulty  in  finding  the  cardiac  opening.  In  such  cases  a  silk  thread  may  be 
floated  through  from  above,  as  advocated  by  Dunham.  This  is  accomplished 
by  having  the  patient  swallow  a  silk  thread  down  to  the  stricture.  The  patient 
is  then  given  a  swallow  of  water.  As  this  trickles  down  through  the  stricture 
it  may  carry  the  thread  through  with  it,  and  then  the  thread  can  be  fished  out 
through  the  gastric  fistula. 

Hagenbach  reported  a  case  in  which  he  was  unable  to  find  the  stricture  from 
below  after  making  a  gastric  fistula.  He  caused  the  patient  to  swallow  a  per- 
forated shot  to  which  a  thread  was  attached.  This  passed  through  the  stricture 
into  the  stomach  and  was  hooked  out  of  the  fistula,  and  thus  acted  as  a  guide  for 
the  future  dilatations. 

Dr.  Morris  ^^  reports  a  case  of  stricture  of  the  oesophagus  following  the  drink- 
ing of  hydrochloric  acid  and  describes  a  method  of  forming  a  gastric  fistula. 

"Charles  M.,  seventy-one  years  of  age,  drank  hydrochloric  acid  by  accident. 
The  oesophagus  became  nearly  or  completely  occluded  during  the  following  three 
weeks.  Rectal  alimentation.  Loss  of  weight,  30  pounds.  Patient  extremely 
feeble  when  I  first  saw  him  on  November  25th,  1907.  Operation  at  St.  Mark's 
Hospital  on  the  following  day.  Incision  parallel  with  the  left  costal  border,  in 
the  expectation  of  performing  Witzel's  operation.  Stomach  so  much  contracted 
that  it  was  found  impossible  to  perform  this  operation.  A  ribbon  of  skin  about 
an  inch  wide  was  dissected  away  from  either  side  of  the  original  incision.  Ribbons 
about  four  inches  long  remained  attached  at  their  cephalad  ends.  Free  ends  of 
ribbons  drawn  into  an  opening  in  the  stomach  near  attachment  of  gastro-colic 
omentum  and  sutured  to  mucosa  in  such  a  way  as  to  leave  a  round  tube  of  skin. 
Margins  of  ribbons  sutured  in  such  a  way  as  to  complete  this  tube.  Gastro-colic 
omentum  easily  wrapped  about  the  tube  and  sutured  to  the  abdominal  wall  to 
guard  against  leakage  and  to  help  furnish  lymph  circulation  for  the  tube  of  skin. 
Rubber  tube  left  within  the  skin  tube  with  one  end  in  the  stomach  and  the  other 
end  free  outside.  Wound  closed.  Operg^tion  performed  rapidly  and  it  seemed  to 
be  very  satisfactory  from  a  mechanical  point  of  view.  Patient,  too  feeble  to 
rally,  died  the  following  day. — When  occasion  presents  itself  for  repeating  the 
operation,  I  shall  dissect  up  a  strip  of  skin  four  or  five  inches  long  and  two  inches 
broad,  for  making  the  skin  tube,  instead  of  having  it  consist  of  two  ribbons  of  skin. 
So  far  as  I  can  judge,  this  skin  tube  can  be  carried  to  the  stomach  easily,  no  matter 
how  much  it  may  be  contracted  and  retracted;  and  the  operation  appears  to  be 
more  simple  than  the  classical  ones.  The  skin  tube  lies  obliquely  to  the  plane  of 
the  abdominal  wall  and  would  apparently  remain  closed  against  leakage  of  stomach 
contents,  and  at  the  same  time  would  allow  passage  of  the  feeding  tube." 

Dr.  Eugene  Bircher "  describes  a  plastic  operation  for  the  relief  of  stenosis  of 
the  oesophagus.  He  calls  it  "CEsophago-Jejuno-Gastrostomie."  The  operation 
was  performed  by  Professor  Roux  and  is  described  as  follows : — 
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A  piece  of  jejumnn  sufficiently  long  to  reach  from  the  stomach  to  the  mouth 
was  isolated  and  cut  off.  The  lower  (nid  was  implanted  into  the  stomach  and  the 
upper  end  was  carried  through  the  abdominal  wall.  The  skin  from  the  sternum 
was  underminetl  and,  opposite  the  upper  end  of  the  sternum,  an  opening  was  made 
in  the  skin  through  which  the  end  of  the  jejunum  was  drawn  out.  The  edges  of 
this  wound  were  sutiu'ed  to  this  free  end  of  the  jejunum.  Care  was  taken  in 
loosening  the  jejunum  to  secure  for  it  a  sufficient  blood-supply.  Food  was  intro- 
duced through  the  j(^jununi  into  the  stomach,  and  this  food  could  pass  out  into  the 
intestines  through  the  remaining  portion  of  the  jejunum  which  was  attached  to 
the  stomach. 

Kocher  attempted  to  use  this  method,  but  failed,  as  the  patient  was  advanced 
in  years  and  the  circulation  was  not  sufficient  to  supply  the  portion  of  the 
jejunum  which  was  to  be  transplanted.  It  was  consequently  necessary  to  make 
a  jejunostomy. 

Bircher  has  devised  another  operation  in  which  he  forms  a  subcutaneous 
oesophagus  out  of  a  portion  of  the  skin  of  the  chest  which  he  attaches  to  the  an- 
terior gastrostomy  opening.  The  operation  was  performed  twice  and  promised 
well,  but  the  patient  died  from  intercurrent  disease. 

Diverticula  of  the  (Esophagus. — Diverticula  of  the  oesophagus  are  pouch-like 
sacculations  of  a  portion  of  the  circumference  of  the  tube.  The  characteristic 
feature  of  a  true  diverticulum  is  to  be  found  in  the  fact  that  it  is  a  sharply  de- 
fined, pouch-like  protrusion  of  the  oesophageal  wall  lined  with  mucous  membrane. 

According  to  their  etiology  three  forms  of  oesophageal  diverticula  are  recog- 
nized :  pressure  diverticula,  traction  diverticula,  and  traction-pressure  diverticula. 
Traction  diverticula  seldom  produce  any  symptoms  by  which  they  may  be 
recognized  during  life,  and  they  are  only  occasionally  found  at  autopsy.  Traction 
diverticula  are  generally  the  result  of  the  traction  caused  by  the  shrinkage  of 
some  scar  tissue  attached  to  the  wall  of  the  oesophagus.  This  is  most  often  the 
result  of  softening  and  suppuration  of  mediastinal  and  bronchial  lymph  nodes, 
especially  in  tuberculosis  of  the  latter.  These  nodes  are  usually  situated  at  a 
point  near  which  the  oesophagus  crosses  the  left  bronchus.  They  are  commonly 
adherent  to  the  oesophagus,  and,  as  cicatrization  takes  place,  the  anterior  wall 
of  the  oesophagus  is  drawn  out,  thus  giving  rise  to  small  dilatations  of  the 
oesophagus,  as  first  described  by  Rokitansky.^^  Traction  diverticula  may  also 
result  from  the  spreading  of  an  inflammation  from  the  pleura  or  pericardium  to 
the  oesophagus  and  its  surrounding  areolar  tissue.  They  are  generally  small 
funnel-shaped  recesses,  and  their  walls  may  consist  of  all  the  tunics  of  the 
oesophagus  or  of  the  mucous  membrane  alone. 

Zenker  ^®  speaks  of .  the  direction  of  the  lumen  of  these  pouches  as  being 
practically  always  oblique  or  horizontal,  with  the  orifice  directed  downw^ard. 
This  direction  of  the  lumen  of  the  sac,  which  affords  only  a  slight  chance  for  the 
arrest  and  retention  of  food,  probably  explains  why  clinical  symptoms  are  so 
rarely  observed  in  pressure  diverticula. 

Although  traction  diverticula  are  generally  looked  upon  as  being  of  slight 
importance,  they  may  result  in  perforation  of  the  wall  of  the  diverticulum  and 
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thus  become  a  serious  menace  to  life.  When  perforation  takes  place  it  is  either 
from  some  sharp  foreign  body  becoming  lodged  within,  or  from  ulceration  caused 
by  pressure  of  retained  food.  When  death  results  from  a  traction  diverticulum, 
it  is  generally  due  to  the  fact  that  a  perforation  causes  an  infection  of  the  medias- 
tinum or  a  gangrenous  pneumonia.  There  are  on  record  a  few  cases  in  which 
particles  of  food  have  become  arrested  in  the  sac  and  have  caused  a  degree  of 
distention  which  has  eventually  resulted  in  the  formation  of  a  pressure  diver- 
ticulum. To  this  group  of  cases  Olkonamides"  has  given  the  name  "traction- 
pulsion  diverticula."  These  cases  are  of  clinical  importance  because  they  give 
rise  to  the  same  symptoms  as  do  those  which  are  primarily  caused  by  pressure. 
Regurgitation,  vomiting,  dyspnoea,  and  pain  from  pressure  when  the  diverticu- 
lum is  filled  with  food  are  symptoms  common  to  this  group  and  to  the  pressure 
diverticula. 

In  the  case  of  traction  diverticula  there  is  no  satisfactory  treatment,  even 
though  the  diagnosis  is  made  during  life.  The  treatment  is  limited  to  pro- 
phylactic measures,  such  as  avoiding  rapid  eating  and  drinking  and  limiting  the 
patient  to  a  liquid  and  soft  diet.  If  the  traction  diverticulum  becomes  a  traction- 
pressure  diverticulum,  death  from  inanition  is  the  usual  termination.  Relief  by 
means  of  surgical  measures  other  than  a  gastrostomy  is  unattainable  on  account 
of  the  deep  location  of  the  sac. 

Halsted,^*  for  convenience  of  description  and  because  of  the  difference  in 
the  clinical  importance  and  mode  of  development  and  the  variation  in  the  symp- 
toms produced,  classified  pressure  diverticula  as  follows: — 

(1)  Those  of  the  pharynx  proper. 

(2)  Those  at  the  pharyngo-oesophageal  junction  (the  border-line  cases  or 
Rosenthal's  ''Grenz-diverticula"). 

(3)  Diverticula  having  their  origin  in  the  middle  third  of  the  cesophagus, 
somewhere  near  the  bifurcation  of  the  trachea,  mostly  just  above  the  left  bron- 
chus (the  epibronchial  group  of  Leutgert). 

(4)  The  deep-seated  diverticula — those  in  which  the  origin  is  below  the 
level  of  the  left  bronchus,  while  the  fundus  is  located  a  variable  distance  above, 
but  usually  near,  the  diaphragm.  These  have  been  termed  "epiphrenal 
diverticula." 

The  diverticula  of  the  first  group  are  usually  on  the  lateral  aspect  of  the 
oesophagus  and  are  not  placed  posteriorly  as  are  those  of  the  pharyngo-oesopha- 
geal type.  Most  of  the  lateral  diverticula  of  the  oesophagus  are  of  congenital 
origin,  probably  originating  from  the  remains  of  the  third  and  fourth  branchial 
clefts. 

Trauma  may  be  an  important  factor  in  the  development  of  a  diverticulum  of 
the  pharynx.  Excessive  pressure  within  the  pharynx,  from  continued  blowing 
on  wind  instruments  or  from  shouting,  may — if  the  pharyngeal  wall  has  been 
weakened  from  previous  disease — result  in  the  formation  of  a  diverticulum. 
The  chief  symptoms,  in  diverticulum  of  the  pharynx,  are  cough  and  dyspnoea, 
both  of  which  symptoms  are  due  to  the  escape  of  the  contents  of  the  sac  into  the 
air  passages  and  also  in  part  to  the  pressure  exerted  upon  the  larynx  or  the 
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recurrent  larj'^ngeal  n(>r\'e.  As  a  rule,  the  crsophagus  is  not  obstructed  to  any 
marked  degree,  and  th(>  ]iatient  does  not  suffer  from  inanition,  as  hapjx'us  in 
cases  of  (rsophag(\d  diverticulum. 

The  pharyngo-d'sophagc^al  pressure  diverticulum,  which  is  also  known  as 
Zenker's  diverticulum,  is  the  most  common  and  the  most  important  from  a 
clinical  standpoint.  Diverticula  of  this  class  develop  exclusively  in  the  median 
line  posteriorly,  at  a  natural  defect  in  the  posterior  wall  of  the  oesophagus,  just 
below  the  pharyngo-cesophageal  opening.  The  origin  of  these  diverticula  has 
not  been  definitely  determined.  It  has  been  assumc^d  that  pressure  from  within. 
caused  by  regurgitation  of  food  or  by  severe  retching  and  vomiting,  may  result  in 
a  bulging  of  the  (Esophageal  wall  at  this  point.  Cases  have  been  reported  in 
which  the  symptoms  of  a  diverticulum  developed  soon  after  the  arrest  of  a  foreign 
body,  such  as  a  piece  of  bone,  in  this  portion  of  the  oesophagus.  The  accunmla- 
tion  of  food  at  this  point  may  result  in  a  pouch-like  dilatation,  which  at  first 
develops  posteriorly  and  later  is  dragged  to  one  side,  to  the  left,  the  fundus 
being  in  relation  to  the  lateral  wall  of  the  oesophagus.  As  the  diverticulum 
develops,  it  extends  downward  along  the  course  of  the  oesophagus  and  displaces 
the  latter  so  that  the  axis  of  the  pharynx  and  the  orifice  of  the  diverticulum  are 
in  a  fine,  thus  making  it  easy  for  the  food  to  enter  the  diverticulum.  The 
capacity  of  the  pouch  varies  from  a  few  cubic  centimetres  to  a  half-litre  or  more. 
In  the  early  stages  the  symptoms  may  be  only  slight,  such  as  dryness  and 
irritation  about  the  throat.  Later,  the  sensation  of  a  foreign  bod}^  may  be  pres- 
ent. As  the  sacculation  becomes  larger,  the  food  accumulated  in  the  sac  crowds 
its  wall  against  the  oesophagus  and  obstructs  the  lumen  of  the  latter. 

^^^en  this  stage  is  reached  there  will  be  difficult  deglutition  and  regurgitation 
of  food.  According  to  Sippy  ^^  a  tumor  is  discoverable  in  one-third  of  the  cases. 
This  may  be  situated  posteriorly  or  to  one  side  of  the  oesophagus,  but  rarely  on 
both  sides.  The  majority  of  the  patients  learn  that,  by  holding  the  head  in  a 
certain  position,  they  will  be  able  to  swallow .  others  learn  to  empty  the  sac  by 
making  pressure  upon  it  with  the  hand.  It  frequently  occurs  that  hours  are 
consumed  in  taking  a  meal.  In  some  cases  a  peculiar  gurgling  sound  is  heard 
during  the  act  of  swallowing.  In  most  cases  there  is  a  constant  retention  of 
particles  of  food  in  the  sac,  and  in  consequence  a  fetor  is  produced  which  may 
become  intolerable.  It  is  often  noticed  that  the  patient  can  swallow  better 
during  the  early  part  of  the  meal.  As  the  sac  fills,  it  crowds  upon  the  oesophagus 
and  obstructs  its  lumen. 

The  diagnosis  can  usually  be  made  from  the  above  symptoms.  The  history 
of  the  gradual  development  of  these  disturbances  and  the  regurgitation  of 
unaltered  food  should  always  arouse  suspicion  of  a  diverticulum.  If  a  tumor 
develops  in  the  neck  during  a  meal  and  can  be  emptied  by  pressure,  the  prob- 
ability that  a  diverticulum  exists  is  greatly  increased.  If  a  bougie  is  passed, 
it  is  usually  arrested  at  a  point  near  the  cricoid  cartilage.  If  the  bougie  is 
slightly  withdrawn  and  the  direction  of  its  point  changed,  it  ma}^  pass  on  into  the 
stomach.  It  frequently  happens  that  a  bougie  may  pass  readily  one  day  and 
not  the  next.     Occasionally,  when  a  bougie  has  passed  into  the  diverticulum,  a 
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second  bougie  may  at  the  same  time  be  passed  on  into  the  stomach.  This  would 
be  impossible  if  there  were  only  a  stenosis.  Bismuth  suspended  in  oatmeal 
gruel  may  be  administered  and  an  a;-ray  picture  taken.  If  the  sacculation  is 
sufficiently  marked  the  picture  will  show  the  location  and  approximate  size  of 
the  sac. 

Diverticula  which  are  situated  at  the  level  of  the  left  bronchus  are  rare  and 
are  known  as  the  epibronchial  diverticula  of  Leutgert.  This  authority  believes 
that  the  anatomical  relations  between  the  oesophagus  and  the  left  bronchus 
explain  the  origin  of  these  diverticula  at  this  point  and  also  account  for  the 
frequency  of  the  development  of  carcinoma  of  the  oesophagus  at  the  same  point. 
On  examining  specimens  of  the  oesophagus,  after  it  had  been  removed  with  the 
lungs  and  bronchi  intact,  Leutgert  found  that  there  is  a  distinct  bulging  of  the 
anterior  wall  of  this  tube  at  the  point  where  it  is  crossed  by  the  left  bronchus. 
Above  this  point  there  is  a  more  or  less  distinctly  marked  recess,  varying  in  differ- 
ent specimens  from  a  slight  depression  to  a  pocket  deep  enough  to  admit  the  tip 
of  a  finger.  He  believes  that  the  obstruction  caused  by  the  left  bronchus  is 
sufficient  temporarily  to  arrest  the  food,  and  that  the  presence  of  the  latter, 
especially  if  it  happens  to  form  an  abnormally  large  bolus,  may  deepen  this 
epibronchial  pocket  and  thus  lead  to  the  formation  of  a  diverticulum. 

Diverticula  of  the  lower  third  of  the  oesophagus  are  mostly  situated  just 
above  the  diaphragm,  and  for  this  reason  they  have  been  named  epiphrenal 
diverticula.  The  etiology  of  this  group  has  never. been  definitely  determined. 
The  supposition  is  that  some  of  these  are  traction-pulsion  diverticula,  although 
there  are  few  lymph  nodes  in  this  part  of  the  oesophagus.  Some  of  these  divertic- 
ula probably  owe  their  origin  to  a  constriction  of  the  oesophagus  at  a  point  where 
it  passes  through  the  diaphragm.  This  constriction  may  be  due  to  the  contrac- 
tion of  a  cicatrix  or  it  may  be  dependent  upon  a  congenitally  narrow  opening  in 
the  diaphragm. 

The  symptoms  of  the  deep-seated  diverticula  are  vomiting  or  regurgitation 
of  food  during  or  soon  after  the  meal.  After  vomiting,  the  patients  are  again 
able  to  resume  their  eating.  Occasionally  it  is  found  that,  after  eating  a  small 
quantity  of  food,  there  is  a  sense  of  weight  or  pressure  in  the  region  of  the 
sternum.  These  disturbances  slowly  increase;  larger  quantities  of  food  are 
vomited  and  less  food  enters  the  stomach,  so  that  the  patient  gradually  becomes 
emaciated. 

The  diagnosis  is  based  upon  the  clinical  history  and  upon  the  results  obtained 
by  an  examination  with  bougies.  For  this  purpose  a  bougie  with  a  curved  tip 
Hke  that  of  a  Mercier  catheter  is  most  convenient.  With  these  bougies  it  is 
usually  easy  to  pass  by  the  diverticulum  or,  by  turning  the  point,  to  enter  the 
sacculation.  It  is  also  easy  to  determine  whether  the  diverticulum  is  situated 
to  the  right  or  to  the  left.  A  bismuth  mixture  may  be  administered  and  an 
a:-ray  photograph  taken  for  the  purpose  of  determining  the  size  and  location  of 
the  diverticulum. 

The  treatment  of  oesophageal  diverticula  in  the  cervical  region  may  be  either 
non-operative  or  surgical.     The  non-operative  plan  "of  treatment  consists  in 
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the  persistent  use  of  sounds  and  stomach  tubes.  Permanent  iDenefit  to  the  pa- 
tient can  rarely  be  expected  by  this  method  of  treatment.  The  surgical  treatment 
consists  of  either  a  palliative  or  a  radical  operation.  The  palliative  procedure 
consists  in  performing  a  gastrostomy  to  secure  a  means  of  administering  food. 
When  the  patient  is  in  a  bad  general  condition,  it  may  be  ad\'isable  to  perform 
a  temi^orary  gastrostomy  in  order  to  make  it  possible  to  im{)rove  the  patient's 
general  condition  sufficiently  to  justify  the  performing  of  the  radical  operation. 
This  also  affords  a  method  of  administering  food  without  feecUng  by  the  mouth 
until  the  wound  in  the  oesophagus  has  healed.  Extirpation  of  the  sac,  as  first 
suggested  by  Kluge,  is  considered  the  best  method  for  effecting  a  pcmianent 
cure  of  this  condition.  The  chief  danger  from  the  operation  seems  to  be  from 
infection,  which  may  occur  from  the  contents  of  the  sac  during  its  removal  or 
from  leakage  from  the  oesophageal  wound  after  it  has  been  sutured.  The 
technique  of  the  operation  is  as  follow^s : — An  incision  is  made  along  the  anterior 
border  of  the  sterno-cleido-mastoid  muscle,  from  the  level  of  the  hyoid  bone  to 
the  clavicle.  The  oesophagus  is  now  reached  by  means  of  blunt  dissection.  No 
vessels  of  any  importance  are  encountered  except  the  superior  thyroid  and 
occasionally  the  inferior  thyroid.  Either  one  or  both  of  these  may  be  ligated. 
The  thyroid  gland  can  be  drawn  to  one  side  and,  if  not  enlarged,  it  will  not  be 
in  the  w^ay.  The  sac,  w^hen  located,  should  be  carefully  enucleated  like  that  of 
a  hernia.  The  most  important  step  in  the  operation  is  the  closing  of  the 
oesophagus  after  the  removal  of  the  diverticulum.  Probably  the  best  method 
is  the  one  employed  in  suturing  the  edges  of  an  intestinal  wound.  Accorchng 
to  this  method,  the  mucosa  is  first  sutured,  then  the  muscular  coat,  and  finally 
the  adventitia,  catgut  being  used  for  the  first  two  layers  and  silk  for  the  last. 
Halsted,  after  considering  all  the  various  methods  of  suturing  the  opening  in 
the  oesophagus,  expresses  the  belief  that  the  most  satisfactoiy  result  will  be 
obtained  if  the  following  course  is  adopted: — First,  pass  a  purse-string  stitch 
around  the  neck  of  the  sac;  second,  apply  (distal  to  this)  a  temporary  ligature 
to  the  neck  of  the  sac;  third,  perform  abscission  of  the  sac  beyond  the  temporary 
ligature;  fourth,  invaginate  the  end  of  the  stump  and  tie  the  purse-string 
suture;  fifth,  introduce  Lembert's  sutures  of  catgut  into  the  neck  of  the  sac; 
and,  sixth,  close  the  defects  in  the  muscular  wall  of  the  oesophagus  by  sutures. 

It  is  advisable  to  drain  the  wound  by  carrying  a  piece  of  iodoform  gauze  or 
a  cigarette  drain  from  the  oesophageal  suture  out  through  the  skin  incision. 

Girard  -*'  devised  an  operation  for  the  radical  cure  of  those  diverticula  of  the 
oesophagus  which  have  small  or  medimn-sized  sacs.  The  operation  consists  in 
cutting  dowTi  upon  the  oesophagus,  enucleating  the  diverticulimi,  invaginating 
the  sac  into  the  oesophagus,  and  closing  the  defect  in  the  muscular  wall  by 
suturing.  He  operated  upon  two  patients  by  this  method.  In  one  case  an 
ideal  result  was  obtained ;  in  the  other,  a  fistula  followTd,  but  it  healed  in  a  short 
time. 

Goldmann  -^  describes  an  operation  for  the  cure  of  diverticulmn  of  the  oesopha- 
gus which  seems  to  merit  especial  attention.  He  introduces  a  probe  into  the 
diverticulum  and  makes  an  incision  along  the  anterior  portion  of  the  stemo- 
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cleido-mastoid  niiisclc.  Then  he  elevates  the  exposed  porticjii  of  the  thyroid 
gland  and  removes  it  if  it  is  enlarged.  He  next,  with  the  aid  of  the  guide  in 
the  diverticulum,  dissects  out  the  latter  very  carefully  without  disturbing  its 
attachment  to  the  oesophagus.  Then  he  draws  out  the  sac  into  the  upper  angle 
of  the  wound,  and  temporarily  attaches  its  end  to  the  skin  with  fine  sutures, 
after  it  has  been  ligated  with  catgut  ligatures  at  its  entrance  into  the  fpsophagus. 
Finally,  he  tampons  the  wound  in  the  immediate  vicinity  of  the  diverticulum 
and  closes  the  remainder  of  the  wound.  A  week  later,  the  gauze  tampon  is 
removed  and  the  diverticulum  is  cut  off  outside  of  the  catgut  ligature.  The 
entire  wound  is  by  this  time  lined  by  protective  granulations,  so  that  even  if 
there  be  a  slight  leakage,  as  in  the  case  of  the  patient  described,  this  will  do  no 
harm,  because  there  can  be  no  absorption  and  because  drainage  is  then  necessary. 
The  drainage,  however,  may  be  removed  as  soon  as  it  is  certain  that  there  will  be 
no  leakage. 

The  treatment  of  the  epibronchial  diverticula  and  the  diverticula  located 
just  above  the  diaphragm  is  unsatisfactory.  Irrigation  with  some  mild  anti- 
septic solution  will  prevent  irritation  and  ulceration  of  the  mucous  membrane. 
These  irrigations  and  the  passage  of  bougies  often  afford  considerable  relief. 

Idiopathic  Dilatation  of  the  (Esophagus. — By  idiopathic  dilatation  of  the 
oesophagus  is  meant  a  dilatation  with  no  ascertainable  organic  cause.  The 
oesophagus  usually  becomes  dilated  throughout  a  large  portion  of  its  extent; 
sometimes  it  is  involved,  practically  throughout  its  entire  length,  in  a  spindle- 
shaped  or  cylindrical  dilatation.  Our  lack  of  knowledge  of  the  etiology  of  this 
condition  is  indicated  by  the  variety  of  the  names  under  which  the  cases  have 
been  reported — cardiospasm;  idiopathic,  fusiform,  or  diffuse  dilatation;  and 
dilatation  without  anatomical  stenosis.  Herrick,"  in  writing  upon  this  subject, 
quotes  Lassen  as  grouping  the  pathogenesis  of  the  condition  under  the  following 
five  heads : — 

(1)  There  may  be  primary  spasm  of  the  cardia,  with  secondary  dilatation 
of  the  oesophagus  above  the  spasm  and  hypertrophy  of  musculature — conditions 
very  similar  to  those  encountered  in  the  stomach,  where  we  have  dilatation  of 
that  organ  following  obstruction  of  the  pylorus. 

(2)  Primarily,  we  may  have  a  predisposition  to  muscular  weakness,  a  con- 
dition of  atony  allowing  stagnation  of  food  to  occur;  next,  dilatation;  and  then, 
through  irritation,  spasm  of  the  cardia.     This  view  is  held  by  Sorenheim. 

(3)  A  third  view  is  that  advanced  by  Kraus.  According  to  him,  there  has 
been  found,  in  experiments  on  lower  animals,  that  contraction  of  the  cardia, 
with  relaxation  of  the  circular  fibres  of  the  oesophagus,  may  take  place  through 
defective  vagus  innervation.     He  believes  that  the  same  thing  may  occur  in  man. 

(4)  A  fourth  view  is  that  of  primary  oesophagitis  with  secondary  reflex  spasm 
of  the  cardia  and,  later,  dilatation. 

(5)  There  is  found,  at  times,  as  a  congenital  condition,  a  pouch  just  above 
the  cardia.  This  pouch,  which  is  spoken  of  sometimes  as  the  Vormagen,  or  car- 
diac antrum,  may,  through  an  accumulation  of  food,  or  under  the  constant  press- 
ure of  food,  dilate;  and  this  influence  may  serve  as  the  basis  for  the  dilatation. 
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Probably  no  one  of  the  agencies  referred  to  in  these  theories  is  entirely 
responsible  for  the  condition.  It  is  possible  also  that  several  of  these  factoi-s 
might  act  in  combination  to  produce  this  condition  in  a  given  case.  Clinically, 
so  far  as  we  can  judge  from  the  history  of  these  cases,  a  definite  spasm  of  the 
cardia  seems  to  be  one  of  the  earliest  manifestations  of  dilatation  of  the  oesopha- 
gus. Plummer.-^  from  a  study  of  the  histories  in  a  large  number  of  cases,  founiJ 
that  spasm  was  almost  invariably  present  at  the  outset,  and  that  this  sjTnptom 
was  followed,  at  a  later  period,  by  the  evidence  of  dilatation — that  is,  by  retention 
of  food  in  the  oesophagus.  He  considei-s  this  the  most  convincing  evidence  that 
the  spasm  precedes  the  dilatation,  and  that  primary  atony  is  relatively  a  rare 
condition.  The  fact  that,  earlv  in  these  cases,  there  is  evidence  of  muscular 
hypertrophy  in  nearly  all  cases  which  have  come  to  a  post-mortem  examination 
would  speak  again.st  primary  atony,  and  furnish  further  e\'idence  in  favor  of 
primary  spasm.  There  seems  to  be  no  reason  why  spasm  should  occur  in 
primaiy  atony  imless  we  accept  Kraus'  theoiy  of  a  simultaneous  atony  and 
spasm  from  degenerative  changes  in  the  vagus.  His  theoiy  rests  upon  the 
finding  of  degenerated  fibres  in  the  vagus  in  one  case  in  which  an  autopsy  was 
made.     His  obseixations  have  not  been  confirmed. 

The  cause  of  the  spasm  is  a  matter  of  speculation.  In  the  majority  of  the 
cases  a  definite  etiological  factor  cannot  be  found.  In  a  few  of  the  cases  reported 
there  were  gross  lesions  of  the  oesophagus,  such  as  ulcers,  fissures,  and  carcinoma 
of  both  the  cardia  and  the  stomach.  Plimimer  has  foimd  three  cases  of  car- 
cinoma complicated  by  cardiospasm,  and  one  case  of  hour-glass  stomach  due  to 
syphilis  with  secondaiy  cardiospasm.  In  his  study  of  forty  cases  of  cardiospasm, 
only  three  of  the  cases  had  neurasthenic  s^Tiiptoms :  and  e\'idence  of  the  existence 
of  oesophagitis  pre^-ious  to  the  onset  of  the  cardiospasm  could  not  be  elicited  from 
any  of  them. 

Sippy  states  that  "the  spasm  is  on  a  nervous  ba.sis:  hence  the  condition  is 
likely  to  be  found  in  nervous  indi^'iduals.■■  This  s}'mptom  has  developed  after 
profound  emotional  disturbances,  such  as  fright,  grief,  and  worn,-.  In  one, case 
reported,  the  difficulty  m  swallowing  followed  the  suppression  of  menstruation; 
the  patient  feared  that  she  was  pregnant.  A  blow  on  the  stemiun  was  the 
exciting  cause  of  the  spasm  in  another  case.  The  condition  has  developed 
during  the  course  of  an  acute  infectious  disease — such,  for  example,  as  pneu- 
monia and  scarlet  fever.  A  case  of  congenital  origin  has  been  reported.  The 
s}iiiptoms  of  cardiospasm  may  be  divided  into  three  stages:  fii-st,  cardiospasm 
^\-ith  some  difficulty  in  swallowing,  but  no  regurgitation  of  food;  second,  cardio- 
spasm with  immediate  regurgitation  of  food;  third,  cardiospasm  with  the  dilated 
oesophagus,  with  retention  of  food  m  its  dilated  portion,  and  with  regurgitation 
of  this  food  at  irregidar  inter\^als  after  taking. 

In  the  majority  of  cases  the  fii-st  attack  of  spasms  occurs  suddenly  while 
eating.  A  spasmodic  choking  sensation  is  experienced  at  some  point  along  the 
course  of  the  oesophagus,  most  often  located  in  the  region  of  the  cardia.  This 
sensation  is  rarely  described  as  a  pain  and  may  be  referred  entirely  to  the  epigas- 
tric region  or  to  the  upper  portion  of  the  oesophagus.     Sometimes  the  spasm  is 
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described  as  a  delay  in  the  passage  of  food,  or  it  is  said  that  the  food  sticks  beneath 
the  sternum.  Soon  it  is  noticed  that  the  patient  eats  very  slowly  and  finds  it 
difficult  to  swallow.  It  may  be  necessary  to  wash  the  food  down  with  water. 
The  patient  may  go  through  certain  movements  of  the  body  and  arms,  or  take 
deep  breaths,  in  order  to  force  the  food  down. 

In  the  second  stage  the  regurgitation  of  food  occurs  immediately  after 
swallowing.  During  the  early  portion  of  the  progress  of  the  affection  the  attacks 
occur  periodically,  but  with  varying  degrees  of  intensity,  and  with  remissions  or 
intermissions  covering  days,  weeks,  months,  or  years.  The  affection  pursues 
its  slow^  and  unmodified  course.  As  the  cardiospasm  becomes  more  complete, 
the  regurgitation  of  the  food  and  the  secretions  of  the  oesophagus  come  on  more 
frequently  and  more  regularly. 

In  the  third  stage,  after  dilatation  is  established,  the  spasmodic  choking 
sensation  may  be  absent.  The  patient  is  able  to  take  the  first  portion  of  his 
meal  quite  comfortably,  but  the  food  is  retained  in  the  dilated  oesophagus  instead 
of  passing  on  into  the  stomach.  After  the  sac  is  filled,  further  food  is  regurgitated 
or  forces  some  of  the  preceding  portion  into  the  stomach.  Of  the  contents  of 
the  oesophagus  at  the  close  of  a  meal,  the  more  fluid  portion  may  gradually  slip 
through  into  the  stomach.  The  solid  food  with  mucus  is  usually  regurgitated 
later  at  irregular  intervals.  Solid  food  like  meats  may  remain  in  the  oesophagus 
for  several  days.  Plummer  states  that  the  sac  never  completely  empties  itself 
and  that  on  many  occasions  he  has  withdrawn  from  two  to  sixteen  ounces  of 
food  after  the  patient  has  fasted  for  from  twenty-four  to  thirty-six  hours.  The 
regurgitation  of  food  is  often  looked  upon  as  vomiting  both  by  the  patient  and 
by  the  physician.  Some  patients  insist  that  the  food  enters  the  stomach  but 
will  not  stay  there,  while  others  state  that  it  lodges  beneath  the  sternum.  Prac- 
tically all  of  them  complain  of  a  sense  of  weight  and  discomfort  in  the  chest  and 
they  also  declare  that  the  regurgitated  food  is  not  sour. 

The  diagnosis  of  cardiospasm  is  apt  to  be  difficult  in  the  beginning,  especially 
in  patients  who  might  be  suspected,  on  account  of  their  age,  to  be  suffering  from 
carcinoma  of  the  cardia.  But,  in  advanced  cases,  the  diagnosis  should  not  be 
diflficult.  Generally,  the  diagnosis  can  be  premised  from  the  history.  Accord- 
ing to  this,  the  patient,  without  previous  warning,  experiences  sudden  difficulty 
in  swallowing,  or  he  unconsciously  gets  into  the  habit  of  nibbling  his  solid  food 
and  following  each  act  of  deglutition  with  a  swallow  of  water.  At  first,  liquids 
are  often  swallowed  with  greater  difficulty  than  solids.  After  dilatation  has 
taken  place  the  obstruction  is  observed  just  as  markedly  when  liquids  as  when 
solids  are  swallowed. 

Holmes  ^^  states  that  "when  dysphagia  occurs  with  a  liquid,  especially  with 
cold  water,  it  is  almost  diagnostic  of  cardiospasm  as  opposed  to  stricture  from 
any  other  cause." 

Dysphagia  is  a  most  common  symptom,  but  the  difficulty  in  swallowing 
usually  fluctuates  more  than  it  does  when  the  stricture  is  due  to  organic  disease. 
Normally,  immediately  after  swallowing  food  or  drink,  the  oesophagus  will  be 
found  empty.     '\'\Tien  cardiospasm  is  present  a  considerable  quantity  of  liquid 
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containing  food  particles  and  mucus  may  be  withdrawn  from  the  oesophagus 
even  hours  after  food  or  drink  is  taken.  In  one  of  Sippy's  cases  500  c.c.  of  water 
could  be  aspirated  from  the  oesophagus  several  minutes  after  it  had  been  swal- 
lowed. The  stenosis  was  so  impervious  to  lifjuids  that  one  ounce  of  olive  oil 
given  at  night  was  recovered  from  the  oesophagus  the  next  morning  practically 
wdthout  the  loss  of  a  drop,  and  yet  the  lower  end  of  the  oesoiDkhagus  presented  no 
anatomical  narrowing. 

An  important  diagnostic  feature  is  to  be  found  in  the  fact  that  there  may  be 
little  or  no  obstruction  to  the  passage  of  a  bougie,  even  in  cases 
in  which  a  large  quantity  of  food  is  retained  in  the  oesophagus. 
In  the  average  case,  when  a  sound  is  passed,  it  will  be  tempo- 
rarily arrested  at  the  cardia,  and  then,  when  slight  pressure  is 
made,  it  will  pass  on  into  the  stomach.  A  large  bougie  will 
often  pass  as  easily  as  a  small  one.  This  is  not  true  in  case  of  an 
organic  stricture.  For  these  cases  Plummer  has  devised  an  olive- 
tipped  bougie  W'hich  may  be  passed  on  a  silk  thread  as  a  guide. 
(Fig.  182).  The  patient  slowly  swallows  six  yards  of  silk  thread. 
This  passes  down  through  a  sufficient  number  of  coils  of  intestine 
to  prevent  its  withdrawal  when  it  is  pulled  taut.  Plummer 
has  the  patient  swallow  three  yards  in  the  afternoon  and  three 
yards  on  the  follo^dng  morning.  In  this  manner  the  first  por- 
tion foiTiis  a  snarl  in  the  oesophagus  or  stomach  and  then  passes 
out,  in  this  snarled  state,  into  the  intestines  during  the  night; 
the  remaining  portion  passes  afterward  without  snarling.  The 
olive-shaped  tips  for  threading  on  this  string  are  drilled  from 
the  tip  to  one  side  of  the  base.  The  olive-shaped  tip,  after 
being  fastened  on  the  end  of  a  whalebone  staff,  is  threaded  upon 
the  silk  thread  protruding  from  the  mouth.  The  string  is  now 
pulled  taut  as  the  sound  is  passed  on  down  the  oesophagus. 
The  silk  thread,  acting  as  a  guide,  directs  the  bougie  straight 
into  the  orifice  at  the  cardia,  and  thus  the  resistance  which  is 
encountered  when  the  olive-shaped  tip  is  made  to  slide  along  the  flaring  w^all 
of  the  oesophagus,  or  when  it  has  to  straighten  out  some  fold  just  as  it  is 
about  to  enter  the  cardia,  is  avoided.  The  character  of  the  resistance  met 
with  at  the  cardia  is  of  the  utmost  importance  in  the  differential  diagnosis  of 
organic  and  spasmodic  stricture  of  the  cardia. 

Excitement,  overwork,  and  worry  are  apt  to  increase  the  spasm.  The  patient 
frequently  awakes  at  night  and  finds  food  upon  the  pillow  or  finds  his  mouth 
and  posterior  nares  filled  with  contents  of  the  oesophagus.  In  organic  stricture 
the  retention  of  food  and  mucus  is  slight  in  comparison  with  what  it  may  be  as 
the  result  of  cardiospasm.  A"-ray  pictures  of  the  dilated  oesophagus  may  be 
obtained  by  having  the  patient  swallow  bismuth  subnitrate  (suspended  in  oatmeal 
gruel)  until  the  choking  sensation  occurs.     Then  the  photograph  should  be  taken. 

It  happens  very  rarely  that  a  diverticulum  is  the  cause  of  an  obstruction  at 
the  cardia.     There  should  therefore  seldom  be  anv  difficulty  in  differentiating 
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the  condition  from  cardiospasm.  Rumpel's  differential  test  consists  of  first 
introducing  into  the  stomach  a  stomach  tube  with  lateral  perforations  in  its 
lower  half;  then  another  tube,  without  perforations,  is  passed  into  the  diver- 
ticulum. Water  is  now  introduced  through  the  tube  supposed  to  be  in  a  diver- 
ticulum. The  first  fluid  collects  in  the  diverticulum  and  does  not  pass  through 
the  other  tube  into  the  stomach.  ^^Tlen  more  fluid  is  introduced  and  the 
diverticulum  is  full  and  overflows,  the  fluid  passes  through  the  long  tube  into 
the  stomach  and  can  be  recovered  from  that  point.  Thecon  tents  of  the  diver- 
ticulum can  be  removed  separately  through  the  short  tube.  If  one  is  dealing 
with  uniform  dilatation  of  the  oesophagus,  the  fluid  at  once  escapes  from  the 
short  tube  into  the  oesophagus  and  then  through  the  long  tube  into,  the  stomach 
and  can  be  recovered  from  that  point. 

To  complete  the  diagnosis  of  cardiospasm  an  oesophagoscopic  examination 
should  be  made. 

Forcible  dilatation  is  the  best  method  of  treating  cardiospasm.  Until 
recently  the  treatment  of  cardiospasm  has  consisted  of  such  ineffectual  measures 
as  the  following:  looking  after  the  patient's  general  condition;  placing  the 
patient  under  the  best  hygienic  conditions;  restricting  the  diet  to  fluid  non- 
irritating  substances;  prescribing  effervescent  drinks;  administering  sedatives; 
passing  large  bougies;  and,  as  a  last  resort,  performing  a  gastrostomy.  The 
passing  of  bougies  has  been  followed  by  good  results  in  some  cases,  but,  if  there 
is  much  dilatation  of  the  oesophagus,  such  results  are  only  temporary.  It  is 
impossible  actually  to  stretch  the  orifice  by  passing  sounds,  because  one  cannot 
pass  a  bougie  large  enough  to  produce  actual  stretching  of  the  muscle  fibres. 
Other  means  have  been  devised  for  stretching  the  cardia.  Rosenheim  and 
others  have  used  rubber  bags  which  were  introduced  as  far  as  the  seat  of  the 
stricture  and  then  distended  with  fluid  or  air.  When  the  bag  was  distended, 
expansion  took  place  at  the  points  of  least  resistance, — that  is,  downward  into 
the  stomach  and  upward  into  the  dilated  oesophagus, — and  consequently  very 
little  stretching  occurred  at  the  desired-  point.  This  method,  how^ever,  gave 
better  results  than  did  the  passing  of  sounds.  Mikulicz  ^  reports  that  he  has 
operated  upon  four  cases,  apparently  with  perfect  success.  He  performed  a 
gastrostomy  and  then  passed  an  instrument  resembhng  a  uterine  dilator  through 
the  stomach  into  the  cardia.  The  instrument  was  gradually  opened  until  the 
blades  were  separated  to  a  distance  of  about  7  cm.  (nearly  3  inches).  Two 
of  the  cases  were  perfectly  well  at  the  end  of  eighteen  months  and  two  others 
at  the  end  of  rather  more  than  nine  months.  Mikulicz's  idea  in  employing 
such  forcible  dilatation  of  the  cardia  was  to  produce  an  effect  similar  to  that 
produced  in  stretching  any  sphincter  to  a  point  productive  of  paralysis.  This 
grave  operation  is  justified  only  when  the  condition  is  serious  and  when  equally 
good  results  cannot  be  obtained  by  simpler  means.  In  the  majority  of  cases 
forcible  dilatation  can  be  accomplished  from  above  without  the  aid  of  a  cutting 
operation. 

Sippy  has  constructed  a  dilator  consisting  of  a  rubber  bag  which  is  about  10 
cm.  long  and  is  encased  in  a  silk  bag  that  limits  the  distention  produced.     ^Vhen 
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the  bag  is  inihitecl  the  eireiiiiifereiice  measures  about  15  em.  (6  iiiehes).  With 
this  bag  the  maximum  pressure  is  ex(>rted  at  the  desired  point.  The  silk  eover- 
ing  is  encased  in  a  rubber  cover  to  prevent  friction.  A  long  non-elastic  rubber 
tube  is  attached  to  the  bag  at  one  end  and  connected  with  an  air  pimip  at  its 
other  end.  It  is  essential  to  measure  the  amount  of  pressure  exerted  within 
the  bag  during  the  dilatation,  and  this  is  accomplished  b}^  connecting  a  column 
of  mercury  with  the  tube  that  passes  from  the  bag  to  the  pump.  The  exact 
distance  of  the  cardia  from  the  incisor  teeth  is  measured  by  a  bougie.  The  bag, 
in  a  collapsed  condition,  is  carried  down  into  the  cardia  by  means  of  a  whalebone 
staff.  The  dilatation  is  now  accomplished  by  distending  the  bag  with  air.  The 
cardia  will  stand  a  pressure  of  500  mm.,  but  Sippy  has  found  that  a  pressure 
of  from  100  to  300  mm.,  exerted  for  a  period  of  three  minutes,  suffices  in  most 
cases  to  accomplish  the  object  desired.  The  number  of  dilatations  rec|uisite 
ranges  from  one  to  ten.  This  method  of  treatment  is  used  without  the  aid  of 
an  anaesthetic. 

The  immediate  results  obtained  from  this  method  of  treatment  are  most 
striking. 
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SURGICAL    DISEASES    OF    THE   DIAPHRAGM,    AND 
SUBPHRENIC   ABSCESS. 

By  J.  CHARLES  REEVE,  Jr.,  M.D.,  Dayton,  Ohio. 


I.   GROSS  ANATOMY. 

Surgical  anatomy  will  first  claim  a  few  words.  In  forced  expiration  the 
right  arch  is  on  a  level,  in  front,  with  the  fourth  costal  cartilage ;  on  the  side,  with 
the  fifth,  sixth,  and  seventh  ribs;  and  behind,  with  the  eighth.  This  is  2  cm. 
higher  than  the  left  arch.  In  a  forced  inspiration  it  descends  for  a  distance  of 
from  2 J  to  5  cm.  A  small  defect  in  the  muscular  tissue  exists  between  the 
attachment  to  the  xiphoid  process  and  the  neighboring  cartilage.  This  area 
might  be  used  as  a  place  of  drainage  between  the  anterior  mediastinum  and  the 
abdominal  cavity. 

The  relations  of  the  peritoneum  to  the  diaphragm  are  of  the  utmost  im- 
portance, as  we  shall  see  under  Subphrenic  Abscess,  and  we  therefore  think  it 
advisable  to  give  here  Godlee's  review  of  these  relations.  {Brit.  Med.  Jour., 
1900,  II.)  A  considerable  portion  of  the  diaphragm  is  not  covered  by  the 
peritoneum.  On  the  right  side  it  is  completely  in  contact  with  other  struc- 
tures without  the  intervention  of  this  membrane,  except  in  front  of  the  anterior 
layer  of  the  right  lateral  ligament  of  the  liver  and  for  a  small  part  of  the  right 
crus  corresponding  to  the  Spigelian  lobe,  which  is  covered  by  the  posterior  layer 
of  the  lesser  omentum.  The  latter  touches  also  a  small  portion  of  the  left  crus, 
reaching  outward  to  the  inner  edge  of  the  suprarenal  capsule  and  upward  as 
far  as  the  commencement  of  the  gastro-hepatic  omentum.  The  remainder  of 
the  left  side  is  covered  by  the  peritoneum  only  above  and  in  front  of  the 
gastro-splenic  omentum  and  the  flexure  of  the  colon — in  other  words,  in  front 
of  a  line  nearly  corresponding  to  the  outer  border  of  the  kidney.  But  from  the 
parts  usually  described  as  covered  by  the  peritoneum  two  narrow  portions  must 
be  excluded:  one  that  runs  outward  from  the  middle  line  and  corresponds  to 
the  left  lateral  ligament  of  the  liver  (which  hgament  extends  to  the  lower 
border  of  the  left  lobe  near  the  back) ;  and  a  second  one  which  runs  forward 
from  the  same  point  and  corresponds  to  the  upper  attachment  of  the  falciform 
ligament.  The  structures  in  actual  contact  with  the  under  surface  of  the  dia- 
phragm are :  near  the  middle  line,  behind,  the  right  crus,  the  head  of  the  pan- 
creas; to  the  right  of  this,  the  vena  cava  and  the  right  renal  vein,  separating 
the  right  crus  from  the  second  portion  of  the  duodenum;  and,  to  the  left  of  it, 
the  cardiac  end  of  the  stomach.  Each  suprarenal  capsule  touches  the  diaphragm 
above  the  internal  arcuate  ligament.     The  remainder  of  the  right  side  of  the 
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diaphragm  is  in  contact  with  the  hvor,  while  the  remainder  of  the  left  side  of 
that  structure  touches  part  of  the  left  lo])e  of  the  liver,  a  portion  of  the 
stomach,  the  convex  ])osterior  surface  of  the  spleen,  and  the  splenic  flexure  of 
the  colon.  Of  the  kidneys,  the  portion  which  is  in  contact  with  the  diaphragm 
is  the  upper  part  of  the  posterior  surface;  of  the  stomach,  it  is  a  part  of  the 
left  end — an  area  of  peculiar  shape. 


II.   HISTOLOGY. 

Lymphatics. — The  lymphatics  of  the  diaphragm  are  of  great  importance,  not 
so  much  because  the  organ  is  rich  in  these  vessels  as  because  they  are  the 
means  by  which  infection  is  carried  from  the  under  to  the  upper  surface,  or 
vice  versa.  Each  lateral  half  of  the  diaphragm  has  a  distinct  system  of 
lymphatics,  one  of  the  peculiarities  of  which  is  that  it  possesses  only  a  few 
vessels  of  intercommunication.  (Kiittner,  German  Cong,  of  Surg.,  1903.) 
These  vessels  are  in  quite  direct  communication  with  various  viscera  above 
and  below  the  organ,  but  in  particular  with  the  pleura  above  and  with  the 
parietal  peritoneum  and  the  liver,  through  the  falciform  ligament,  below. 

Muscatello,  in  1895,  showed  that  fluids  and  solids  may  pass  through  the 
endothelial  layer  of  the  peritoneum — fluids  in  many  places,  the  solid  particles 
only  through  the  spaces  of  the  central  tendon  of  the  diaphragm.  Experimenting 
with  carmine,  etc.,  Clark  (Jour.  Am.  Med.  Asso.,  Aug.  10th,  1901)  found  that  his 
results  were  in  entire  accord  with  Muscatello's  statements  in  regard  to.  the  rapidity 
of  transportation  of  granules  and  the  routes  which  they  took.  Shortly  after 
the  injection  of  the  pigments  the  central  tendon  of  the  diaphragm,  which  nor- 
mally has  the  appearance  of  ground  glass,  becomes  intensely  colored  through 
the  deposition  of  the  granules  in  the  diaphragmatic  lymph  spaces. 

The  important  question  as  to  the  manner  in  which  infection  is  taken  up 
by  the  lymphatics  and  transferred  from  the  abdominal  cavity  to  the  upper  sur- 
face of  the  diaphragm  has  received  a  number  of  conflicting  explanations,  but 
has  finally  been  most  thoroughly  worked  out  by  McCallum  (Johns  Hopkins  Hos- 
pital Bulletin,  Vol.  XIV.,  p.  146,  May,  1903),  and  we  shall  here  make  free  use 
of  his  experiments  and  delicate  plates.  As  to  the  mechanism  of  the  entrance 
of  fluids  into  any  of  these  (lymphatic)  channels  by  direct  filtration,  under  the 
laws  of  osmosis  and  mechanical  pressure,  it  is  easily  understood.  It  is  not, 
however,  so  easy  to  explain  the  method  by  which  insoluble  granules  gain 
entrance.     That  they  do  so  with  great  rapidity  has  been  long  known. 

There  have  prevailed  two  ideas  concerning  the  openings  in  the  peritoneum. 
According  to  one  view  the  so-called  stomata  are  openings  of  considerable  size, 
surrounded  more  or  less  regularly  by  a  radial  arrangement  of  cells;  according 
to  the  other,  the  stigmata  with  which  the  name  of  Arnold  has  been  frequently 
associated,  are  conceived  of  as  much  more  minute  openings,  which  may  occur 
along  the  line  of  union  of  two  adjacent  epithelial  cells  or  at  the  point  of  union 
of  several.     Although  the  diaphragmatic  peritoneum  is  not  the  only  part  of  the 
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peritoneum  engaged  in  absorption,  it  is  generally  agreed  that  it  is  the  most 
actively  absorbing  poi'tion.  In  order  to  comprehend  the  mechanism  of  absorp- 
tion it  is  necessary  to  study  especially  the  minute  anatomical  relations  of  the 
lumina  of  the  lymphatic  channels  on  that  side  of  the  diaphragm  which  faces 
the  so-called  cavity  of  the  peritoneum.  It  will  readily  be  seen  that  the  crucial 
point  is  the  demonstration  of  the  entrance  of  the  granules  into  the  lumina, 
for,  once  they  are  within  the  lymphatic  channel,  their  transportation  to  the 
pleural  side  of  the  diaphragm  is  an  easy  matter  to  understand.  Passing  through 
the  diaphragm  are  short  lymphatic  trunks' which  connect  the  network  on  the 
pleural  surface  with  that  on  the  peritoneal.  On  this  surface  muscle  bundles 
run  for  the  most  part  parallel  with  one  another  and  also  to  some  extent  radially, 
being  separated  by  connective  tissue  in  which  lie  the  lymphatic  canals.  These 
canals,  which  also  run  partly  in  parallel  and  to  a  less  extent  in  radial  directions, 
receive  the  communicating  canals  from  the  pleural  surface.  They  are  somewhat 
beaded  or  bulged  along  their  course,  but  it  has  not  yet  been  determined  whether 
they  are  or  are  not  provided  with  valves  (as  are  those  of  the  pleural  side,  viz., 
with  long  filmy  valves).  They  project  a  little  above  the  muscle  into  the  over- 
lying connective  tissue  on  the  peritoneal  side.  The  bundles  of  this  connective- 
tissue  layer  are  in  general  parallel  with  one  another,  but  diverge  here  and  there 
to  leave  lozenge-shaped  spaces  which  in  man  often  measure  from  2  to  3  mm.  in 
length.  The  connective -tissue  bundles,  and  therefore  also  these  spaces,  run  in 
a  direction  transversely  or  obliquely  across  the  radially  arranged  muscle  fibres. 
Now  the  parallel  lymphatic  canals  are  most  abundantly  connected  by  anas- 
tomosing channels  which  run  obliquely  or  transversely  across  the  intervening 
muscle  bundles  and  lie  generally  nearer  the  peritoneum  than  the  radial  trunks 
themselves.  In  general,  all  of  these  anastomosing  channels  open  into  the  radial 
trunks  by  exceedingly  wide  and  numerous  openings,  so  that  there  is  the  freest 
possible  intercommunication.  In  their  arching  course  they  come  to  lie  in  the 
spaces  between  the  connective-tissue  fibres  of  the  layer  overlying  the  muscle,  that 
is,  in  the  lozenge-shaped  spaces,  and  here  they  are  separated  from  the  peritoneal 
cavity  by  onty  an  extraordinarily  thin  layer  of  tissue.  (Fig.  183.)  These  anas- 
tomosing sac-like  channels  are  easily  seen  with  the  naked  eye.  They  appear  as 
clear  areas,  generally  a  little  sunken  below  the  surrounding  tissue,  but  when 
distended  they  are  elevated  above  the  surroundings  and  appear  as  tiny  vesicles. 
When  granular  matter  is  injected  into  the  peritoneal  cavity  it  is  found  on 
examination,  after  a  time,  that  these  blind  sacs — lacunae,  we  will  call  them — 
are  injected  with  this  material  and  from  them  we  can  trace  it  into  anastomosing 
trunks  of  the  pleural  network,  into  the  efferent  trunks,  and  then  very  readily 
into  the  mediastinal  lymph  nodes  (and  thence  to  the  subclavian  vein). 
Where  actual  entrance  of  the  pigment  into  the  lacunae  has  not  yet  occurred, 
it  is  found  deposited  almost  exclusively  upon  their  roofs.  It  is  also  found  that 
when  the  lacunse  lie  between  the  connective-tissue  bundles  and  are  thus  situated 
obliquely  or  transversely  over  the  muscles,  they  are  themselves  traversed  by 
finer  fibrils  which  cross  them  obliquely  and  which  consist  no  doubt  merely  of 
diverging  superficial  fibres  of  the  main  layer.     When,  therefore,  the  lacunse 


THE   DIAPHRAGM.  AND  SUBPHRENIC  ABSCESS. 


453 


are  examined  in  their  distnult^tl  rondition  one  sees  these  hbriLs  cross  its  bulging 
surface  like  ropes  across  a  full  sail.  Elastic  fibres,  too,  often  stretch  across  the 
roofs  of  the  lacunir.  The  endothelial  lining  of  these  ultimate  lymphatics  is 
shown  to  be  an  exquisitely  complete  one;  over  the  whole  surface  of  the  distended 
lacunir  the  endothelial  cells  are  adjusted  to  one  another  with  the  utmost  delicacy 
and  accuracy,  there  being  no  signs  of  a  preformed  opening. 

Thus  is  fashioned  one  part  of  the  roof  of  a  lacuna.  Another  important  one 
is  the  layer  of  peritoneal  epithelial  cells  which  present  the  following  character- 
istics:— The  cell  body  is  relatively  small,  contains  the  nucleus  surrounded  by 
granular  protoplasm,  is  quite  widely  separated  from  the  adjacent  cells,  and  is 
connected  with  them  only  by  protoplasmic  processes  or  bridges.  Over  these  gaps, 
however,  the  perfectly  hyaline,  thin,  flat  superficial  layer  of  the  cells  extends 
like  the  widely  projecting  eaves  of  a  house,  to  meet  (or  almost  meet)  a  similar 


Fig.  183. — Diaphragm  of  a  Dog  in  which  the  Lympliatics  have  been  Injected  with  Silver  Nitrate. 
The  lacunce  are  intended  to  appear  as  arching  anastomoses  between  the  radial  trunks  which  lie  at  a 
lower  level  and  to  communicate  with  them  freely  by  wide  openings.  (W.  G.  MacCallum,  in  tho' Johns 
Hopkins  Hospital  Bulletin,  May,  1903.) 

projecting  layer  from  the  next  cell.  Both  Kollossow  and  Muscatello  find  that 
the  lining  is  a  perfect  one.  The  significance  of  the  partial  separation  of  the 
cells,  which  results  from  a  contraction  of  their  protoplasm,  will  be  explained 
farther  on. 

A^Tiat  then  is  the  nature  of  the  tissue  which  lies  between  the  peritoneal  epitheli- 
um and  the  endothehum  of  the  lymphatic?  A  homogeneous  basement  membrane 
lies  directly  beneath  the  epithelium.  It  is  imperforate  everywhere  except  in 
those  areas  in  which  it  forms  a  part  of  the  roof  of  the  lymphatic,  and  there  it  is 
pierced  with  numerous  fenestrations.  There  can  be  made  out  in  the  roofs  of  the 
lacunip  between  the  epitheliimi  and  the  endothelium,  a  lattice  work  of  fibres 
which  has  a  general  resemblance  to  a  fenestrated  membrane.  Close  examina- 
tion shows,  however,  that  it  really  consists  of  anastomosing  bundles  of  fibrils 
which  form  more  or  less  rounded  meshes.     (Fig.  IS-i.)     Fine  elastic  fibrils  and 
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scattered  connective-tissue  cells  make  up  the  remainder  of  the  tissue  which 
separates  the  peritoneal  epithelium  from  the  lymphatic  endothelium,  a  tissue 
which  is  thus  seen  to  be  far  from  compact  and  which  on  section  shows 
abundant  wide  crevices  and  spaces,  the  significance  of  which  will  appear  later. 
If  we  inject  the  lymphatics  with  a  colored  solution  under  pressure  the  fluid  which 
comes  through  is  colored  too,  but  if  we  use  a  suspension  such  as  carmine,  the 

fluid  which  filters  through  is  clear,  the  suspended 
particles  being  left  behind.  This  experiment,  therefore, 
shows  the  completeness  of  the  membrane. 

It  appears,  then,  that  the  peritoneal  cavity  is  lined 
by  a  complete  layer  of  epithelial  cells  which  lie  on  a 
basement  membrane  that  is  uniformly  thin  except 
where  it  overlies  the  lymphatic  lacunae,  at  which 
points  it  is  represented  by  a  lattice  work  of  fibrils 
that  separates  the  peritoneal  epithelium  from  the  sur- 
face of  the  lymphatic.  Approaching  the  peritoneum 
at  these  points  are  the  sacs  or  lacunae  which  are  the 
absorbing  terminals  of  the  diaphragmatic  lymphatics, 
and  which,  while  possessed  of  a  complete  lining  of 
endotheHum,  are  separated  from  the  peritoneal  cavity 
only  by  the  loosely  woven  connective  tissue  and  the 
peritoneal  epithehum. 

We  have  to  deal,  therefore,  with  at  least  three  ele- 
ments which  can  afford  a  certain  obstruction  to  the 
progress  of  the  material  absorbed  from  the  perito- 
neal cavity,  viz.,  the  epitheUal  layer,  the  basement  membrane,  and  the  en- 
dothelial layer.  After  the  injection  of  a  large  quantity -of  India  ink  into  the 
peritoneum  the  fluid  in  that  cavity  is  soon  found  to  be  practically  a  thick  sus- 
pension of  amoeboid  leucocytes,  a  great  many  of  which  are  found  to  be  laden 
with  pigment  granules.  The  lacunae  in  the  diaphragm  are  found  to  contain 
a  great  cjuantity  of  pigment,  a  large  part  of  which  is  contained  in  leucocytes. 
Leucocytes  generally  laden  with  pigment  swarai  about  over  the  surface  of  the 
lacunae,  and  leucocytes  thus  laden  can  actually  be  seen  in  large  numbers  mak- 
ing their  way  with  their  load  of  pigment  through  the  roofs  of  the  lacunoi.  (Fig. 
185.)  Often  one  can  see  four  or  five  going  through  different  points  in  the  roof 
of  one  lacuna.  The  epithelial  cells,  and  especially  those  which  lie  over  the  lacunae, 
are  frequently  phagocytic  and  become  loaded  with  pigment.  Similarly,  the  con- 
nective-tissue cells  underlying  them  may  often  show  a  pigment  content.  Fi- 
nally, the  endothelial  cells  in  the  lymphatic  become  swollen  and  loaded  with 
pigment.  Hence,  it  may  with  reason  be  concluded  that  phagocj^tosis  at  least 
plays  a  very  important  part  in  the  act  of  transportation. 

Respiratory  movement  has  been  emphasized  as  an  aid  to  absorption;  the 
lymphatic  channels  being  alternately  distended  and  compressed,  and  an  actual 
pumping  action  being  carried  on.  In  order  to  deteraiine,  by  actual  experi- 
mentation, whether  or  not  this  aid  is  necessary  to  absorption  iu  the  living  dog, 


Fig.  184  —Endothelium  of 
a  Lj'mphatic  Lacuna  Show- 
ing the  Process  of  Separation 
of  small  Portions  of  the  Cell 
Body  from  the  Elongated 
Process.  (W.  G.  MacCallum 
in  the  Johns  Hopkins  Hos- 
pital Bulletin,  May,  1903.) 
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an  elimination  of  the  respiratory  movement  was  brought  alDout.  It  was  found, 
after  each  such  experiment,  that  there  was  ahvays  a  fairly  abundant  injection 
of  the  lacuna'.  The  vital  activity  of  the  cells  ( phagoc^-tosis)  is.  therefore,  capable 
of  inducing  by  itself  an  nijection  of  the  lymphatics.  That  this  is  not  the  only 
factor,  however,  is  shown  by  the  presence  of  free  pigment  granules  in  the  lacunae; 
and.  in  order  to  determine  how  these  granules  effected  an  entrance  into  the 
lacuna^,  it  was  decided  to  eliminate  one  by  one  the  possible  adjuvant  factors. 
In  the  fii-st  place,  the  agency  of  the  leucoc^-tes  was  eliminated,  while  the  respira- 
tory movements  were  niaiiitaiiu'd.  The  elimination  of  the  active  phagocy- 
tosis of  the  epithelial  and  endothelial  cells  was  effected  by  partially  paralyzing 
the  cells  with  chemicals.     Despite  this  paralyzing  effect  the  cells  stOl  retained 
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Fig.  1S.5. — Roof  of  a  Lacuna  in  Section,  Showing  the  Entrj'of  Pigment  by  the  .Aid  of  Phagoc\"tic 
Leucocytes.  Epitlielial  and  endotheUal  cells  are  also  phagocytic.  (W.  G.  MacCalliun.  in  the  Johtis 
Hopkiris  Hospital  Bulletin.  May,  1903.) 

a  certain  amoimt  of  absorptive  power,  as  e^idenced  by  the  fact  that  it  was  still 
found  possible  to  obtain  an  injection  of  the  lacuna^.  Absorption,  therefore,  is 
not  exclusively  dependent  on  phagoc^'tosis.  The  fields  illustrating  this  show  the 
following  conditions:  the  epithehal  cells  are  slightly  contracted  and  rounded  off. 
thus  causing  them  to  become  separated  a  httle  from  one  another,  and  the  pig- 
ment granules  are  arranged  (see  Fig.  186)  along  the  margins  of  the  cells  and  appear 
to  be  pressing  through  in  even,^  part  of  the  intercellular  space.  E\'idently 
these  epithelial  cells  offer  a  very  slight  obstruction  indeed  to  the  entrance  of 
pigment.  Through  the  lattice  work  of  fibres,  between  the  epithelial  and  en- 
dothehal  layers,  the  granules  may  be  traced  do^m  to  the  endotheliimi  (Fig.  187). 
Here  they  may  nm  along  the  surface  of  the  endothelium  and  cause  it  to  bulge 
inward  into  the  hiiiphatics:   their  final  escape  taking  place  through  the  inter- 
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cellular  spaces.  We  are  warranted  in  ascribing  their  progress  through  the  three 
layers  to  the  pumping  action  of  the  respiratory  movements. 

No  support  whatever,  as  it  appears- to  us,  can  be  found  for  the  statement 
that  there  exists  an  open  communication  between  the  peritoneum  and  the 
lymphatics,  nor  is  it  permissible  to  uphold  the  idea  that  the  peritoneal  cavity 
forms  a  part  of  the  lymphatic  system.  The  mechanical  aspiration  of  granules 
through  the  lax  cell  membrane  by  the  respiratory  movements  is  possible,  but  it 
plays  a  part  distinctly  secondary  to  phagocytosis  as  a  means  of  absorption. 

The  diaphragm  is  something  more  than  a  mere  organ  of  respiration;  indeed, 
Forbes  {Anier.  Jour.  Med.  Sc,  July,  1880)  goes  so  far  as  to  consider  it  more 
as  an  appendage  to  the  circulatory  system.  That  portion  of  the  diaphragm 
which  is  attached  to  the  base  of  the  pericardium  is  prevented  from  descending 
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Fig.  186. — Surface  of  Peritoneal  Epithelium,  Showing  Mode  of  Distribution  of  Pigment  injected  into 
the  peritoneal  ca\'ity.      (W.  G.  MacCallum,  in  the  Johns  Hopkins  Hospital  Bulletin,  May,  1903.) 

in  inspirations  by  the  superior  tendinous  crurce  of  the  diaphragm,  which  are  formed 
by  the  lateral  parts  of  the  fibrous  pericardium  ascending  on  both  sides  to  be 
attached  to  the  apex  of  the  bony  thoracic  cone,  and  through  the  deep  cervical 
fascia  to  the  processes  of  the  cervical  vertebrae  and  to  each  stylo-maxillary 
ligament.  These  superior  crurse  of  the  diaphragm  are  connected  by  transverse 
and  oblique  fibrous  bands,  thus  fomiing  a  fibrous  scaffolding  for  the  support  and 
protection  of  the  heart  and  its  great  vessels.  This  fibrous  scaffolding  is  made 
tense  and  open  for  the  lodgment  and  for  the  protection  of  the  heart  and  the 
large  cardiac  vessels  and  for  the  promotion  of  the  circulation  of  the  blood  through 
them  by  the  contraction  of  the  muscular  diaphragm  independently  of  the 
descent  of  the  muscular  wings.  The  opening  for  the  vena  cava,  the  highest 
point  in  the  central  tendon,  has  a  fixed  position.  The  edges  of  this  opening  being 
inextensible  and  continuous  ^\ith  the  external  coat  of  the  vessel,  the  vein  re- 
mains patulous  throughout  the  respiratory  act,  and  the  blood  is  therefore  sucked 
up  through  the  cava  into  the  thorax  whenever  the  diaphragm  contracts.  It 
is  the  contraction  of  the  diaphragm,  and  not  its  descent,  that  is  necessary  for 
effecting  this  result.     Forbes  further  considers  that  it  is  by  the  traction  of  the 
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diaphragm  through  this  fibrous  structure  that  the  closure  of  the  ductus  arterio- 
sus of  the  newly  born  infant  is  effected. 

This  influence  of  the  diaphragm  upon  the  circulation  is  shown  by  the  fact 
that  the  first  effect  of  an  injury  inflicted  upon  this  organ  is  experienced  by  the 
heart;  and,  in  support  of  this,  are  adduced  the  cases  of  Deruginsky,  Reeve,  and 
others,  to  be  presented  farther  on. 

If  one  side  of  the  diaphragm  is  lacerated  or  paralyzed,  the  heart  is  pushed 


Fig.  187. — Superficial  Layer  of  Diaphragm  Stained  with  Silver  Nitrate,  etc.,  Showing  the  Lattice 
Work  of  Fibres  Overhing  the  Lacuna.  (W.  G.  MacCallum,  in  the  Johns  Hopkins  Hospital  Bulletin, 
May,  190.3.) 

over  to  the  opposite  side  by  the  atmospheric  pressure,  the  lateral  fibrous  scaffold- 
ing being  no  longer  supported  on  the  affected  side.  In  bilateral  paralysis,  the 
heart  is  pushed  backward. 


III.   NEW-GROWTHS   OF  THE   DIAPHRAGM. 

Almost  no  mention  of  tumors  of  the  diaphragm  is  made  in  literature.  Two 
cases  of  secondary  sarcoma  of  this  organ  will  be  mentioned  below\  It  is  not 
beheved  that  sarcoma  of  the  diaphragm  is  ever  primary.  Instances  of  lipoma 
of  the  organ  are  known,  and  this  is  not  surprising  since  some  fat  naturally  exists 
in  the  diaphragm.  Enchondroma  can  easily  encroach  on  it,  as  tumors  of  this 
nature  are  of  frequent  occurrence  on  the  costal  arch.  Cysts  have  been  dis- 
covered on  the  diaphragm  and  their  rupture  may  cause  perforation  of  this 
organ. 

IV.   FAULTS   OF   DEVELOPMENT. 

The  development  of  the  cUaphragm  takes  place  centrifugaUy — that  is,  from 
the  central  leaflet  (floor  of  the  pericardium)  outward.  This  explains  w^hy  con- 
genital defects,  which  are  presumably  from  incomplete  development,  are  so 
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much  less  frequent  in  the  central  portion,  the  writer  having  found  Ijut  one 
case  where  an  opening  into  the  pericardium  existed.  The  almost  complete  re- 
striction of  defects  to  the  left  side  leads  to  the  assuin])tion  that  the  leftside 
develops  later  than  the  right;  indeed,  this  deduction  is  the  only  explanation 
we  have  for  this  phenomenon  and  that  of  eventration. 

The  actual  openings  are  more  often  in  the  muscular  than  in  the  tendinous 
portion :  they  are  frequently  found  in  the  fleshy  portion  between  the  left  and 
middle  leaflets.  They  are  circular  in  shape  and,  as  regards  their  size,  they  may  be 
so  large  that  they  occupy  the  greater  part  of  the  diaphragm.  Owing  to  the  fact 
that  the  two  serous  membranes  (pleural  and  peritoneal)  are  continuous  at  the 
opening,  the  margin  of  the  latter  is  everywhere  smooth.  It  is  stated  that  all 
congenital  hernias  are  false,  that  is,  they  are  not  provided  with  a  sac  or  a  serous 
covering;  this  condition  being  due  to  the  fact  that  the  congenital  opening  is 
not  covered  with  peritoneum,  the  latter  membrane  joining  the  pleural  around 
the  edge  of  the  opening.  An  apparent  exception  is  shown  in  Frey's  case,  shortly 
to  follow.  Subjects  of  these  congenital  hernias  are  otherwise  well-formed  babies, 
but  they  generally  do  not  survive  more  than  a  few  hours  or  days,  although 
there  are  instances  on  record  where  they  have  reached  adult  age. 

Frey  gives,  in  the  Montreal  Medical  Journal,  August,  1895,  a  very  thorough 
account  and  dissection  of  an  adult  case  of  congenital  hernia,  which  shows  other 
congenital  changes  in  the  diaphragm  and  a  very  movable  kidney. 

"Age  57.  Family  history  negative.  Was  able  to  work  all  day  long  until 
a  fortnight  previous  to  his  admission,  when  he  first  noticed  swelling  of  feet  and  a 
paroxysmal  shortness  of  breath.  During  the  next  week  he  continued  his  heavy 
work,  as  cook  in  a  camp.  By  the  end  of  this  time,  his  dyspnoea  prevented  him 
from  sleeping,  nor  could  he  lie  down  for  more  than  a  few  minutes  at  a  time.  His 
appetite  completely  failed  him.  He  then  worked  at  odd  jobs,  never  giving  up 
until  his  admission  to  the  hospital.  For  five  days  before,  the  orthopncea  had  been 
constant.  As  a  boy  he  was  always  healthy  and  strong;  as  a  cook  he  was  able  to 
work  hard.  Since  yovith  he  had  taken  alcohol  in  great  quantities,  and  the 
only  time  he  had  noticed  dyspnoea  on  exertion,  was  five  years  ago.  He  was  an 
extremely  stout  man  of  large  frame  and  broad  chest,  and  large  flabby  muscles. 
On  admission,  the  general  cyanosis  was  very  marked,  and,  during  the  paroxysm 
of  dyspnoea,  the  face  and  neck  became  of  a  deep  purple  hue,  and  the  superficial 
veins  engorged  and  prominent.  The  heart  impulse  could  neither  be  seen  nor 
palpated.  The  sounds  were  very  faint,  distant,  and  exceedingly  irregular.  The 
heart  was  beating  110  to  the  minute,  but  only  70  beats  to  the  minute  reached  the 
radial  artery,  very  irregular  and  compressible.  On  the  left  base  of  the  chest 
behind,  although  dulness  on  percussion  was  more  marked  than  on  the  right  side, 
no  adventitious  sounds  were  heard.  This  condition  was  not  accounted  for  during 
life.  The  liver  dulness  was  masked  by  intestinal  tj^mpany.  The  patient  died, 
very  cyanotic,  with  the  most  extreme  paroxysm  of  dypsnoea,  death  extending 
over  several  hours.  On  autopsy,  a  large  mass  of  omental  tissue,  a  portion  of  the 
stomach,  and  a  part  of  the  kidney  were  projected  into  the  thoracic  cavity.  The 
diaphragm  was  removed  in  its  entirety,  with  all  the  organs  in  connection  with  the 
hernia.     Previous  to  its  removal,  the  fact  that  the  right  kidney  was  so  high,  led 
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to  an  examination  of  the  extent  of  motility  of  the  organ,  and  it  was  found  that  the 
kidney  could  be  easily  moved  as  far  upward  as  the  fourth  rib,  while  there  was  equally 
full  movement  downward.  On  spreadiu";  out  the  diaphragm  it  was  found  to  be  of 
relatively  great  size  in  circumference,  and  very  muscular,  save  in  the  hinder  portion  of 
tlie  left  side.  The  left  leaflet  was  not  more  than  one-fourth  the  size  of  the  middle 
tendinous  portion.  This  made  the  muscle  about  the  left  border  of  the  diaphragm 
appear  unusually  extensive.  [Or  does  it  not  mean  that  the  opening  to  be  described 
intruded  on  the  tendinous,  rather  than  on  the  muscular  portion? — J.  C.  R.]  The 
right  crus  was  readily  made  out  and  was  stout  and  prominent,  while  the  left  was 
with  difficult}'  isolated,  and  was  comparatively  small  and  thin.  Almost  immediately 
behind,  and  to  the  left  of  this  tendinous  portion,  separated  from  the  edge  of  the 
latter  by  a  muscular  band  5  mm.  in  width,  and  more  prominent,  thick,  and  bulky 
than  the  neighboring  muscular  tissue,  lay  the  defective  portion.  This  may  be  con- 
sidered as  being  composed  of  two  portions:  viz.,  a  full  opening,  or  more  truly 
openings,  extending  from  the  thoracic  into  the  abdominal  cavity,  and  a  large 
area  of  thinning  of  the  diaphragmatic  tissue.  This  thinning  was  represented 
purely  as  a  layer  of  fused  serous  coats  of  the  two  cavities,  -with  no  intervening 
muscle  (or  tissue).  This  thinned  tissue  formed  independent  coverings  over  the 
portion  of  the  stomach  protruding  as  a  hernia,  into  the  thoracic  cavity,  and  over 
the  left  kidney,  the  protrusion  not  being  through  the  free  openings.  The  entire 
defective  area  measured  79  x  79  mm." 

In  another  case  (Le  Bulletin  Medical,  Dec.  19th,  1904),  that  of  an  infant,  which 
died  on  the  second  day,  the  convex  surface  of  the  liver  showed  a  furrow  pro- 
duced by  the  cutting  edge  of  the  diaphragmatic  opening.  The  heart  was  pushed 
back  and  to  the  right,  the  base  being  at  the  right  nipple  and  the  upper  boundary 
at  the  right  border  of  the  sternum.  The  opening  in  the  diaphragm  was  large 
and  occupied  the  left  half.  The  stomach  was  in  a  vertical  position  and  occupied 
the  left  half  of  the  thorax,  and  a  part  of  the  liver,  the  transverse  colon,  and  the 
small  intestine  had  also  escaped  from  the  abdomen. 

In  some  of  the  cases  reported  the  spleen  and  the  greater  part  of  the  small 
intestine  were  found  in  the  thoracic  cavity. 

An  important,  though  rare,  congenital  defect,  for  it  is  considered  to, be  con- 
genital, is  the  Eventration  of  the  diaphragm.  (Sailer  and  Rhein,  A^ner.  Journal 
Medical  Sc,  1905;  N.  S.,  CXXIX.,  688,  705.)  This  expression  signifies  an 
abnormally  high  position  of  the  diaphragm  in  the  trunk,  this  position  being  due 
to  the  relaxation  of  the  organ  which  results  from  a  deficiency  of  muscular  fibre. 
It  has  been  called  by  some,  although  incorrectly,  pseudohypertrophic  lipoma- 
tosis of  the  muscle.  The  symptoms  are  usually  slight  or  they  are  entirely  lack- 
ing, and  the  condition  does  not  interfere  with  the  duration  of  life.  All  reported 
cases  are  pathologically  much  alike.  The  condition  is  always  found  on  the  left 
side,  the  diaphragm  on  this  side  reaching  to  the  third  rib;  but  the  right  haK 
of  the  organ  may  also  in  these  cases  reach  a  somewhat  higher  level.  Even- 
tration of  the  diaphragm  has  very  seldom  been  diagnosed;  it  is  usually  mistaken 
for  hernia,  and  also  sometimes  for  hypoplasia  of  the  lung,  for  dextrocardia,  for 
primary  defects  of  the  diaphragm,  and  for  acquired  lesions  such  as  phrenic 
paralysis.     In  all  cases  there  are:  normal  resonance  on  percussion  in  the  upper 
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part  of  the  left  lung:  tympany  below  a  certain  line,  which  varies  from  the 
fouith  to  the  second  rib;  tympany  posteriorly,  usually  from  the  angle  of  the 
scapula  down;  the  ordinary  signs  of  dextrocardia;  the  signs  which  appear  to 
indicate  the  presence  of  viscera  abnormally  present  in  the  lower  part  of  the  left 
thorax;  sounds  of  gurgling  and  splashing,  especially  when  licjuids  have  been 
swallowed;  an  area  of  dulness  in  the  lower  part  of  the  thorax  after  the  patient 
has  taken  a  considerable  amount  of  food;  and  sometimes  distinct  hippocratic 
succussion  sounds.  Frequently  there  is,  on  the  posterior  aspect  of  the  thorax, 
an  area  of  dulness  due  to  dislocation  of  the  spleen.  Litten's  phenomenon  is  usu- 
ally absent.  As  a  puncture  for  diagnostic  purposes  and  even  an  operation 
have  been  undertaken  under  these  circumstances, — and,  of  course,  with  danger, 
— it  is  well  to  exclude  all  other  causes  of  tympany  in  the  lower  part  of  the  chest 
before  one  resorts  to  either  of  these  measures. 

A  condition  similar  to  that  which  has  just  been  described,  but  acquired  and 
not  congenital,  is  Lahn's  degeneration  of  the  diaphragm  (Lancet,  Aug.  17th,  1878), 
in  which  the  muscular  tissue  becomes  thinner  and  paler  than  normal. 

Phrenoptosis,  which  is  an  acquired  condition,  is  the  reverse  of  eventration. 
It  is  a  downward  displacement  of  the  diaphragm.  Glenard  (Revue  des  Maladies 
de  la  Nutrition,  1905)  considers  it  as  merely  an  accessory  episode  of  the  general 
tendency  to  ptosis. 

Other  diseases  of  the  diaphragm  which  may  possibly  assume  some  importance 
from  a  surgical  viewpoint,  are  rheumatism,  spasm  (clonic  and  tonic)^  paraly- 
sis, and  purulent  diaphragmatic  pleurisy.  There  are  certain  signs  of  the  latter 
W'hich  are  worth  noting.  Besides  the  local  pain,  the  phrenic  nerve  becomes  the 
seat  of  hyperesthesia  at  its  superficial  expansion  in  the  epigastrium,  especially 
over  a  small  area  located  a  few  inches  below^  the  xiphoid  cartilage.  At  the 
same  time  an  exaggerated  sensibility  is  manifest  in  the  course  of  the  nerve  in 
the  neck.     Another  sign  is  depression  of  the  last  rib. 

After  empyema,  and  especially  after  Schede's  and  similar  operations,  the 
diaphragm,  under  the  influence  of  abdominal  pressure,  encroaches  more  than 
it  normally  should  upon  the  pleural  space.  Thus,  the  lower  part  of  this  space 
is  obliterated  to  a  much  greater  degree  and  earlier  than  the  upper. 


V.   WOUNDS  AND  HERNUE  OF  THE   DIAPHRAGM. 

Wounds. — AYounds  of  the  diaphragm  are  hardly  possible,  without  an  ac- 
companying wound  of  the  thoracic  or  abdominal  ca\dties,  and  indeed  the  wound- 
ing of  all  three  is  usual.  The  wedge-shaped  space  between  the  diaphragm  and 
the  ribs  is  called  the  costo-diaphragmatic  sinus,  and  to  the  very  bottom  of 
this  the  limgs  do  not  reach.  A  penetrating  wound  in  this  region  will  divide 
the  diaphragm  and  open  both  pleural  and  abdominal  cavities,  without  wound- 
ing the  lung.  Such  a  case  is  found  in  the  ''Surgical  History  of  the  War  of  the 
Rebellion."  In  this  case  (that  of  Robert  Stolpe)  a  musket  ball  entered  the 
side  of  the  chest  and  penetrated  thence  into  the  alimentary  canal,  from  which 
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it  was  later  passed.  A  mass  of  lung  tissue,  the  size  of  a  small  orange,  pro- 
jecte<.l  from  the  body,  and  could  not  be  replaced.  It  sloughed  off,  and  the 
sui'face  of  the  woimd  became  covered  with  epithelium.  After  this  there  was 
but  slight  e\'idence  of  (alxlominal)  hernia,  the  protruding  mass  of  lung  act- 
ing, no  doubt,  as  a  block  to  protrusion  of  any  of  the  abdominal  \'iscera.  Many 
months  later,  the  small  remaining  tumor  suddenly  increased  in  size,  after  a 
strain  in  lifting,  the  respiratory  somids  in  it  Ix^came  feeble,  pressure  on  it  pro- 
duced giu-gling  and  nausea,  nausea  manifested  itself  after  eating,  and  there 
was  local  pam.  A  portion  of  the  stomach  had  evidently  escaped  into  the 
tumor,  which  varied  in  size  and  contained  both  lung  and  stomach.  In  a  simi- 
lar case,  in  wliich  bUe  in  addition  escaped  into  the  tumor,  there  was  so  Uttle 
prostration  that  the  subject  was  able,  soon  after  he  had  been  injured  and  with- 
out any  protective  dressings  over  the  wound,  to  walk  a  mile  and  a  half.  He 
eventually  recovered  and  volimtarily  re-entered  the  campaign. 

Woimding  of  the  neighboring  ^•iscera  is  an  almost  invariable  occm-rence 
when  the  diaphragm  suffers,  and  the  liver,  spleen,  and  lungs  are  frequently 
involved.  especially  the  fu"st  two. 

Rupture  or  tear  of  the  diapkragm  from  a  blovr.  a  crush,  or  a  strain  is  com- 
mon. For  the  production  of  such  a  tear  or  rupture  it  is  not  necessaiy  that  the 
patient  should  strain  very  hard  or  that  he  should  receive  a  severe  blow:  and 
consequently  we  are  compelled  to  assume  that  in  some  of  these  cases  there  must 
have  been  a  congenital  weak  spot.  The  blow  need  not  be  of  such  a  character 
as  to  cause  a  penetration  of  the  parietes  or  even  of  the  skin,  nor  is  it  necessary- 
that  any  of  the  other  \iscera  should  be  wounded.  These  indirect  tears  are 
more  common  in  middle-aged  men.  and  there  is  on  record  a  case  in  which  the 
patient  suffered  two  successive  teai-s  of  the  diaplu-agm  -^-ith  hernia.  A  crush 
may  be  so  severe  as  to  precipitate  most  of  the  abdominal  ^-isce^a  into  the  thorax: 
the  result,  of  course,  being  the  death  of  the  patient. 

Wounds  of  the  diaphragm,  in  connection  with  the  woimding  of  other  organs, 
may  be  veiy  severe,  and  still  recovery  may  take  place.  Such  a  case,  of  an 
unusual  character,  suggestive  as  to  treatment,  and  well  worth  recording,  is  nar- 
rated by  Abbe  in  the  Transactions  of  the  Xew  York  Surgical  Society.  Dec.  14th. 
1S9S. 

A  man.  while  riding  a  bicycle,  impaled  himself  on  the  shaft  of  a  wagon.  The 
shaft  hrst  penetrated  the  right  arm.  separating  the  biceps  and  vessels  from  the 
humerus:  thence  it  crushed  into  the  chest,  breaking  the  tenth  rib  at  the  mid- 
axillary  line,  and  tore  thi-ough  the  diaphragm  and  liver,  detaching  the  latter  some- 
what from  its  posterior  support.  The  shaft  next  swept  in  a  backward  direction, 
making  a  ragged,  flat  laceration  through  the  Uver.  in  which  could  be  laid  the  flat 
of  the  hand,  caught  the  kidney  against  the  spine,  and  cut  its  upper  third  al- 
most completely  off.  It  was  several  hours  before  shock  passed  oft",  and  then  the 
urine  was  intensely  bloody.  The  tenth  rib  was  resected  in  order  to  give  plenty 
of  room  in  reaching  the  pleura,  from  which  was  sponged  a  quart  of  clotted  blood, 
mixed  with  bile  and  urine.  The  lacerated  wound  in  the  diaphragm  was  now  en- 
larged to  admit  the  hand.     As  blood  flowed  freely  from  the  liver,  a  temporary 
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packing  was  placed  in  the  wound  of  this  organ  while  an  incision  was  made  below 
the  ribs  to  reach  the  kidney.  This  organ  was  palpated  with  both  hands,  one 
hand  being  introduced  into  each  incision.  The  patient's  condition  did  not  permit 
of  resection  of  the  kidney.  Extravasated  blood  was  wiped  fi-om  the  peritoneal 
cavity,  but  no  intestinal  contents  were  found.  Iodoform  gauze  was  now  intro-' 
duced  through  the  upper  opening  and  firmly  packed  in  the  wound,  beginning  at 
the  kidney  and  continuing  up  through  the  liver  and  between  the  liver  and  the 
chest  wall.  The  gauze  was  then  brought  up  through  the  diaphragm  and  the 
chest  wall.  A  hghter  tamponade  was  placed  in  the  pleura  below  the  retracted 
lung  and  the  lower  wound  was  partially  sutured.  The  patient  barely  rallied  and 
it  was  a  month  before  he  was  out  of  danger;  and  during  this  time  urine  and 
much  of  the  bile  were  discharged  through  the  wound.  High  fever.  The  bile  first 
ceased,  but  the  urine  continued  to  flow  through  the  now  narrow  sinus  for  a  period 
of  two  and  a  half  months. 

Wounds  of  the  diaphragm  may  occur  in  operations  undertaken  for  other 
purposes.  Thus,  for  example,  Deruginsky  {Annals  of  Surgery,  May,  1906) 
removed  a  portion  of  the  diaphragm  in  the  course  of  an  operation  for  the  eradi- 
cation of  a  sarcoma  of  the  chest  wall.  In  a  previous  operation  which  he  had 
performed  for  the  same  purpose,  the  incisions  required  did  not  involve  the  dia- 
phragm, but  they  did  penetrate  the  thorax.  In  spite  of  the  resulting  pneumo- 
thorax, the  patient  breathed  quietly  and  her  pulse  was  unaffected;  and  after 
the  operation  there  was  no  dyspnea.  We  mention  this  absence  of  embarrass- 
ment, as  regards  the  respiration  and  pulse,  because  of  its  bearing  on  the  hin- 
drance which  a  pneumothorax  is  supposed  to  offer  to  operative  procedures  upon 
the  diaphragm,  a  subject  which  will  be  dwelt  upon  later.  A  large  gauze  tampon 
was  placed  in  the  pleural  cavity,  and,  when  this  tampon  was  removed  on  the 
fifth  day,  it  was  obsei-ved  that  no  air  entered.  At  the  later  operation  (that 
for  the  removal  of  the  sarcoma  which  had  returned  after  the  first  operation)  the 
chest  wall,  from  the  seventh  to  the  twelfth  rib,  was  removed,  together  wdth  a 
portion  of  the  diaphragm.  On  this  occasion  when  the  pleural  cavity  was  opened, 
the  lung  immediately  collapsed,  and  at  the  bottom  of  the  cavity  the  heart  could 
be  seen  undergoing  rhythmical  contractions.  Again,  the  thoracic  cavity  was 
filled  with  a  gauze  tampon;  and  at  this  moment  threatening  heart  failure 
developed,  although  the  respiration  continued  to  be  regular.  Saline  infusion 
and  other  restorative  measures  were  employed.  Before  resection  of  the  dia- 
phragm was  undertaken,  this  structure  was  carefully  dissected  from  the  peri- 
toneum; and  while  this  was  being  done  there  occurred  some  retching,  which 
caused  the  peritoneum  to  protrude  into  the  pleural  cavity  like  a  bladder,  while 
above  it  the  heart  could  be  seen  suspended,  temporarily  deprived  of  its  lowTr 
attachments.  The  projecting  peritoneum  was  pushed  back  and  held  by  the 
hand  of  an  assistant.  To  the  surface  of  the  cut  muscular  tissue,  from  which 
the  sarcomatous  nodules  had  been  removed,  the  cautery  was  now  applied, 
and  then  the  cut  edge  of  the  diaphragm  was  sutured  to  the  seventh  rib,  whereby 
the  thoracic  cavity  was  separated  from  the  abdominal.  A  tampon  was  intro- 
duced into  the  inferior  angle  of  the  wound,  and  the  external  wound  was  su- 
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tured.  Marked  shock  followed,  but  the  patient  breathed  freely  and  the 
respiration  was  of  a  quiet  character.  On  the  seventh  day  following  the  oper- 
ation there  was  some  dysj^ncea,  which  was  not  relieved  by  removal  of  the 
tampon.  An  exploratory  puncture  made  on  the  eleventh  day  revealed  neither 
air  nor  fluid  in  the  pleural  cavity,  but  a  stitch  abscess  was  opened,  and  the 
opening  of  this  abscess  seemed  to  relieve  the  moderate  fever  and  the  dyspnoea 
which  were  present.  The  lung  expanded.  Eleven  weeks  later  when  the 
autop.>^y  was  made,  it  was  ascertained  that  the  diaphragmatic  curtain  had  been 
entirely  restored,  the  edge  of  the  organ  having  become  adherent  to  the  lower 
bonier  of  the  seventh  rib  along  the  line  where  the  sutures  had  been  applied. 
About  two-thirds  of  the  entire  diaplii-agm  (?)  had  been  taken  away.  The 
limg  was  adherent  to  the  parietal  pleura,  by  sarcomatous  rather  than  by  in- 
flammatory tissue. 

In  several  respects,  the  author's  case  *  is  very  similar  to  the  one  reported 
above,  although  the  amount  of  diaphragm  removed  was  not  nearly  so  large. 
The  enchondroma  sarcomatosum  (?)  of  the  chest  wall  measured  thirty-three 
inches  in  its  circumference,  necessitating  the  removal  of  a  piece  of  the  chest 
wall  equal  in  area  to  two  outspread  hands.  Fully  a  third  of  the  growth  was 
inside  the  chest  and  attached  to  the  diaphragm.  As  a  result  of  the  operation 
the  whole  pleural  canity  was  exposed  to  \iew,  including  the  pulsating  pericardial 
sac  and  the  completely  retracted  lung.  No  attempt  was  made  to  preserve  the 
peritoneimi.  The  remains  of  the  diaphragm  and  some  fascia  were  brought 
together  to  make  a  partition  between  the  abdominal  and  thoracic  cavities,  the 
skin  flaps  preidously  made  were  sutured,  and  all  spaces,  including  the  pleural 
ca\'ity,  were  drained  by,  but  not  packed  with,  gauze.  There  had  been  little 
disturbance  of  respiration  dming  the  operation,  and  the  only  reactions  ob- 
served afterward  were  occasional  attacks  of  dyspncea  with  rapid  pulse  and,  on 
the  third  day,  a  single  rise  of  temperature  (to  103°  F.)  that  lasted  for  an  hour. 
Some  of  these  disturbances  were  caused,  or  accompanied  by,  moderate  abdom- 
inal tympany.  Recently,  the  writer,  while  removing  a  large  kidney,  was 
obliged  to  di\ide  the  two  lower  ribs,  and  he  forewarned  the  anaesthetist  carefully 
to  watch  the  patient  when  the  pleura  was  opened.  Close  observation,  however, 
failed  to  discover  any  change  in  the  respiration  or  the  pulse,  although  slight 
s}Tnptoms  of  shock  gradually  came  on,  as  in  the  three  other  cases. 

Woimding  of  the  diaphragm  has,  in  the  past,  been  considered  very  dangerous, 
because  of  the  imagined  interference  with  the  bellows  action  of  the  thorax. 
This  and  a  simOar  fear  of  pneumothorax  are  responsible  for  devices  looking 
to  the  maintenance  of  respiration  while  the  chest  is  open.  One  of  these  is  the 
Fell-0'Dwyer  method  of  artificial  respiration,  a  procedure  which  dates  back 
to  an  early  period  and  which  has  not  been  as  widely  adopted  as  it  deserves  to  be.f 
In  this  method,  air  imder  pressure  is  intermittently  supphed  by  a  bellows  that 
is  w^orked  by  the  foot,  and  this  air  is  conducted  to  the  trachea  (by  way  of  the 

*  Annals  of  Surgery,  May,  1903. 

T  Journal  of  the  American  Medical  Association,  June  9th,  1900:  Buck's -Reference  Hand- 
book of  the  Medical  Sciences." 
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larynx)  by  a  tube  like  that  used  for  intubation  purposes.  A  similar  process  is 
that  described  by  Brauer  in  the  Deutsche  med.  Wochenschrift,  Sept.  21st,  1905, 
and  April  5th,  1906.  Another  plan  is  to  employ  the  Sauerbruch  pneumatic 
cabinet  *  which  was  devised  in  the  Breslau  Clinic  under  MikuHcz's  direction. 
In  this  cabinet  are  confined  the  operator's  and  the  patient's  bodies;  the  latter's 
head  projecting  through  an  air-tight  orifice  and  collar.  A  negative  pressure  of 
from  12  to  16  mm.  of  mercury  is  maintained  within  the  chamber.  In  it  Sauer- 
bruch has  performed  extensive  operations  (involving  both  pleurse)  on  the  chests 
of  dogs,  with  no  ill  results  to  lungs  or  respiration.  He  has  devised  an  oesopha- 
gotomy  of  the  lower  end  of  the  organ  by  means  of  a  thoracotomy  and  division 
of  the  diaphragm.  Of  the  two  inventions,  the  cabinet  is  probably  the  more 
practical,  but  the  Fell-0'Dwyer  has  the  advantage  of  being  more  easily  obtained 
and  transported.     (See  also  page  418  et  seq.  in  the  present  volume.) 

Green,  in  Surgery,  Gyncecology,  and  Obstetrics  (Chicago,  May,  1906),  has  gone 
into  these  methods  thoroughly,  but  his  experiments  and  the  gathered  examples 
seem  to  him  to  argue  quite  as  much  against  the  use  of  positive  pressure  as  they 
do  in  favor  of  its  use.  If  this  be  true — and,  in  the  light  of  the  above  operations 
and  many  similar  ones  which  might  be  adduced,  the  truth  seems  to  be  estab- 
lished— we  may  conclude  that  these  methods  of  respiration  are  unnecessary 
where  but  one  pleura  is  opened,  and  that  possibly  a  positive  pressure  is  actually 
prejudicial.  In  those  cases  in  which  both  pleurse  are  opened  the  employment 
of  such  artificial  aids  is  positively  necessary.  These  remarks  apply  to  adults. 
Children  are  much  more  disturbed  by  an  open  pleural  cavity  because  the  tissues 
of  the  mediastinum  are  less  stable  and  make  a  poor  barrier  between  the  two 
sides. 

The  preceding  statements  seem,  therefore,  to  dispose  of  one  bugbear  of 
the  surgery  of  the  chest — a  bugbear  that  at  one  time  appeared  to  be  of  a  very 
serious  character.  As  a  matter  of  course,  the  careful  surgeon  will  limit  as  much 
as  possible  the  ingress  and  egress  of  air  through  the  opening  in  the  chest  wall, 
and  this  can  be  quite  effectually  accomplished  by  the  insertion  of  a  firm  gauze 
tampon  in  the  orifice  of  the  opening  when  the  manipulations  no  longer  require 
it  to  be  kept  open.  The  entire  filling  of  the  pleural  cavity,  as  was  done  by 
Deruginsky,  seems  unnecessary,  if  not  positively  harmful;  indeed,  it  appeared 
in  that  case  to  be  the  cause  of  the  embarrassment  of  the  heart.  Seidel  places,  over 
penetrating  wounds  of  the  chest,  an  air-tight  case  provided  with  a  window 
through  which  inspection  may  be  made  and  which  is  constantly  connected  with 
a  partial  vacuum.  The  object  of  this  contrivance  is  to  facilitate  drainage  and 
expand  the  lung. 

The  surgeon  will  not  hesitate  to  enlarge  wounds  of  the  diaphragm  when 
hemorrhage,  incarceration,  or  adhesion  invites.  For  closing  defects  the  only 
remedial  measure  for  which  we  possess  a  precedent  is  that  of  drawing  together 
whatever  remnants  of  tissue  can  be  made  available;  and  experience  justifies 
the  statement  that  very  uncertain  substitutes  seem  to  suffice  as  a  partition 

*  Mittheilungen  a.  d.  Grenzgebieten  d.  Med.  u.  Chir.,  1904,  xiii.;  W.  Meyer,  in  Annals  of 
Surgery,  May,  1905;  Boston  Med.  and  Surg.  Jour.,  April  13th,  1905. 
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between  the  thoi'acic  and  the  alnluniinal  cavities.  A  stronger  partition,  if  it 
could  be  obtained,  would,  of  course,  he  better,  especially  on  the  left  side,  where 
there  is  not  tlie  linn  support  of  the  livci';  l)iit  tlicic  seems  to  be  little  material 
from  which  to  shift  Haps.  Tlie  only  sui)ply  that  seems  to  suggest  itself  is  the; 
inner  surface  of  the  abdominal  parietes,  and  this  would  hardly  be  utilized, 
unless  there  were  already  an  extensive  opening.  Deruginsky's  practice  of 
preserving  the  peritoneum  seems  to  be  neither  advisable  nor  necessary,  except 
when  infection  is  present.  To  leave  that  membrane  intact,  in  a  case  of  ma- 
lignant disease  of  the  diaphragm,  would,  in  these  days  of  indifference  to  the 
open  abdomen,  l^e  simply  to  invite  a  recurrence  of  the  disease. 

In  such  severe  injuries  as  those  which  occurred  in  Abbe's  case,  there  is,  of 
course,  little  opportunity  to  do  more  than  apply  promptly  and  thoroughly  a 
tamponade,  while  holding  one's  self  ready  to  attack  the  complications  as  they 
successively  arise . 

In  the  case  of  nephrectomy  mentioned  above,  in  which  the  diaphragm  was 
detached  from  the  ribs,  the  writer  re-attached  it  by  wrapping  it  around  the 
lower  edge  of  the  rib,  thus  reaching  better  tissue  in  which  to  place  the  sutures 
and  making  a  cover  for  the  exposed  and  roughened  ends  of  the  ribs. 

The  best  route  by  which  woimds  of  the  diaphragm  may  be  approached  wall 
be  discussed  under  the  heading  of  Treatment  in  the  next  section  of  this  article. 

Diaphragmatic  Hernia. — Cases  of  congenital  diaphragmatic  hernia  in  the 
newborn  have  been  discussed  under  defects  of  the  diaphragm.  Acquired  hernia 
may  take  place  through  congenital  openings  or  thinnings,  through  some  of  the 
natural  openings  such  as  the  stretched  aortic  or  oesophageal  opening,  or,  finally, 
through  tears;  and  when  a  trauma  is  the  causative  agent  the  hernia  may  be 
produced  immediately  or  only  at  some  later  period.  The  large  majority  of  the 
tears— over  five-sixths  of  them — are  on  the  left  side.  The  reason  given  for  this  is 
that  the  mass  of  liver  substance  protects  the  diaphragm  and  to  a  certain  extent 
unites  it  to  the  right  side;  but  it  is  probable  that  the  real  reason  for  the  difference 
is  to  be  found  in  the  fact,  already  stated  above,  that  defects  of  development  which 
cause  a  thinning  of  the  diaphragm  are  found  more  commonly  on  the  left  side.  The 
ruptures  which  take  place  in  the  muscular  portion  are  only  moderately  in  excess 
of  those  which  occur  in  the  tendinous  portion.  Congenital  hernias  number  over 
a  third  of  all  diaphragmatic  hernias,  those  from  direct  injury  a  third,  and  those 
from  indirect  injury  a  quarter. 

Ninety  per  cent  of  acquired  hernias  are  false,  that  is,  devoid  of  sac,  the  serous 
coverings  having  been  absent  (at  birth)  or  ruptured  at  the  time  of  protrusion, 
thus  leaving  the  escaped  organs  naked  in  the  thoracic  ca\dty.  The  order  of 
frequency  wdth  which  the  several  abdominal  organs  escape  through  the  rupture 
may  be  stated  as  follows: — stomach,  omentum,  and  colon.  Besides  these  a 
large  part  of  the  small  bowel,  the  spleen,  the  liver,  the  caecum,  and  the  kidney 
have  been  found. 

With  the  increase  of  our  knowledge  of  diaphragmatic  hernia,  it  has  been 
ascertained  that  this  affection  is  not  so  rare  as  was  once  supposed.  Of  the 
cases  collected  before  1874,  but  two-tenths  of  one  per  cent  had  been  diagnosed 
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before  death.  In  the  case  of  an  open  wound  with  protruding  abdominal  viscera, 
there  seems  to  be  no  excuse  for  overlooking  a  diaphragmatic  hernia.  On  the 
other  hand,  if  only  a  bit  of  omentum  has  escaped  into  the  pleural  cavity,  the 
only  s}Tiiptoms  present  may  be  those  of  indigestion,  malaise,  etc. — that  is, 
the  symptoms  of  an  adhesion.  Still  more  obscure  are  the  s\Tnptoms  in  such  a 
case  as  the  following:  A  young  man  was  taken  with  sudden  pain  in  the  umbiUcus; 
the  pain  remained  entirely  abdominal  and  no  rise  of  temperature  nor  other 
sj-Tuptoms  occurred  for  three  days.  Then  the  symptoms  assumed  such  a  grave 
character  that  surgical  interference  became  necessary,  and  thus  the  existence  of 
a  diaphragmatic  hernia  was  discovered.  If  the  opening  in  the  diaphragm  is 
very  large,  so  large  that  the  abdominal  viscera  lie  in  l^oth  ca\dties  and  without 
constriction,  there  may  be  more  or  less  pain,  inability  to  he  on  the  side,  and 
shortness  of  breath,  but  there  may  be  little  else  in  the  way  of  SATnptoms.  There 
is  also  likely  to  be  some  e\idence  of  pneumothorax,  and  intestinal  gurgling  will 
be  heard  within  the  thoracic  ca\dty. 

If  a  portion  of  the  intestinal  tract  is  suddenly  forced  through  a  relatively 
small  opening  in  the  diaphragm,  the  sjniiptoms  will  be  those  of  obsti*uction; 
but  if  the  volume  of  displaced  organs  is  large,  the  embarrassment  to  respiration 
and  circulation,  due  to  the  crowded  condition  of  the  thoracic  ca^dty,  "^ill  over- 
shadow the  sjTiiptoms  of  obstruction  and  may,  indeed,  be  the  cause  of  an  earl}?- 
fatal  ending.  Such  an  ending  has  taken  place  as  early  as  from  the  eleventh  to 
the  fifteenth  hour  after  the  accident.  The  writer  has  seen  complete  collapse  occur 
some  time  after  the  performance  of  an  abdominal  section, — from  which  the 
patient  subsequently  recovered, — and  yet,  when  the  abdomen  was  re-opened, 
nothing  could  be  found  to  explain  the  condition  except  a  very  moderate  intestinal 
distention.  If  distention  of  abdominal  \dscera  can  cause  such  disturbance,  when 
they  are  still  within  the  abdomen,  it  is  fair  to  assume  that  an  encroachment  of 
much  smaller  bulk  in  the  thorax  may  suffice  to  cause  dangerous  symptoms. 

Again,  acute  dilatation  of  the  stomach,  which  occurs  at  times  after  the  dis- 
turbance caused  by  some  slight  operation,  may  be  assumed  to  crowd  the  thorax, 
even  when  only  a  part  of  the  organ  stands  at  a  higher  level  than  the  diaphragm. 
If  an  early  fatal  issue  does  not  occur  in  those  cases  in  which  a  part  of  the  al> 
dominal  \dscera  passes  through  the  opening  into  the  pleural  ca\'ity,  then  in  the 
course  of  time  the  symptoms  of  incarceration,  obstruction,  or  strangulation 
dominate  the  scene.  These  several  conditions  will  be  observed  in  the  cases  of 
hernia  to  be  mentioned  in  detail  farther  on.  Pain  is  usually  present,  though  it 
may  be  absent.  Distention  of  the  abdomen  is  the  rule.  "When,  as  a  rare  event, 
retraction  does  occur,  it  is  due  probably  to  constriction,  located  high  up  in  the 
alimentary  canal.  This  not  only  obviates  much  of  an  accumulation  above  the 
constricted  point,  but  the  vomiting  which  it  induces  keeps  the  canal  emptied. 

The  physical  signs,  when  a  hollow  \dscus  is  the  part  incarcerated  in  the  hernia, 
have  a  resemblance  to  those  of  pneumothorax  in  that  they  comprise  a  tympanitic 
note  over  the  hernia,  amphoric  tinkling,  and  sometimes  succussion  sounds. 
Excessive  thirst  is  the  rule,  and  hiccough  is  fairh^  often  present.     Litten  * 

*  Deutsche  med.  Wochenschrift,  No.  5,  1895;  also  Vol.  I.,  p.  529,  of  the  present  work. 
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describes  a  ''diaphragmatic  i)lu'noinenon'"  for  this  lesion  as  he  docs  for  suJ> 
phrenic  abscess  and  other  thoracic  disorders.  It  consists  of  a  \dsible  hoiizontal 
depression  crossing  the  lower  side  of  the  chest  and  moving  up  and  down  with 
respiration — a  sign  which  is  of  special  value  in  unilateral  conditions.  In 
ruptures  of  the  diaphragm  with  hernia  this  phenomenon  can  be  seen  below 
the  tj-mpanitic  area  and  may  be  of  importance  when  the  tympany  of  the 
abdomen  is  slight. 

When  the  Roentgen  rays  are  used,  the  canal  is  rendered  \isible  by  the  intro- 
duction of  bismuth,  mercury,  or  a  stomach  tube.  If,  by  the  aid  of  these,  it  is 
visible  above  the  convex  diaphragmatic  line,  its  presence  in  this  situation  fur- 
nishes adequate  proof  of  the  existence  of  a  diaphragmatic  hernia.  On  the 
other  hand,  a  negative  finding  would  not  exclude  a  hernial  protrusion,  for  a 
constriction  would  be  competent  to  prevent  the  passage  of  these  objects  along 
the  canal. 

In  very  obscure  cases  a  manoeuvre  of  MaragHano's*  may  be  tried,  but  it  must 
be  resorted  to  early,  before  a  weakening  of  the  bowel  wall  would  render  bursting 
likely,  and,  of  coui"se,  no  force  should  be  employed.  The  patient  in  Maragliano's 
case  was  suffering  from  influenza  at  the  time,  and  the  heiTiia  developed  suddenly 
dm'ing  a  fit  of  coughing.  After  ordinary  measures  of  diagnosis  had  been  con- 
sidered, the  intestines  were  inflated  by  a  pump  introduced  per  rectum;  and  it 
was  found,  after  the  inflation,  that  the  abdomen  was  not  increased  percei> 
tibly  in  girth  nor  the  diaphragm  displaced  upward.  It  was  cUscovered,  how- 
ever, that  the  thorax  had  increased  one  centimetre  in  girth.  It  was  also  noticed 
that,  simultaneously  with  each  insufflation,  a  soimd  was  audible  in  the  fifth 
interspace.  The  procedm-e,  as  described  up  to  this  point,  and  if  carried  out 
with  care,  is  a  commendable  one;  but  as  much  cannot  be  said  of  what  fol- 
lows, and  it  is  described  only  to  be  condemned.  Maragliano  introduced  a 
hoUow  needle  into  the  left  thorax  (and  presumably  into  the  intestinal  canal 
there  lodged)  and  injected  a  certain  amount  of  liquid.  Bubbling  could  be 
heard  as  the  residual  air  in  the  pmnp  entered  the  intestine.  The  intestine 
was  distended  with  fluid  when  a  duhiess  appeared  in  the  thorax  over  an  area 
where  there  had  pre^-iously  been  resonance.  The  final  step,  which  I  have  just 
described,  might  be  permissible  mider  some  circumstances. 

In  a  case  in  which  there  was  much  constriction  at  the  borders  of  the  open- 
ing, one  would  hardly  be  justified  in  excluding  a  protrusion  of  a  hollow  viscus 
into  the  plem-al  cavity  if  a  negative  result  were  obtamed  from  the  fu'st  stage 
of  Maragliano's  procedure,  or  from  the  later  injection  of  fluid,  or  from  an  ex- 
amination with  the  .r-ray. 

Other  points  comiected  with  the  diagnosis  have  already  been  discussed 
imder  "Wounds  of  the  Diaphi'agm. 

Diaphragmatic  hernia  is  occasionally  discovered  post  mortem  in  patients 
who  have  died  from  other  causes,  and  in  whom  there  had  been  little  reason  to 
suspect  such  a  condition  during  Hfe.  This  corresponds  with  the  frequent  ob- 
servation that  a  patient  seemingly  recovers  from  a  tramnatic  hernia,  or  from 

=*  Gaz.  degli  Osped.  e  deUe  Clin..  Feb.  15th,  1897. 
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the  accident  which  cuiLsed  tlic  latter,  and  yet  at  some  hiter  date  experiences 
a  dangerous  attack.     The  following  brief  histories  relate  to  cases  of  this  nature : — 

A  fall  of  thirty  feet  fractured  the  femur  and  bruised  the  chest,  l)ut  did  not 
fracture  any  ribs.  Collapse  and  vomiting.  Some  shifting  dulness  in  the  flanks. 
Patient  made  progress  imder  medical  treatment  and  in  two  months  was  discharged. 
Afterward  he  had  attacks  of  pain  in  the  epigastrium,  increased  by  taking  light 
food,  but  there  was  no  vomiting.  Two  months  later  he  was  seized  with  severe 
pain  and  vomiting  and  died  in  two  days.  Stomach  and  colon  had  escaped  through 
an  opening  in  the  diaphragm  the  size  of  the  index  finger.  (Brit.  Med.  Jour.,  Dec. 
22d,  1900.) 

A  man  was  squeezed  between  cars;  no  ribs  were  broken;  he  recovered.  Six- 
teen weeks  later,  he  died  with  failing  heart  and  dyspnoea.  Autopsy:  large  and 
small  intestine  in  the  pleural  cavity,  adherent  to  each  other  and  to  the  lungs. 
(London  Lancet,  June  30th,  1880.) 

A  stab  wound  in  the  seventh  intercostal  space.  Patient  well  in  two  weeks. 
Two  and  a  half  years  later,  obstruction  of  the  bowels;  cceliotomy.  Autopsy: 
part  of  the  omentum  and  seven  inches  of  the  colon  found  in  the  left  pleural  cavity; 
weakening  of  old  cicatrix  in  the  diaphragm.  (Trans.  St.  Louis  Med.  Soc,  Jan. 
31st,  1891.) 

Sudden  symptoms  of  internal  strangulation  of  the  bowels  in  a  well  man;  in 
addition,  dyspnoea  and  pain;  no  strain;  death  in  twenty-four  hours.  Autopsy: 
Eighteen  inches  of  small  intestine  in  the  perici^'dial  sac;  congenital  opening  in 
the  diaphragm  the  size  of  a  silver  quarter  of  a  dollar.  (Brit.  Med.  Jour.,  Jan.  7th, 
1899.) 

Dennis,  in  the  St.  Paul  Med.  Jour.,  Oct.,  1905,  publishes  a  case  which,  because 
of  its  bearing  on  this  point  of  latency,  as  well  as  on  account  of  other  features,  is 
reported  in  some  detail. — A  young  man  received  a  severe  blow  on  the  left  thorax 
from  a  buggy  pole,  and,  while  the  wound  was  not  of  a  penetrating  nature,  the 
injury  kept  him  in  bed  three  weeks,  and  it  was  three  months  before  he  felt  entirely 
well.  From  the  twelfth  to  the  eighteenth  month  after  the  accident  he  suffered 
from  indigestion  and  constipation,  and,  during  the  recent  six  weeks,  he  has  lost 
fifteen  pounds  in  weight,  his  appetite  alternating  between  good  and  poor.  Two 
weeks  ago  he  was  thrown  over  the  head  of  a  pony,  with  the  result  of  a  little  lame- 
ness only.  Next,  he  was  seized  with  nausea  and  vomiting  after  doing  some  jump- 
ing and  then  immediately  afterward  swimming  for  half  an  hour.  The  vomiting 
continued  on  the  second  day;  abdomen  retracted  and  slightly  tender  in  the  epi- 
gastric region.  Calomel  followed  by  enemas  on  the  third  day  gave  one  good  move- 
ment; later,  there  was  no  result.  On  the  fourth  day,  the  pulse  and  temperature 
were  normal,  the  tongue  clean;  patient  able  to  walk;  much  retraction  of  the 
abdomen;  no  pain;  respiration  nearly  normal;  vomiting  continued.  Fifth  day, 
operation.  Incision  in  epigastrium.  It  was  found  that  the  omentum,  the  trans- 
verse colon,  and  the  greater  part  of  the  stomach  had  escaped  into  the  pleural 
cavity  through  a  hernial  opening  in  the  left  side  of  the  diaphragm.  It  was  diffi- 
cult to  draw  these  out,  because  the  negative  state  of  the  pleural  cavity  caused 
the  displaced  organs  to  be  drawn  hack  with  each  respiration,  even  against  strong 
pulling  on  them.  An  extensive  adhesion  of  the  omentum  to  the  upper  surface 
of  the  diaphragm  added  to  the  difficulties.  Resection  of  a  rib  stopped  the  suction 
and  made  it  possible  to  reduce  the  displaced  organs.     [Would  not  a  simple  incision 
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of  sufficient  size  between  two  ribs  liave  accomplished  the  same  purpose? — J.  C.  R.] 
The  opening  in  the  diaphragm  was  found  to  consist  of  a  split  of  the  muscle  fibres 
about  three  and  a  half  inches  long,  the  edges  of  which  fell  together  when  the  hernia 
was  replaced.  In  order  to  provide  the  edges  of  this  opening  with  an  adequate 
support,  gauze  was  packed  behind  it.  in  the  angle  between  the  chest  wall  and  the 
upper  surface  of  the  diaphi-agm.  and  the  free  end  of  the  mass  was  brought  out 
through  the  wound  in  the  thorax.  DYspna?a,  which  made  it  impracticable  to 
suture  the  diaphragm,  was  relieved  for  some  days  by  the  use  of  oxygen.  On  the 
fourth  day  an  attempt  was  made  to  siiture  the  diaphragm,  but  the  plastic  exudate, 
which  by  that  time  had  formed,  concealed  the  wound  so  effectually  that  it  could  not 
be  found.  Despite  the  facts  that  the  wound  had  not  been  sutured  and  that  an  em- 
pyema subsequently  developed,  what  appeared  to  be  a  complete  and  permanent 
cure  followed — due  probably  to  the  formation  of  adhesions  between  the  thoracic 
wall  and  the  damaged  diaphragm. 

Do  these  latent  cases,  even  when  examined  in  the  fuller  official  records, 
prove  that  the  hernia  has  not  existed  from  the  first,  and  that  the  rent  in  the 
diaphragm  has  remained  for  long  periods  patent,  though  empty?  "We  think 
not,  although  that  such  may  be  the  case  in  some  instances  is  possible.  The  fact 
of  finding  adhesions  between  the  imprisoned  \iscera.  and  between  them  and  the 
pleura,  casts  suspicion  on  the  recent  occurrence  of  their  extrusion;  and  when  it 
is  remembered  how  innocuous  great  scrotal  hernias  may  be  notwithstanding  the 
fact  that  their  necks  are  small,  and  how  long  large  foreign  bodies  may  remain 
in  vital  regions  unsuspected  by  anybody,  it  can  easily  be  imagined  that  the 
abdominal  organs  have,  in  these  cases,  been  in  the  thorax  from  the  time  of 
the  original  injury,  and  that,  as  may  be  observed  in  inguinal  hernia,  they  have 
in  many  instances  been  gradually  protruded.  The  sudden  onset  of  symp- 
toms of  obstruction  or  strangulation  proves  nothing  as  to  the  recent  protru- 
sion of  the  A^scera,  for  other  internal  hernias  are  known  to  remain  latent  for 
years  before  revealing  themselves.  Improbabilit}'  pleads  against  the  claim, 
founded  on  clinical  cases  similar  to  the  preceding,  that  a  tear  of  the  dia- 
phragm remains  unhealed,  for  generally  it  is  in  the  form  of  a  separation  of  .fibres 
and  woidd  be  expected  to  fall  together  as  naturally  as  the  fibres  in  ^IcBurne5"'s 
incision  for  appendicectomy,  and  as  we  have  seen  them  do  in  Demiis'  case. 
As  a  compromise  this  explanation  is  offered: — ^At  the  time  of  injury  a  fold 
of  peritoneum  only  may  have  been  nipped  by  the  rent  and  may  have  formed 
adhesions,  or  a  viscus  may  have  pushed  a  sac  before  it  thi-ough  the  diaphragm 
and  then  have  fallen  back  leaving  the  sac  to  adhere.  There  would  then  be 
a  permanent  weaK  spot  or  opening  tln'ough  which  at  any  time  viscera  might 
be  forced. 

This  latency  of  heiTfia  will  be  seen  in  a  nmnber  of  the  cases  to  wliich  reference 
is  about  to  be  made  for  other  reasons.  Chandler's  case,  for  example,  furnishes  an 
instance  of  the  occurrence  of  a  hernia  through  one  of  the  natural  openings  of 
the  diaphragm — an  opening,  it  is  true,  which  had  been  enlarged  by  trauma. 

(Chandler's  Case.)  Ten  yeare  previously  the  man  had  fallen  from  a  tree,  in- 
juring himself  so  severely  that  he  was  confined  to  his  bed  for  six  weeks.     When 
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he  started  to  work  he  comphiined  of  a  sharp  pain  deep  in  the  left  hypochondriac 
region.  The  pain,  of  varying  severity,  had  continued  until  the  present  attack, 
when  it  became  suddenly  quite  severe  and  death  ensued  in  twenty-four  hours. 
At  the  autopsy  the  liver  was  found  dragged  to  the  centre  of  the  abdomen,  its 
border  being  dark  and  congested;  the  spleen  was  congested  and  pressed  upward 
and  back;  the  oesophageal  opening  in  the  diaphragm  was  ruptured,  admitting 
a  ball  one  inch  and  a  half  in  cUameter,  and  through  this  opening  the  stomach,  all 
the  small  intestines  (to  a  point  eight  inches  above  the  ileo-csecal  valve)  and  also 
that  part  of  the  large  intestine  which  is  included  between  the  hepatic  flexure  and 
a  point  eight  inches  above  the  sigmoid  flexure,  had  escaped  into  the  thoracic  cavity. 
The  intestines  were  almost  coal-black  and  distended. 


VI.  TREATMENT  OF  WOUNDS  AND  HERNIiE  OF  THE  DIAPHRAGM. 

Even  though  patients  survive  the  original  accident,  as  we  have  seen  that 
they  do  in  many  instances,  there  still  remains  the  necessity  for  an  early  opera- 
tion, because  they  are  li\dng  under  an  impending  calamity.  (It  is  assumed, 
of  course,  that  an  acceptable  diagnosis  of  hernia  has  been  made.) 

Lenomiant,  of  the  French  Surgical  Society,  whose  article  *  we  freely  use, 
asked  the  question,  w'hether,  in  the  presence  of  a  wound  of  the  diaphragm 
which  had  been  satisfactorily  diagnosticated,  an  immediate  operation  should 
be  performed.  The  answer  given  was  unanimously  in  the  affirmative.  Indubi- 
table reasons  were  given  by  Font  Reaulx.  The  wounds  under  consideration 
involve  both  the  abdominal  and  the  thoracic  cavities,  and  it  is  now  a  well-estab- 
lished custom,  if  serious  symptoms  invite,  to  enter  either  of  these  ca^dties  when 
wounded.  In  cases  of  this  kind  there  are  almost  always  accompanying  lesions 
of  the  viscera  of  either  cavity  or  of  both,  and  these  almost  always  require  opera- 
tion for  their  correction.  As  has  been  plainly  shown,  the  existence  of  an  open- 
ing between  the  two  cavities  already  exposes  the  patient  to  great  perils. 
Although  cicatrization  of  a  wounded  diaphragm  has  been  proved  possible  by 
Refetto's  experiments  on  dogs,  such  cicatrization  is  known  to  be  rare.  The 
rarity  of  this  event  is  due  to  the  persistence  of  the  primitive  hernia. 

The  mortality  of  these  wounds,  if  left  to  themselves,  is  very  considerable. 
In  1893  Frey  collected  33  cases  in  which  no  attempt  at  treatment  had  been 
made.  Of  this  number  29  died.  In  2  of  the  cases  there  was  a  hernia  of  the 
omentum,  and  in  29  there  were  heiTiisB  of  other  \dscera.  Death  by  strangulation 
occurred  in  21 ;  it  took  place  immediately  in  one-third  of  these,  and  at  some  later 
time  in  the  remaining  two-thirds.  j\Iore  recently.  Font  Reaulx  has  collected  21 
cases  which  had  been  left  untreated  and  in  w^hich  16  deaths  occurred.  In  addi- 
tion to  the  lamentable  results  pre^dously  cited,  may  be  mentioned  cases  by  von 
Bergmann,  Spillman,  and  Severeanen  (each  one  case)  and  by  Schaetzler  (two 
cases).  On  the  other  hand,  cases  in  which  operative  interference  has  proved 
successful  are  now  easy  to  find.  Among  the  number  may  be  mentioned  that  of 
a  man  whose  chest  had  been  wounded  by  the  tusk  of  a  wild  boar.     From  the 

*  Revue  de  chirurgie,  1903^  xxvii. 
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wound,  which  was  located  in  the  eighth  interspace,  a  loop  of  intestine  protruded. 
An  operation  performed  ininiediately  after  the  injury  gave  permanent  reUef. 
Walker  has  reported  the  following  case:* — 

A  young  man  was  pinioned  under  a  falling  tree,  but  not  crushed.  Shock 
extreme:  pulse  rapid,  thready,  and  intermittent:  dyspncea  marked:  respirations 
shallow,  jerky,  and  rapid:  pain  agonizing  in  left  breast,  increased  by  coughing,  etc. 
Among  the  other  symptoms  observed  were:  a  short  cough,  with  sputum  streaked 
with  blood:  vomiting  at  first  of  simple  food  but  later  stercoraceous:  abdomen 
distended;  no  result  from  enemata;  diminished  expansion  of  left  chest:  the 
base  of  it  tympauitic.  ^^•ith  amphoric  breathing:  a  succussion  sound  heard  on 
shaking  the  thorax:  apex  of  heart  displaced  two  inches  to  the  right ;  seven  or  eight 
ribs  fractured  on  the  left  side.  The  abdomen  was  opened  in  the  epigastric  region. 
A  knuckle  of  bowel  eight  inches  long  and  much  congested  was  found  firmly  held 
in  a  rent  in  the  cUapln-agm.  It  was  reduced  after  considerable  traction  and  with 
some  cUfficulty.  Air  then  rushed  in  and  out  through  the  opening,  which  was  in 
the  muscular  part  of  the  diaphi-agm  and  admitted  three  fingers.  Lung  and  heart 
easily  palpated:  the  former  showed  no  ruptiu-e:  there  was  no  blood  in  the  pleiu-al 
ca^•ity.  but  clotted  blood  (three  ounces)  was  found  in  the  abdomen.  With  difficulty, 
four  interrupted  sutures  were  placed  in  the  diaphi-agm:  the  patient's  concUtion 
prevented  the  introduction  of  any  additional  sutures.  Pain  and  tympany  con- 
tinued for  twelve  hours,  but  the.?e  symptoms  were  reheved  by  free  catharsis  effected 
by  the  use  of  salines.     Rapid  recovery.     Work  as  a  carpenter  resumed. 

Altogether,  three  hundred  cases  of  operation  have  been  reported.  Some  of 
them,  Hke  those  just  reported,  had  imuiterrupted  recoveries:  ra  others  there 
were  serious  compUcations :  but  all  ultimately  recovered.  To  the  latter  class 
belongs  Manana's  case,  in  which  the  wotmd  was  in  the  seventh  left  interspace. 
The  eighth  and  ninth  ribs  were  resected,  food  was  foimd  in  the  pleiu-al  canity, 
and  the  rent  in  the  stomach  was  sewed  up.  Persistent  pleiu-isy  followed^  but 
eventually  healing  took  place. 

Successfid  operative  cases  have  been  reported  by  Ximi,  of  Xaples,  Italy. 
In  one  of  these,  in  which  there  had  been  a  stab  woimd,  resection  of  a  portion  of 
the  eighth  rib  was  fotmd  to  be  necessary'.  With  the  removal  of  this  part  of  the 
rib  it  was  discovered  that  there  was  a  woimd.  2.5  mm.  long,  in  the  diaphragm: 
and  after  this  woimd  had  been  sufficiently  enlarged  it  was  seen  that  a  wound. 
2  cm.  long,  also  existed  in  the  stomach.  The  latter  woimd  and  also  that  in  the 
diaphragm  were  sutm*ed.  Xo  drainage.  Outside  w-alls  sutured.  In  another 
of  X'imi's  cases  two  woimds  were  foimd  in  the  hver  and  one  in  the  kidney,  both 
of  them  requiring  to  be  sutured  in  order  to  check  a  considerable  hemorrhage. 
In  a  third  case  the  hemorrhage,  which  came  from  a  vessel  in  the  chaphragm 
and  was  considerable,  was  controlled  by  ligature. 

The  conclusion  is  therefore  warranted  that,  whenever  it  is  possible  to  affirm 
the  existence  of  a  wound  of  the  diaphragm,  with  or  without  a  wound  of  the 
viscera,  the  indication  is  urgent  to  interfere,  in  order  to  close  the  wound  and 
thus  to  prevent  all  possibihty  of  consecutive  hernia. 

*  Trans.  Amer.  Surg.  Association,  1900.  p.  246. 
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In  some  cases  a  diagnosis  can  be  made  with  certainty,  as,  for  example,  when 
a  portion  of  the  omentum  or  of  some  other  abdominal  viscus  emerges  through 
the  wound.  Instances  of  this  manifestation,  which  is  of  rather  frequent  occur- 
rence, have  already  been  given.  In  such  cases  a  diagnosis  is  evident  and  the 
course  to  pursue  clear;  but  when  there  is  no  certain  sign,  when  the  seat  and 
direction  of  a  wound  of  the  chest  make  it  probable,  however,  that  a  lesion  of 
the  diaphragm  exists,  the  surgeon  ought,  by  direct  exploration  of  the  wound 
and  by  careful  examination  of  the  superior  part  of  the  abdomen,  to  assure 
himself  of  the  state  of  the  muscle  and  then  to  decide  whether  or  not  he  should 
undertake  to  suture  the  tear  in  the  organ. 

When  an  operation  is  decided  upon,  the  question  arises.  What  is  the  best 
route  to  follow?  Surgical  opinion  is  divided.  Some — as,  for  example,  Refetto, 
Schoenwerth,  Glantenay,  and  Auvray — have  given  the  preference  to  a  ca^iot- 
omy,  while  others  advocate  the  route  by  way  of  the  thorax.  Borouck  followed 
the  abdominal  route  in  a  case  in  which  transpleural  interference  was  prevented 
by  hemorrhage.  This  is  the  only  case  on  record  in  which  it  was  found  nec- 
essary to  abandon  the  route  by  way  of  the  chest. 

The  Abdominal  Route. — The  results  of  these  cases  of  coeliotomy  (eight  in  all) 
are  far  from  brilliant.  Two  were  cured.  Refetto,  by  the  abdominal  incision, 
could  not  reach  the  wound  in  the  diaphragm  and  was  then  obliged  to  perform 
at  the  same  time  a  thoracotomy.  Death  followed.  Four  succumbed  to  wounds 
of  the  stomach,  the  existence  of  which  had  not  been  perceived  at  the  time  of 
the  operation.  Of  the  two  ccehotomies  described  in  detail  on  a  previous  page, 
that  performed  by  Dennis  had  to  be  supplemented  by  an  opening  in  the  chest 
to  prevent  suction  (successful),  and  in  Walker's  case  it  was  found  necessary 
to  exert  upon  the  viscera  a  degree  of  traction  that  many  surgeons  would  not 
hke  to  make,  especially  if  the  operation  was  performed  a  considerable  length 
of  time  after  the  wound  had  been  inflicted.  As  special  difficulties  of  the  abdomi- 
nal route  may  be  mentioned  the  following: — It  is  not  at  all  easy  by  this  route 
to  reach  the  wounded  viscera,  the  wounds  themselves  being  situated,  as  a  rule, 
vis-a-vis  to  the  opening  in  the  diaphragm;  prolonged  and  difficult  manoeuvres 
are  required  to  bring  the  wounds  into  view;  the  sac  itself,  being  located  above 
the  diaphragm,  cannot  be  reached  directly  by  this  route ,  if  it  should  be  found 
necessary  to  enlarge  the  tear,  the  task  will  prove  difficult  of  accomplishment 
by  way  of  the  abdominal  opening;  and,  finally,  it  will  be  found  exceedingly 
difficult  by  this  route  to  apply  sutures  to  the  diaphragm,  repeated  trials  being 
often  required  before  success  is  attained.  In  Dennis'  case,  for  example,  the 
attempt  had  to  be  abandoned.  The  difficulty  is  due  not  alone  to  the  dome  shape 
of  the  region  in  which  the  suturing  must  be  done,  but  also  to  the  presence  of  the 
stomach  and  colon,  organs  which  are  difficult  to  keep  out  of  the  way  of  the  needle, 
and  which  make  suturing  actually  dangerous.  The  only  period  at  which  the 
adoption  of  the  abdominal  route  is  permissible  is  that  immediately  following 
the  infliction  of  the  wound,  before  adhesions  and  tight  constrictions  have  had 
time  to  form.  In  the  case  of  inguinal  hernias  an  exactly  analogous  situation 
is  encountered   when  the    attempt    is    made    to  attack  the    hernia  from  the 
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peritoneal  cavity.  Two  or  three  times,  in  the  hi.'^tory  of  surgery,  strong 
advocates  have  arisen  for  the  plan  of  approaching  these  hernias  from  within, 
but  they  have  always  been  met  with  deaf  ears. 

The  Thoracic  Route. — This  route  presents  great  advantages.  It  has  one 
decided  merit,  viz.,  that  the  external  wound  itself  serves  as  a  guide.  The  chest 
is  to  be  opened  at  the  site  of  this  wound,  and  the  course  of  the  wounding  in- 
strument is  to  be  followed  step  b)''  step.  This  course  is  not  necessary  when  the 
diagnosis  is  made  certain  by  the  presence  of  a  hernial  protrusion  at  the  mouth 
of  the  wound  or  by  other  unmistakable  signs,  but  it  is  to  be  followed  when  proba- 
bilities are  to  be  rendered  certainties  by  exploration.  Further,  this  is  the  most 
direct  route ;  it  affords  space  for  reducing  the  hernia  if  one  is  found  to  exist,  and 
for  enlarging  the  diaphragmatic  wound  and  treating  the  sac,  and  it  also  permits 
the  use  of  pincettes  in  holding  the  edges  of  the  wound  together  while  suturing 
is  being  done.  There  are  two  objections  to  thoracotomy.  The  first  is  the  danger 
of  pneumothorax.  Lenormant  reports  great  diversity  of  opinion  in  regard  to 
this,  but,  after  the  full  discussion  of  the  subject  already  given  under  Wounds 
of  the  Diaphragm,  it  vdW  be  necessary  only  to  add  that,  in  twenty -two  of  his 
cases,  the  difficulty  was  not  mentioned  once.  The  second  objection  is,  that 
the  route  does  not  permit  exploration  of  the  peritoneum  and  its  contents. 
This  objection  is  valid  in  regard  to  those  cases  in  which  it  is  necessary  to  remove 
from  the  peritoneal  ca^dty  particles  of  food,  blood,  etc.;  but,  in  the  cases  in 
which  it  is  important  to  ascertain  what  viscera  have  been  wounded,  we  have 
seen  that  the  objection  Hes  the  other  way,  that  such  wounds  have  been  more 
often  overlooked  in  operations  by  wa}^  of  the  abdominal  route  than  in  those  b}' 
way  of  the  thorax.  This  is  doubtless  because  the  wounds  in  the  ^'iscera  lie 
vis-a-vis  to  those  in  the  diaphragm;  and  then,  so  far  as  treating  these  wounds 
is  concerned,  Nkni  and  others  have  shown  us  that  the  stomach,  liver,  and  kid- 
ney can  be  successfully  sutured  from  above.  Of  course,  no  hard  or  fast  rules 
can  be  made  for  surgical  procedures,  and  each  case  mil  be  approached  according 
to  its  indi^adual  features;  but,  from  the  observations  given,  the  superiority 
of  the  transpleural  route  in  the  treatment  of  thoracico-abdominal  .wounds 
seems  to  be  indisputably  established.  The  experience  gained  from  clinical 
observation  is  confimied  by  that  which  is  furnished  by  the  statistics  of  these  two 
operations;  the  mortality  for  coeliotomy  being  62.5  per  cent,  while  for  thoracot- 
omy it  is  only  thirteen  per  cent. 

Technique  of  the  Operation. — A  regular  technique  is  difficult  to  establish, 
because  of  the  great  variations  in  the  wound.  A  few  of  the  different  procedures 
will  be  mentioned  here.  Some  operators  use  a  large  trap-door  opening;  Rydy- 
gier  makes  an  incision  in  the  fifth  or  sixth  interspace,  commencing  at  the 
costal  cartilage.  From  the  posterior  end  of  this  a  vertical  incision  is  made 
downward,  covering  several  interspaces,  and  the  triangular  flap  of  skin,  muscle, 
and  bone  is  turned  downward  and  inward.  Slobet  makes  an  elliptical  cut  that 
extends  from  the  fourth  rib  obliquely  downward  to  the  ele^'enth  rib  and  then 
upward  to  the  fourth.  After  this  flap  has  been  reflected  he  divides  the  seventh, 
eighth,  and  ninth  ribs  in  front  and  behind.     Rochard  suggests  excision  of  the 
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ninth  ril^  through  an  incision  about  fifteen  centimetres  in  length;  the  operation 
to  be  i)ro('eeded  with  only  after  retraction  of  the  lung  has  taken  place.    Resection 

of  one  rib  is  certainly  often  suf- 
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Fig.  188. — Incision.  Flap  turned  back,  exposing  cos- 
tal arch,  to  which  the  peritoneum  and  transversalis 
muscle  remain  attached.  (Willy  Meyer,  in  the  Journal  of 
the  American  Medical  Association,  October,    1906.) 


fieient,  and  it  is  seldom  that  the 
incision  need  extend  above  the 
eighth  rib  in  front,  or  the  seventh 
behind.  Sometimes  there  is  al- 
ready loss  of  rib  tissue  (in  one  case 
the  fragment  measured  24  cm.  in 
length)  and  a  trap  door  can  then 
be  lifted  with  little  further  divis- 
ion. Notwithstanding  the  state- 
ment that,  in  a  mere  separation 
of  the  fibres  of  the  diaphragm, 
the  edges  of  the  wound  would 
fall  together  without  the  aid  of 
sutures,  we  must  adopt  the  stern 
lesson  of  clinical  experience  and 
suture  the  wound  in  every  case 
where  the  patient's  condition  per- 
mits it.  This  can  be  best  done  by  holding  each  edge  quiet  by  means  of  a 
pincette  and  then  uniting  the  two,  after  accurate  coaptation,  by  means  of  a 
continuous  or  glove  stitch  of  chromicized  catgut.  Through  an  opening  in  the 
chest  wall  this  is  not  a  difficult  a 
procedure,  because  of  the  dome-  %  \ 
like  upward  curving  of  the  dia- 
phragm. In  each  individual  case 
the  question  whether  drainage  is 
to  be  used  or  not,  will  have  to  be 
decided  upon  its  merits.  Suc- 
cessful results  have  been  obtained 
in  some  cases  without  drainage. 
There  need  be  no  hesitation  about 
enlarging  the  wound  in  the  dia- 
phragm if,  for  the  purpose  of  re- 
ducing a  hernia  or  of  repairing 
viscera,  such  a  step  seems  desira- 
ble. In  fact,  it  is  preferable  to 
make  such  an  enlargement  rather 
than  to  use  any  force  in  our  at- 
tempts at  reduction.  If  pneu- 
mothorax causes  trouble  after  the 
operation  a  measure  may  be  adopted  which  was  used  in  the  Civil  War  and 
long  before,  viz.,  the  removal  of  the  air  from  the  chest  by  aspiration.  What- 
ever air  may  remain  behind  is  usually  soon  absorbed. 
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Fig.  189. — Incision.  Flap  turned  back,  showing  the 
seventh,  eighth,  ninth,  and  tenth  costal  cartilages  divid- 
ed close  to  where  they  join  the  ribs,  and  also  the  seventh 
cartilage  divided  near  the  sternum.  (Willy  Meyer,  in  the 
Journal  of  the  American  Medical  Association,  October, 
1906.) 
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Another  mode  of  traversing  the  chest,  in  order  to  reach  the  diaphragm,  is 
that  first  used  by  Walther  in  1892.  According  to  this  plan  the  same  coiii-se  is 
piii-siied  as  that  which  is  adopted  in  all  cases  where  intentionally  we  traverse 
the  pleura  to  reach  the  liver,  that  is,  by  stitching  the  diaphragm  to  the  parietes 
of  the  thorax,  a  method  that  will  be  further  described  under  Subdiaphragmatic 
Abscess.  The  plan  has  been  followed  by  von  Frey,  Amante,  Henii  Girard, 
Zeidler.  and  Grekow.  Lenormant  has  had  "no  personal  experience  with  the 
method,  but,  from  my  cases,  the  other  plan  has  seemed  so  simple  of  execution, 
and  has  given  such  perfect  results — to  others  as  well  as  to  myself — ^that  I  see 
no  reason  for  abandoning  the  latter,"  Unless  infection  be  present  this  course 
certainly  seems  imnecessary.  As  in  the  case  of  hernias  in  other  parts  of  the 
body,  protruded  omentum  had 
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better  be  amputated,  especialh 
so  if  the  mass  is  of  considerable 
bulk. 

Other  points  of  technique 
will  be  found  in  the  sections  of 
this  article  which  relate  to  the 
treatment  of  wounds  and  of  sub- 
diaphragmatic abscess. 

The  conclusions  given  above 
in  regard  to  the  policy  of  oper- 
ating ''remain  true  and  reliable 
whether  there  are  or  are  not  ac- 
companying wounds  of  \dscera; 
upon  the  latter  depends  largely 
the  gra\'ity  of  the  prognosis." 
On  the  other  hand,  if  these  con- 
clusions prove  tiiie  in  chronic 
diaphragmatic  hernia,  in  cases  in 
which  we  have  reason  to  suspect 
the  existence  of  hernia,  do  they  also  hold  true  for  the  interval  between  an 
accident  and  the  appearance  oi  strangulation?  Should  an  operation  of  elec- 
tion be  undertaken  for  the  radical  cure  of  a  diaphragmatic  hernia?  The  only 
case  of  this  kind  which  we  are  able  to  report  is  Llobet's,*  in  which  by  means 
of  an  extensive  plastic  operation  on  the  side  of  the  chest,  an  old  hernia  was 
cured.  A  man  had  received,  twelve  years  before,  a  deep  puncture  in  the 
eighth  intercostal  space  on  the  right  side.  This  injury  was  followed,  in  the 
course  of  forty-eight  hours,  by  a  small  swelling  which  increased  in  size  when 
the  patient  coughed.  At  the  end  of  twelve  months  it  had  become  as  large 
as  a  hen's  egg,  and  subsequently,  although  it  did  not  enlarge,  it  caused 
increasing  pain  and  discomfort,  and  much  difficulty  in  breathing.  Otherwise 
the  patient  was  in  fair  health.  The  respiratory  movements  were  less  free  than 
noi-mal.    A  flap  of  chest  wall  was  made  in  the  manner  described  in  detail  in 

*  Re%T.ie  lie  chirurgie,  Mar.,  1S95, 


Fig.  190. — Incision.  The  skin-muscle  flap  having  been 
returned  to  its  place,  it  and  the  vrnderljang  costal  arch  were 
then  raised  and  turned  back  against  the  wall  of  the  chest, 
thus  exposing  the  liver  fully  to  %'iew  and  showing  the  he- 
patic hgament  being  pulled  "toward  the  median  Une.  (Willy 
Meyer,  in  the  Journal  of  the  American  Medical  Association, 
October,  1906.) 
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Llobet's  article.  After  it  had  been  lifted  up  it  was  seen  that  the  external  tumor 
formed  part  of  a  large  hernia,  containing  omentum  and  a  portion  of  the  trans- 
verse colon.  The  protmded  omentum  and  the  hernial  sac  were  resected  and 
the  opening  in  the  diaphragm  was  closed  by  two  rows  of  sutures — one  for  the 
peritoneum  alone  and  one  for  the  muscle.  The  trap  door  was  then  replaced,  the 
detached  portion  of  the  ninth  rib  being  fixed  in  its  place  by  wire  suture,  and 
the  structures  by  two  rows  of  sutures.  The  hernial  orifice  in  the  eighth  inter- 
space was  closed  b)'^  a  suture. 
'  At  the  end  of  the  third  week,  the 
patient  was  regarded  as  abso- 
lutely cured. 

This  case,  when  considered  in 
connection  with  the  general  prin- 
ciples of  diaphragmatic  surgery 
now  so  weir  elucidated,  will  lead 
surgeons  at  the  present  time  to 
treat  an  old  phrenic  hernia  in 
precisely  the  same  manner  as 
they  do  any  disability  which 
imperils  the  patient's  life — viz., 
by  a  systematic  operation. 

Dr.  E.  Wyllys  Andrews,  in 
Surgery,  Gyncecology,  and  Ob- 
stetrics, Feb.,  1907,  makes  the 
following  suggestion  with  refer- 
ence to  suturing  the  diaphragm : — 
''The  diaphragm  (from  the  abdo- 
men) was  difficult  of  suture.  The 
expedient  was  adopted  of  making 
a  transpleural  exclusion  by  one  or 
two  deep  loop  or  mattress  stitches. 
These  extended  through  an  inter- 
costal space  across  the  lower  angle  of  the  pleural  cavity  into  the  peritoneum,  through 
the  diaphragm,  where  the  fingers  inside  received  the  needle.  The  latter  was  then 
pushed  back  on  the  other  side  of  the  cut  and  then  through  the  skin.  In  this  way 
the  thin  edge  of  the  pleural  cavity,  as  well  as  the  wound  in  the  diaphragm  and  the 
wound  in  the  chest  wall,  were  occluded,  the  lung  having  receded.  The  rushing  of 
air  at  once  ceased." 

For  syncope,  especially  that  resulting  from  chloroform  narcosis,  it  has  been 
proposed  to  apply  rhythmic  massage  to  the  heart  by  inserting  the  hand  through 
an  incision  in  the  epigastrium  and  grasping  the  organ  through  the  diaphragm 
without  opening  the  latter.  (Such  an  opening,  however,  has  been  made  in  a 
few  cases.)  In  a  majority  of  the  twenty-five  cases  reported  {Revue  de  chirurgie, 
Paris,  1906,  XXVI.,  No.  3)  the  cardiac  contractions  continued  as  long  as  the 
massage  lasted. 


Divided  hepatic 
JjigciTn^nt 


\ 


Fig.  191. — Incision.  Hepaticligament  di^^ded  as  liigli 
up  as  where  it  is  attached  to  the  diaphragm.  Strong 
traction  is  being  used  upon  the  ligament  in  a  direction 
partly  downward  and  partly  toward  the  median  Une  for 
the  purpose  of  bringing  the  liver  more  extensively  into 
view.  (Willy  Meyer,  in  the  Journal  of  the  American  Med- 
ical Association,  October,  1906.) 
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Fig.  192. — Straight  Median  Incision.  Rectu.s  muscle 
is  pulled  outward  and  upward,  the  peritoneum  and 
transversalis  muscle  toward  the  median  line.  The 
costal  arch  is  exposed.  (Willy  Meyer,  in  the  Journal 
of  the  American  Medical  Association,   October,  1906.) 


To  i-each  the  doinc  of  the  (liaphragm  \Mlly  Meyer  (in  the  Journal  of  the 

American  Medical  Association,  Oct.  (ith,   190(5)  recommends  the  following  plan 

of  resecting  the  costal  arch.     He 

was    driven,    on   the    spur  of  the 

moment,  to  adopt   this    course   in 

removing   a   large   spleen,  and  he 

suggests  that  it  ma}^  be  followed  to 

advantage  in  reaching  the  cardia  in 

operating  in  case  of  shot  wounds 

of    the   diaphragm,    etc.     To   the 

median  abdominal  incision  is  to  be 

added    a    transverse    one,   which 

should  extend  to  the  tip  of    the 

eleventh  rib.     The  space  between 

the  posterior  surface  of  the  belly  of 

the  rectus  and  the  mass  of  tissue 

composed  of  the  peritoneum,  the 

posterior  sheath  of  the  rectus,  and 

the  transversalis  fascia,  is  then  en- 
tered.    From  here,    by   means  of 

blunt  dissection,  there  is  no  diffi- 
culty in  reaching  the  border  of  the  costal  cartilages  (Fig.   188),  for  the  simple 

reason  that  the  rectus  and  the  external  obhque  muscles  have  their  origins  farther 

up  on  the  thorax  and  are  attached 
to  the  latter,  in  the  portion  ^Yhich 
is  concerned  in  the  present  opera- 
tion, by  veiy  loose  connective  tis- 
sue only.  Then  the  seventh  car- 
tilage, which  represents  the  union 
of  three  separate  costal  cartilages, 
was  cautiously  di^dcled  by  the 
knife  close  to  its  sternal  attach- 
ment, and  the  seventh,  eighth, 
ninth,  and  tenth  cartilages  were 
likewise  divided  just  in  front  of 
their  union  with  the  ribs  (Fig. 
189).  After  this  has  been  ac- 
complished the  flap  composed  of 
skin  and  muscle  is  replaced  in  its 
nomial  position  and  two  sharp 
retractors  (or,  better,  the  assist- 
ant's hands)  are  hooked  into  the 


Fig.  193. — Straight  Median  Incision ;  cartilages  of  the 
eighth,  ninth,  and  tenth  ribs  di^-ided.  In  this  specimen 
the  cartilage  of  the  eighth  rib  is  not  united  with  that  of 
the  seventh  near  the  sternum.  ( Willj^  Meyer,  in  the  Jour- 
nal of  the  American  Medical  Association,  October,  1906.) 


peritonemii,  and  the  costal  arch  is  raised.  Later,  the  osteoplastic  flap  is  re- 
turned and  pressed  into  position,  the  edges  of  the  incision  are  sutured,  and  the 
abdomen  is  well  strapped  with  zinc  adhesive  plaster  and  snugly  bound  by  a  binder. 


478 


AMERICAN  PRACTICE  OF  SURGERY. 


In  case  of  need  the  ribs  may  be  divided  in  place  of  their  cartilages,  the  divi- 
sion being  made  at  points  located  farther  outward,  and  in  addition  the  fifth  and 
sixth  ribs  may  also  be  divided.  The  convex  surface  of  the  liver  can  be  better 
reached  by  pulling  on  the  suspensory  ligament  (Fig.  190)  or  by  dividing  the 
latter  and  then  using  it  for  strong  downward  traction  (Fig.  191). 

From  operations  made  upon  the  cadaver  Meyer  has  learned  that  the  usual 

median  (or  rectus)  incision  can 
well  be  combined  with  osteo- 
plastic resection,  without  mak- 
ing at  the  same  time  the  trans- 
verse incision  mentioned  above 
(Figs.  192,  193,  and  194),  but  of 
course  the  amount  of  available 
space  which  will  be  secured  in 
this  manner  will  not  be  as  great 
as  that  afforded  by  the  T-shaped 
incision  or  by  an  oblique  incision 
extending  from  the  xiphoid 
cartilage  to  the  tip  of  the  tenth 
rib  (Fig.  195).  If  the  latter  in- 
cision is  primarily  feasible  it  will 
afford  excellent  access,  but  in 
order  to  close  it  properly  it  will 
be  found  desirable  to  employ 
through-and-through  sutures. 

I  cannot  leave  the  subject 
without  contrasting,  by  means 
of  a  quotation  only  twenty-five 
years  old,  the  present  state  of 
the  surgery  of  this  region  with  that  of  1881.  "We  are  silent  on  the  subject 
of  treatment.  We  cannot  hope  to  close  the  aperture  [in  the  diaphragm]  by  any 
measures  which  science  or  mechanical  surgery  would  justify;  could  we  accurately 
detect  the  existence  of  a  protrusion  it  were  in  vain  to  attempt  its  reduction  with 
any  benefit  to  the  patient,  or  credit  to  ourselves."     (Holmes'  "Syst.  of  Surg.") 


Fig.  194. — Straight  Median  Incision.  Lumbar  region 
of  the  cadaver  raised ;  skin-muscle-bone  flap  pulled  upward 
and  outward,  exposing  a  large  area  of  the  stomach;  the 
cardia  incised  (the  dark  area  in  the  centre  of  the  picture), 
and  the  cut  edges  held  apart  by  hooks.  (Willy  Meyer,  in 
the  Journal  of  the  American  Medical  Association,  October, 
1906.) 


VII.   SUBPHRENIC  ABSCESS. 


In  preparing  this  section,  the  freest  use  has  been  made  of  M.  Griineisen's 
comprehensive  article,  "Ueber  die  subphrenischen  Abscessen,"  Archiv  f.  kli- 
nische  Chirurgie,  1903,  No.  70. 

Collections  of  pus  under  the  diaphragm  can  come  from  different  organs,  and 
the  course  of  the  case  is  influenced  a  good  deal  by  the  location  which  the  pus 
occupies — i.e.,  whether  it  is  within  or  without  the  peritoneal  covering.  Such 
collections  are  separated  from  the  rest  of  the  peritoneal  cavity  by  the  transverse 
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colon  with  its  mesocolon  and  its  attached  omentum,  these  structures  together 
crossing  the  cavity  like  a  partition.  A  focus  of  inflammation  or  of  suppuration 
located  below  the  diaphragm  may  be  barred  from  the  remainder  of  the  cavity 
by  adhesions  between  the  colon,  omentum,  and  parietes.  Out  of  288  cases 
the  cause  is  distributed  among  the  various  organs  in  the  following  proportions 
(percentages):  Stomach,  32.2;  appendix,  26;  biliary  passages,  8;  thorax,  3.8; 
intestines,  3 ;  perinephritic  struc- 
tures, 3;  female  genitals,  3; 
pancreas,  2 ;  spleen,  2 ;  duode- 
num, 1;  ribs,  0.5;  and  the  re- 
mainder, in  unkno\^T^  parts,  5. 
The  distribution  according  to 
causes  was:  traumatic,  3.8  per 
cent;  ecliinococcus,  2  per  cent; 
metastatic,  2  per  cent.  An  un- 
usually important  part  in  etiol- 
ogy is  played  by  the  appendix. 
Apparently  far  removed  and 
without  close  anatomical  rela- 
tionship, this  organ  still  sup- 
pHes  the  cause  in  a  large  num- 
ber of  cases.  A  second  much 
smaller  group  of  primary  causes 
is  found  in  diseased  ribs,  pleura, 
and  mediastinum,  but,  taken  all 
together,  these  lead  to  very  few 
cases. of  subphrenic  abscess. 

The  locations  of  the  pus  collections  may  be  as  various  as  the  causes.  With 
reference  to  this  point,  it  will  be  fomid  that  two  large  groups  may  first  be  dis- 
tinguished— ^the  intraperitoneal  and  the  extraperitoneal,  i.e.,  those  whose  walls 
are  entirely  made  up  of  peritoneum,  and  the  others  which  spread  themselves  be- 
tween the  tissues  of  the  diaphragm  and  its  peritoneal  covering.  Of  these  two 
classes  of  cases  the  intraperitoneal  is  decidedly  the  more  common.  The  ex- 
traperitoneal collections  cannot,  of  course,  occupy  the  whole  dome  of  the  dia- 
phragm, because  the  peritoneum  is  attached  so  finnlj^  at  places  that  it  cannot 
be  stripped  off  by  the  fluid.  Hence,  retroperitoneal  subphrenic  abscesses  can 
be  spoken  of  as  such  only  in  a  restricted  sense,  rather  as  suppurations  that 
reach  up  under  the  diaphragm.  But  these  retroperitoneal  phlegmons  may  enter 
the  peritoneal  cavity  by  breaking  through  the  membrane,  between  the  liver 
and  the  diaphragm.  Abscesses  of  this  nature  and  source  are  often  connected 
with  perityphlitic  (appendiceal)  abscesses.  Maydl  has  observed  that  extra- 
peritoneal abscesses  perforate  more  freely  into  the  chest  cavity  than  do  those 
of  the  intraperitoneal  type,  but,  in  the  case  of  the  latter,  exudation  into  the 
pleura  is  more  frequent. 

Besides  this   division  into  intraperitoneal  and  extraperitoneal  subphrenic 


Fig.  195. — Oblique  Incision.  After  di-\dsion  of  the  costal 
cartilages,  as  before  (Fig.  193),  an  osteoplastic  flap  is 
raised,  exposing  the  vault  of  the  diaphragm,  and  an  incision 
is  made  in  the  cardia.  (WiUy  Meyer,  in  the  Journal  of 
the  American  Medical  Association,  October,  1906.) 
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abscesses,  the  position  as  to  right  or  left  calls  for  consideration,  for  there  is  some 
variety  of  boundaries  here,  especially  on  the  left  side,  where  several  different 
organs  arc  to  be  found.  On  this  side  are  to  be  described  three  regions  of  occu- 
pancy: 1,  the  ''space"  between  the  liver  and  the  diaphragm;  2,  "loge  peri- 
splenique,"  a  region  which  is  bounded  on  the  inner  side  by  the  stomach  and  the 
pancreas,  on  the  outer  by  the  diaphragm  and  the  ribs,  and  above  by  the  dia- 
phragm and  the  outer  part  of  the  left  lobe  of  the  liver;  3,  the  "loge  retrostoma- 
chale,"  the  bursa  omentalis  or  ''lesser  cavity."  In  general,  to  the  first  of  these 
regions  may  be  assigned  abscesses  resulting  from  perforation  of  the  stomach; 
to  the  third,  those  from  perforation  of  the  stomach  and  from  pancreatic  suppura- 
tion ;  but  all  such  designations  of  limits  can  be  schematic  only,  as  the  variations 
and  overextensions  are  so  numerous.  Only  the  intraperitoneal  right-sided 
abscesses  between  the  liver  convexity  and  the  diaphragm,  and  the  left-sided 
ones  containing  gas  are  characteristic,  and  this  to  a  limited  extent.  Usually 
we  may  assume  that  abscesses  lie  on  the  same  side  of  the  body  as  the  organs 
from  which  they  spring.  Especially  is  this  true  of  retroperitoneal  abscesses.  In 
the  case  of  intraperitoneal  abscesses,  there  are  more  exceptions,  but  even  of 
these  it  is  still  generally  true.  Abscesses  of  appendiceal  or  gall-duct  origin  lie 
on  the  right  side,  those  originating  in  a  perforation  of  the  stomach  and  in  splenic 
disease  lie  on  the  left.  In  the  case  of  an  abscess  originating  in  the  stomach  the 
location  will  probably  be  on  the  right  side  if  the  disease  started  from  a  carcinoma, 
because  the  pylorus  is  the  part  more  frequently  affected  by  cancer;  but  it  will 
be  located  on  the  left  side  if  the  disease  started  from  an  ulcer  of  that  organ. 
Occasionally  these  abscesses  are  a  part,  or  more  often  a  remnant,  of  a  general 
peritonitis,  in  which,  after  absorption  has  taken  place,  or  after  operative  drainage, 
some  vestiges  remain  encapsuled  behind  the  colon  or  under  the  diaphragm, 
and  these  at  any  time  may  assume  an  acute  phlegmonous  character. 

Children  are  less  disposed  to  this  affliction  than  adults,  the  proportion  given 
in  the  latest  statistics  being  about  eighteen  per  cent.  In  them  the  abscess 
is  likely  to  develop  suddenly  and  to  run  a  quick  course,  and  Maydl  shows  that 
the  cause  is  very  seldom  to  be  found  in  the  subdiaphragmatic  region.  Parie- 
tal (costal)  caries  is  a  more  frequent  factor  than  it  is  in  adults,  and  so  is  tabes 
mesenterica.  Disease  of  the  appendix  is  now  known  to  be  a  frequent  cause 
of  subphrenic  abscess  in  children. 

The  course  of  abscesses  of  this  region  may  be  extremely  slow,  or  indeed 
they  may  slumber  for  long  periods.  A  man  convalescing  from  typhoid  developed 
on  the  left  side  an  abscess  which  was  approached  through  the  pleura.  The  knife 
could  find  but  one  small  spot  in  the  stony  wall  of  the  abscess  through  which 
an  opening  could  be  made.  The  abscess  was  drained.  Later,  the  calcareous 
walls  were  removed  from  the  liver,  stomach,  spleen,  omentum,  and  transverse 
colon.  The  presence  of  the  bacillus  of  typhoid  was  demonstrated.  From 
the  character  of  its  wall  it  was  evident  that  the  abscess  must  have  existed 
for  a  long  time,  and  that  it  must  have  become  reinfected  by  typhoid  bacilli. 
{Erft.  Med.  Jour.,  Dec.  22d,  1909.) 

The  character  of  the  abscess  contents  depends  on  the  origin  of  the  trouble. 
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It  inay  be  creamy  pus  from  the  kidney  or  rib;  thin,  dirty-lookmg,  foul-smehing 
pus  from  the  appcncHx;  a  thhi,  serous  fluid  when  it  represents  a  remnant  from 
a  general  peritonitis;  i)us  mixed  with  gas  when  it  has  originated  from  an  appen- 
dicitis, or,  as  was  observed  in  one  case,  a  fluid  of  a  golden  green  color;  and  a 
dirty-looking  pus,  with  gas  and  particles  of  food  and  a  distinctly  sour  smell, 
when  it  has  originated  from  a  perforated  stomach.  Sometimes,  in  an  abscess 
which  has  originated  from  a  perforated  stomach  or  from  a  perforated  duodenum, 
the  cavity,  although  large,  may  contain  almost  no  pus,  but,  instead,  putrid  gas 
— a  circumstance  which  may  lead  to  serious  mistakes  when  aspiration  is  re- 
sorted to  as  a  test.  The  frequency  with  whicli  such  collections  contain  gas  has 
been  much  overestimated.  Furthermore,  the  origin  of  the  gas  has  received 
various  explanations,  some  maintaining  that  it  comes  only  from  the  perforation 
of  a  gas-holding  viscus,  while  others  claim  that  it  is  generated  by  gas-producing 
organisms.  Both  are  correct.  Perforation  of  gas-holding  organs  is  known  to 
occur  as  a  frequent  cause  of  such  abscesses,  and  gas  can  certainly  escape  at  the 
same  time.  Then,  again,  if  a  perforation  occurs  without  escape  of  gas  the 
extravasated  matters  contain  organic  material  which  is  ready  for  putrefaction 
— i.e.,  for  the  development  of  putrefactive  bacteria.  Or,  without  the  presence 
of  a  perforation,  organisms  can  readily  pass  through  the  inflamed  bowel  wall, 
as  we  know  the}'  do  in  strangulations.  Finally,  we  have  gas-producing  inflam- 
mations in  other  parts  of  the  body.  Claimont  and  Rauzi  (Wiener  klinische 
Wochensch.,  1905,  XVHL,  No.  25)  fully  support  Griineisen  in  his  contention  that 
in  abscesses  such  as  are  here  under  consideration,  gas  may  and  often  does  come 
from  bacterial  growth,  while  Leyden,  on  the  other  hand,  maintains  that  it  comes 
from  a  perforation  only.  The  first  proven  case  was  Weber's,  and  the  responsible 
parasite  the  Paracolibacillus  aerogenes.  As  showing  the  difficulty  of  reaching 
a  conclusion  as  to  the  source  of  the  gas  such  a  case  as  the  following  may  be  cited: 
— The  patient,  an  adult,  after  suffering  for  four  weeks  from  what  was  called  a 
"peritonitis"  (w^hich  might  easily  have  been  pleurisy),  passed  into  a  condition 
of  collapse,  with  coughing,  breathlessness,  stitches  in  the  left  side,  etc.  A  large 
abscess  was  found  beneath  the  diaphragm.  It  contained  putrid  gas,  -but  no 
stomach  contents.  Operation  and  the  establishment  of  drainage  failed  to 
prevent  a  fatal  issue.  At  the  autopsy  were  found:  a  large  empyema;  two 
small  perforations  in  the  A^ry  thin  diaphragm,  both  of  them  leading  into  the  ad- 
herent limg;  a  large  round  ulcer  in  the  stomach  wiiich  was  adherent  to  the 
liver. 

Symptoms. — It  is  generally  claimed  to  be  impossible  to  give  an  haiTnonious 
chnical  picture  of  this  affection  or  to  distinguish  it  clearly  from  other  diseases, 
so  many  are  the  cUfferent  aspects  and  changing  conditions  under  which  it  is 
met.  This  is  doubtless  true,  since  subphrenic  abscess  is  a  malady  which  results 
from  or  accompanies  other  and  often  very  various  ailments — in  short,  is  a  symp- 
tom of  some  other  trouble.  While  it  may  not  always  be  practicable  to  ascertain 
the  mode  of  origin  of  a  subphrenic  abscess,  it  is  agreed  that,  only  by  the  earliest 
possible  recognition  of  the  condition  and  a  correct  perception  of  the  clinical 
picture,  are  we  able  to  undertake  the  one  practical  measure  for  its  relief,  viz., 
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the  emptying  of  the  abscess.  On  this  account  it  will  be  desirable  to  present, 
from  the  confusing  multitude  of  symptoms,  only  the  relatively  constant  fea- 
tures. 

Tlio  subphrenic  abscess  is  a  circumscribed  peritonitis.  We  see  the  beginning 
of  it  under  the  features  of  an  acute  or  gradually  developing  peritonitis.  Often, 
after  some  insignificant  complaint,  which  it  was  only  possible  afterward  to  refer 
to  the  original  disease,  the  patient  suffers  sudden  collapse,  nausea,  vomiting,  and 
pain.  In  other  cases,  especially  those  in  which  the  disease  advances  behind 
the  peritoneum,  the  course  is  of  a  more  insidious  character,  the  picture  less 
clear.  The  subjective  symptoms  are  naturally  and  correspondingly  various. 
Shooting  pains  between  the  shoulders  and  singultus,  which  are  mentioned  by 
m&nj  as  characteristic  sjmiptoms,  have  not  been  observed  by  others.  In  most 
cases  there  is  a  distinct  rise  of  temperature,  and  this  is  the  onl}^  piece  of  evi- 
dence which  reveals  the  existence  of  an  infection.  The  absence  of  fever  does 
not  disprove  the  presence  of  an  abscess. 

Physical  examination  often  shows  characteristic  signs.  There  may  be,  on 
the  affected  side  of  the  lower  part  of  the  thorax,  a  rounding  out  which  does  not 
take  part  naturally  in  the  breathing.  The  interspaces  are  obliterated,  widened, 
or  protruded,  and  are  often  painful  under  pressure.  "Litten's  diaphragni  phe- 
nomenon," in  which  the  position  of  the  diaphragm  on  the  thoracic  wall  is  to 
be  seen  by  inspection,  is  not  noticed  by  many  observers,  but  an  inflammatory 
oedema  of  the  loin  or  of  the  lower  thorax  may  be  discovered.  This  latter  mani- 
festation is  more  frequent  in  the  case  of  a  retroperitoneal  than  in  that  of  an 
intraperitoneal  abscess.  Breathing  sounds  may  be  heard  below  the  level  of 
the  dulness,  and,  if  a  deep  inspiration  be  made,  the  line  at  which  the  breathing 
sounds  and  the  vocal  resonance  are  heard,  and  at  which  the  fremitus  is  felt, 
will  be  distinctly  lowered.  Liver  dulness  may  be  distinguished  from  abscess 
by  the  fact  that  the  former  is  distinctly  lessened  by  the  knee-elbow  or  prone 
position.  If  a  very  emaciated  patient  is  examined  in  a  good  light,  it  will  be 
noted,  if  the  pleura  be  healthy,  that  the  lower  margin  of  the  lung  moves  up  and 
down  with  respiration,  and  further  confirmation  of  this  fact  may  be  obtained 
by  auscultation  and  percussion.  Then,  in  addition,  it  can  be  detennined,  in 
the  case  of  a  subphrenic  abscess,  that  the  area  of  dulness  is  situated  below 
this  line.  The  dull  area  and  the  tympanitic  area  may  extend  as  high  as  the 
second  rib  and  as  far  down  as  the  iliacfossa. 

Whether  the  subphrenic  abscess  lies  to  the  right  or  to  the  left,  or  in  front 
or  behind,  are  questions  to  which  usually  an  answer  can  be  given.  An  abscess 
on  the  right  side  may  reach  from  the  middle  line  behind  to  the  ligamentum  sus- 
pensorium  of  the  liver,  and  will  be  limited  in  front  either  by  adhesions  between 
the  parietes  and  the  liver  or  by  the  transverse  mesocolon.  AVhien,  therefore, 
such  an  abscess  is  present,  there  will  be  found  a  much  depressed  liver  border 
together  with  the  area  of  liver  dulness  (  =  abscess  dulness)  much  increased  up- 
ward. In  typical  cases  the  upper  line  of  this  area  of  dulness  is  convex  upward. 
Above  this  line  will  be  found  normal  lung  sounds,  provided  there  be  no  intra- 
jjleural  fluid.     In  some  cases  this  line  may  be  depressed  by  inspiration,  but 
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necessarily  only  to  a  slight  extent,  since  the  diaphragm  is  weakened  and  lamed 
by  the  inflammaton-  process  and  its  mobility  interfered  with  in  some  measure 
by  the  mass  of  pus  accumulated  beneath  it.  AVini waiter  considers  that  this 
upward  extension  of  the  area  of  dulness  comes  less  from  an  elevation  of  the 
tUaphragm  by  fluid  than  from  an  oedematous  thickening  of  the  same  from 
inflammation.  At  any  rate,  the  upper  line  of  didness  is  not  as  distinct  as  in 
pleuritic  effusion. 

If  gas  is  mingled  with  the  pus,  its  presence  is  to  be  recognized  by  its  clear 
tympanitic  note  and  bell-like  sound,  wliich  changes  its  position  \\'ith  the  change 
in  position  of  the  patient,  but  which  persistently  maintains  its  position  at  the 
top  of  the  dull  area.  In  the  upright  position  there  are  to  be  found,  from  above 
downward,  nomial  lung  resonance,  a  sharply  outlmed  tj-mpanitic  zone,  and 
then  the  dulness — a  characteristic  and  pathognomonic  grouping  of  these  three 
zones. 

Yej-y  similar  are  the  relations  of  those  subphrenic  gas  abscesses  which  are 
located  on  the  left  side  and  which  originate  from  a  perforation  of  the  stomach. 
The  walls  are  fomied  above  by  the  diaphragm,  on  the  right  by  the  falcifomi  hga- 
ment,  and  below  by  the  ver}^  much  depressed  left  lobe  of  the  hver  in  conjunc- 
tion -wdth  the  stomach  and  spleen.  The  epigastrium  protrudes;  the  abdomen 
below  the  abscess  is  soft  and  compressible.  The  diaphragm  occupies  a  high 
position.  In  the  epigastrium  is  found  t^^npanites.  Here,  then,  we  have  again 
the  same  grouping  of  thi-ee  zones. 

Pressure  sjonptoms,  in  the  case  of  large  abscesses,  are  generally  less  pro- 
noimced  than  they  are  in  pleural  exudates,  and  the  degree  of  displacement 
caused  is  manifested  particularly  in  the  abdominal  \iscera  because  of  their  greater 
compressibility  and  mobility.  Although  the  upper  Hmit  of  the  area  of  dul- 
ness may  extend  above  the  nomial  line  of  the  diaphi-agm,  the  lung  may  still 
possess  fair  expansive  power  and  may  exhibit  noiTnal  soimds.  In  left-sided 
abscesses  the  heart  is  pressed  somewhat  upward,  not  to  the  right:  in  right- 
sided  abscesses  it  is  pressed  only  a  httle  to  the  left. 

^lore  obscure  are  the  abscesses  which  originate  in  disease  of  the  kidneys 
or  the  ribs.  So  far  as  their  location  is  concerned  these  develop  on  the  back 
wall  of  the  thorax  and  they  may  escape  detection  for  a  long  time  before  they 
take  on  rapid  growth.  In  man}-  cases  they  present  only  the  signs  of  a  small 
pleuritic  effusion,  and  when  they  are  accompanied,  as  they  frequently  are, 
by  such  an  effusion,  it  is  almost  impossible  to  demonstrate  then-  presence.  In 
many  of  these  cases  the  first  thing  that  calls  attention  to  the  real  seat  of  the 
trouble  is  the  development  of  a  secondary  pleuris}^ 

The  participation  pf  the  pleura  is  by  far  the  most  frequent  and  practically 
the  most  important  complication  of  subphrenic  abscess;  unportant  because  it 
often  changes  or  dominates  the  clinical  picture  and  the  phj^sical  signs,  and 
again,  because  it  often  requires  an  additional  surgical  attack.  This  concomi- 
tant inflammation  is  rendered  almost  ine\'itable  by  the  extensive  contiguity  of 
the  two  spaces.  The  disturbance  may  be  confined  to  a  simple  fibrous  exudate, 
which  causes  adhesion  to  take  place  between  the  leaves  of  the  pleura,  or  gives 
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rise  to  a  collection  of  fluid  of  varying  dimensions  and  composition  (from  sterile 
serum  to  actual  pus).  The  virulence  of  such  an  exudate,  however,  is  gen- 
orallymuch  less  than  that  of  the  original  abscess,  the  peritoneum  seeming  to  act 
as  a  filter.  This  infection  of  the  pleura  comes  about  in  various  ways,  and  is 
favored  by  the  movement  of  the  diaphragm,  as  explained  in  the  earlier  part 
of  this  article  (page  454).     It  may  take  place  in  any  of  the  following  ways: — 

By  metastases,  by  way  of  the  blood  stream. 

By  means  of  germs  carried  through  the  lymphatics  of  the  diaphragm. 

By  the  direct  gro^^1;h  of  germs  through  the  diaphragm. 

By  an  advance  of  the  inflammation  by  way  of  the  retroperitoneal  and  retro- 
pleural  tissues. 

Because  of  the  nearness  of  the  two  cavities,  the  first — ^that  is,  the  indirect 
— course  will  be  very  seldom  followed.  If  the  abscess  is  retroperitoneal,  the 
fourth  course  is  the  natural  one;  if  it  is  intraperitoneal,  either  the  second  or 
the  third  course  is  the  one  likely  to  be  followed.  Burkhardt  has  carried  out  a 
series  of  experiments  which  show  that  the  third  course  is  possible,  and  the 
following  .report  of  an  autopsy  furnishes  good  corroborative  evidence : — 

Stomach  adherent  to  the  anterior  abdominal  wall,  the  attachment  beginning 
in  the  middle  line  and  reaching  to  the  arch  of  the  ribs.  Within  the  area  of  the 
attachment  is  a  perforation  with  sharp  edges,  the  size  of  a  five-cent  nickel.  A 
right  pleural  abscess.  The  subphrenic  abscess  extends  over  the  whole  top  of  the 
liver.  Near  the  highest  point  of  the  abscess  may  be  seen  several  crater-formed 
ulcers  in  the  diaphragmatic  peritoneum;  they  reach  almost  to  the  pleural  surface 
but  do  not  quite  penetrate.  On  the  corresponding  pleural  surface  are  deposits  of 
pus  which  lead  indirectly  to  the  empyema. 

The  following  case  furnishes  an  illustration  of  the  fourth  course : — 

The  patient  was  taken  suddenly  ill  (1891),  and  nine  days  later  a  retrocsecal 
phlegmon  (probably  of  appendiceal  origin)  was  opened  by  an  incision  over  the 
crest  of  the  ilium.  After  four  days,  the  incision  was  enlarged  diagonally  upward 
because  of  extension  of  the  phlegmon.  T'  ere  was  found  a  large  abscess  which 
had  surrounded  the  kidney  and  had  loosened  it  from  its  fat  capsule;  the  kidney 
itself  was  healthy.  The  abscess  extended  obhquely  upward  behind  the  peritoneum 
under  the  diaphragm  to  the  spine.  The  suppuration  advanced  through  the  dia- 
phragm to  the  retropleural  tissues.  Nine  days  later,  resection  of  the  eighth  and 
ninth  ribs  was  performed,  and  thus  access  was  gained  to  a  flat  limited  abscess 
near  the  spine.  In  the  pleural  cavity  there  was  serous  exudate  which  later  became 
absorbed. 

Such  a  perforation  of  the  diaphragm^  is  seen  more  frequently  in  cases  of  retro- 
peritoneal abscess,  while  inflammation  of  the  pleura  (serous  exudate)  without 
perforation  is  more  common  in  the  intraperitoneal  variety.  This  is  because  of 
the  protection  afforded  by  the  serous  covering,  which  shields  the  diaphragm 
from  the  harm  that  bacteria  or  their  toxins  may  inflict.  The  moderate 
degree  of  intrathoracic  inflammation  which  accompanies  a  subphrenic  abscess 
is  not  to  be  determined  by  physical  signs,  but  only  through  the  opportunity  of 
inspecting  the  parts  which  is  afforded  by  an  operation  or  by  an  autopsy.     The 
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frequency  of  this  complication  is  therefore  not  to  be  stated  with  any  degn^e  of 
certainty;  it  is  estimated  at  sixty-six  i)er  cent. 

If  the  suppurative  perforation  of  the  diaphragm  occurs  at  a  point  where 
there  is  an  old  pleuritic  adhesion,  the  abscess  will  empty  itself  directly  into 
the  lung  and  thus  a  spontaneous  cure  may  be  effected.  Ley  den  held  that  this 
was,  to  a  certain  extent,  a  typical  course;  but,  since  the  malady  has  become  a 
surgical  one,  this  outcome  is  seldom  witnessed.  Such  an  occurrence  is  mani- 
fested by  a  sudden  and  distressing  cough,  accompanied  by  the  expectoration 
of  great  quantities  of  dirty  pus.  With  the  emptying  of  the  abscess  this  puru- 
lent discharge  at  once  ceases,  but  such  a  lung  fistula  has  been  known  to  persist 
for  six  months  before  healing  finally  occurred. 

Analogous  to  the  pleuritic  is  the  pericardial  complication,  which  occurs  in 
rare  cases.  In  most  of  these  the  purulent  pericarditis  coexists  ^vith  empyema 
and  there  is  no  direct  communication  between  the  two  caAdties.  In  the  follow- 
ing instance  the  question  naturally  suggests  itself.  Might  not  this  condition, 
which  was  observed  at  the  post-mortem  examination,  have  resulted  from  the 
perforation  of  a  subphrenic  abscess  through  the  diaphragm  into  the  pericardium? 
The  apex  of  the  heart  was  found  bound  to  the  pericardium  and  to  the  diaphragm 
by  a  fibrous  mass  one  inch  square  and  nearly  one  inch  thick.  The  death  of 
this  patient,  who  had  occasionally  suffered  from  slight  difficulty  in  breathhig, 
occurred  suddenly.  In  another  case  the  pericardium  was  found  to  be  thickened 
over  an  area  about  one  inch  and  a  half  in  diameter  and  this  thickened  portion 
was  mistaken  for  the  diaphragm. 

The  degree  to  which  the  sjmiptoms  of  a  subphrenic  abscess  will  be  altered 
by  an  accompanying  pleuritis  will  varj^  greatly  according  to  the  severity  of 
the  complicating  disease.  The  more  severe  the  thoracic  complication  the  more 
apt  is  it  to  obliterate  the  manifestations  of  the  primary  trouble,  and  thus  to 
obscure  the  diagnosis.  Yet,  as  we  have  said,  the  secondary  pleurisy  may  be 
the  first  thing  to  direct  the  surgeon's  attention  to  that  region  of  the  body.  If 
a  simple  subphrenic  abscess  without  gas  is  comphcated  by  a  pleuritic  effusion, 
then  the  area  of  dulness  caused  by  the  former  passes  directly  into  that'  which 
is  dependent  upon  the  presence  of  the  latter.  All  previously  mentioned  differ- 
entiations between  the  two  fall  to  the  ground;  the  displacement  downward 
of  the  liver,  etc.,  can  be  equally  well  accounted  for  by  the  pleural  exudate. 
With  abscesses  containing  gas  the  conditions  are  different.  In  these  cases  there 
will  be,  between  the  first  and  second  zones  of  the  three  described  above — i.e., 
between  the  lung  resonance  and  the  tympanites  due  to  the  gas — a  fourth  zone, 
viz.,  that  corresponding  to  the  dulness  caused  by  the  presence  of  the  exudate. 
And  here  let  me  call  attention  to  the  importance  of  making  an  examination 
of  this  kind — provided  no  serious  contra-indications  exist — ^vith  the  patient  in 
both  the  sitting  and  the  lying-down  posture. 

Another  complication  of  subdiaphragmatic  abscess  is  that  in  which  the 
perforation  takes  place  into  the  general  peritoneal  cavity.  Attention  has 
already  been  called  to  the  fact  that  the  subphrenic  collection  of  pus  may  be  an 
encysted  part  of  the  products  of  a  previous  peritonitis.     It  is  possible,  however, 
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that  a  general  peritonitis  may  develop  from  that  which  occupies  a  limitcsd  area 
under  the  diaphragm — a  catastrophe,  fortunately,  which  is  seldom  reported. 
One  such  case  occurred  three  years  after  the  performance  of  a  gastro-intestinal 
anastomosis,  the  abscess  coming  from  a  new  perforation  in  the  jejunum. 

Perforation  into  other  hollow  organs  is  so  rare  as  to  be  negligible.  That 
such  may  be  most  serious  in  its  consequence  is  shown,  however,  by  a  single  case 
of  perforation  into  the  bowel.  In  this  case  the  abscess  cavity  filled  with  gas; 
artificial  drainage  was  established;  but,  in  spite  of  this,  the  opening  of  communi- 
cation did  not  close,  and  the  suppuration  continued  its  course  to  a  fatal 
termination. 

Other  complications  are  those  which  commonly  occur  in  all  abscesses,  and 
which  are  therefore  of  no  particular  significance  here;  I  refer  to  metastases  in 
kidneys,  lungs,  brain,  etc.  One  case  may  be  mentioned  where  a  gall  stone 
offered  the  point  of  least  resistance  to  a  pysemic  abscess.  A  fatal  cholempyema 
followed. 

Diagnosis.— In  spite  of  the  fact  that  a  large  number  of  these  cases  are  not 
and  cannot  be  certainly  diagnosed,  we  are  continually  increasing  our  success 
in  the  treatment  of  these  comparatively  rare  diseases  because  of  increasing 
knowledge.  It  is  therefore  of  special  importance  to  obtain  a  full  history  of 
the  case,  for  by  its  aid  we  may  be  able  to  learn  that  the  primary  disea-se  was 
located  in  the  abdomen,  or  at  least  that  a  primaiy  origin  within  the  chest  is 
highly  improbable.  If  there  is  a  secondary  rise  of  temperature  in  such  a  case, 
subphrenic  abscess  must  be  kept  in  mind  as  well  as  other  complications.  As 
an  instance  of  such  a  secondar^^  rise  of  temperature,  and  as  an  illustration  of 
how  little  help,  toward  the  establishment  of  a  diagnosis,  is  often  furnished  by 
the  existing  signs  and  symptoms,  the  following  case  is  given  by  Hart  well. 
(Trans.  New  York  Surgical  Society,  March  8th,  1905.) 

The  patient,  a  woman  of  48,  had  suffered  for  seven  days  from  pain  in 
the  right  hypochondriac  and  anterior  lumbar  regions.  (Her  previous  history 
was  not  obtainable.)  She  was  poorly  nourished.  Thoracic  viscera  were  normal. 
There  was  considerable  tenderness  in  the  right  lumbar  region,  and  a  tumor,  which 
gave  the  impression  of  being  a  kidney,  could  be  felt  just  above  the  iliac  spine. 
There  was  also  tenderness  in  the  region  of  the  right  appendix.  Temperature,  100°  to 
102.5°  F.;  pulse,  100  to  120;  respiration,  24  to  28.  Pain  persisted  with  varying 
intensity.  Because  neither  the  condition  of  the  kidney  nor  that  of  the  appendix 
seemed  to  account  for  the  symptoms  a  compromise  incision  was  made.  The  tumor 
proved  to  be  a  kidney.  There  were  many  adhesions  in  the  neighborhood  of  the  gall 
bladder  and  the  transverse  fissure  of  the  liver,  and  a  lesser  number  around  the  ap- 
pendix. There  were  no  indications,  however,  of  a  cholecystitis  nor  of  an  abscess 
in  this  region.  The  adhesions  were  broken  up  and  the  structures  around  the 
subhepatic  region  were  freed;  the  appendix  was  removed;  and,  by  means  of  a 
posterior  incision,  the  kidney  was  secured.  The  appendix  showed  a  very  mild 
grade  of  inflammation.  For  five  days  following  the  operation  the  symptoms  were 
entirely  relieved,  and  the  temperature  and  pulse  were  normal.  Then,  for  the  fol- 
lowing two  weeks,  a  temperature  of  100.5°  F.  was  frequently  reached.  Both 
wounds  healed.     Ten  days  later,  her  temperature  rose  to  102°  F.     Her  health  and 
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.strength  gradually  tleteriorateil.  and  riiles  developed  over  the  right  lower  chest; 
a  diagnosis  of  pulmonary  tuberculosis  was  made.  She  returned  to  her  home  and 
remained  there  three  weeks,  during  which  time  her  irregular  fever  and  pain  per- 
sisted and  the  emaciation  progressed.  Six  weeks  from  the  date  of  the  first  operation 
the  presence  of  fluid  was  demonstrated  in  the  right  chest,  low  down,  and  a  punc- 
ture made  through  the  ninth  space,  in  the  posterior  axillary  line,  afforded  escape 
to  pus.  An  inch  and  a  half  of  the  ninth  rib  was  resected  just  anterior  to  the  angle 
of  the  scapula.  The  pleural  cavity  was  closed  by  stitching  the  two  layers  to- 
gether and  by  gauze  packing.  An  incision  made  through  the  two  pleural  layers 
and  the  diaphragm  exposed  to  view  the  posterior  superior  surface  of  the  liver. 
The  oedema  and  fibrous  exudate  indicated  the  proximity  of  pus.  An  incision 
was  then  made  into  the  presenting  surface  of  the  liver  and  a  blunt  instrument 
was  pushed  onward  until  it  afforded  escape  to  some  thin  grayish  pus.  This  open- 
ing was  enlarged  and  almost  a  quart  of  the  fluid  was  evacuated.  The  abscess 
seemed  to  be  rather  under  (or  behind?)  the  liver  than  in  its  substance;  the  punc- 
ture passed  through  the  organ  near  its  posterior  surface.  The  kidney  still  re- 
mained fixed.  The  wound  was  packed  and  drained.  A  prompt  and  uninterrupted 
recovery  followed.  By  the  end  of  five  weeks  the  cavity  of  the  wound  had  become 
obliterated.     The  pleura  did  not  become  infected. 

There  are  no  certain  physical  signs  by  which  in  all  cases  collections  of  fluid 
above  the  diaphragm  can  be  distinguished  from  those  situated  below  this  struc- 
ture. In  the  case  of  large  abscesses  the  following  signs  may  be  mentioned: 
a  sharp  horizontal  or  convex  line  limiting  the  area  of  dulness  above;  the  sud- 
den transition  from  dulness  to  vesicular  breathing;  and,  in  the  case  of  gas- 
holding  abscesses,  Leyden's  points  which  may  be  relied  upon  as  classical.  In 
cases  of  pyopneumothorax  in  the  lower  part  of  the  chest,  the  follomng  signs 
are  of  importance :  full  percussion  note  down  to  the  edge  of  the  ribs :  then  dulness 
in  the  low^er  rear  regions  where  the  fremitus  and  murmur  fail ;  mctalHc  tinkling 
and  succussion  sounds  are  distinct ;  at  the  same  time  signs  are  to  be  found  which 
show  that  above  this  region  the  lungs  are  intact  and  expansible,  and  that  they  are 
carried  down  with  deep  inspiration.  The  dulness  which  indicates  the  presence 
of  an  exudation  changes  quickly  and  distinctly  when  the  position  of  the  body 
is  changed,  but  this  sign  is  much  less  pronounced  in  the  case  of  a  collection  of 
fluid  beneath  the  diaphragm. 

It  is  not  possible  to  make  a  differential  diagnosis  between  a  subphrenic 
abscess  and  an  encapsulated  basal  empyema.  Under  these  conditions  all  signs 
apply  with  equal  value  to  collections  under  and  to  those  over  the  diaphragm. 
In  right  pleural  effusions  it  may  be  of  some  assistance  to  remember  that  the 
heart  is  displaced  to  the  left  and  the  liver  downward,  w^hereas  in  subphrenic 
abscess  there  is  a  distinct  area  of  resonance  between  the  dulness  of  the  heart 
and  the  corresponding  lateral  bomidary  of  the  chest.  The  region  over  the 
dorsal  vertebra?  also  gives  a  clear  soimd  on  percussion.  (Trivius,  Medizinskoje 
Obozrenji,  Warsaw,  Nov.  6th,  1891.)  For  fiu-ther  aid  in  establishing  the  diag- 
nosis the  history  will  have  to  be  relied  on.  Equally  impossible  is  it  to  determine 
positively  the  existence  of  .a  subphrenic  abscess  that  contains  no  gas,  when  a 
large  pleural  exudate  coexists.     But  when  gas  appears  in  the  abscess,  the  diag- 
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nosis  is  nmde  easier  by  the  presence  of  a  zone  of  tympanites  between  the  two 
zones  of  dulness. 

If,  with  the  symptoms  of  pleural  effusion,  there  is  found  a  tympanitic  area 
which  changes  its  place  with  respiration,  but  which  does  not  rise  to  the  highest 
point  under  change  of  position,  as  it  does  in  true  pyopneumothorax,  but  on  the 
contrary  remains  confined  to  a  circumscribed  spot  within  the  area  of  dulness, 
then  may  one  with  some  degree  of  certainty  make  the  diagnosis  of  a  subphrenic 
abscess.  But,  it  must  not  be  forgotten  that  a  pyopneumothorax  encapsuled 
within  the  thorax,  at  its  lower  part,  shows  the  same  features.  ^^Tiere  an  ex- 
perienced man  is  led  to  the  discovery  of  a  subphrenic  abscess  through  the  pres- 
ence of  a  pleural  exudate  it  is  generally  in  a  case  in  which  the  abscess  is  small, 
is  situated  low  down  and  behind,  and  is  covered  bj^  the  pleural  exudate.  These 
cases  are  rare,  but  the  surgeon  should  suspect  the  existence  of  such  an  abscess 
when  his  operative  interference  (for  the  relief  of  the  pleural  exudate)  is  not 
followed  b)'  the  relief  which  he  has  a  right  to  expect,  or  when  the  badness  of 
the  patient's  condition  is  out  of  all  proportion  to  the  extent  of  the  pleural  disease. 

The  next  step  in  reaching  a  diagnosis  is  to  make  an  exploratory  puncture, 
a  measure  which  can  seldom  be  dispensed  mth.  A  hollow  needle  of  sufficient 
length  and  strength,  while  attached  to  the  exhaust  of  an  aspirator,  is  slowly 
introduced  and  (still  under  exhaust)  withdrawn.  In  this  way  very  shallow 
abscesses,  w^hich  might  otherwise  be  overlooked,  can  be  found.  The  puncture 
.had  better  be  made  in  the  area  of  most  intense  dulness,  and  best  ii  it  can  be 
made  in  the  last  interspace  or  beneath  the  costal  arch.  If  possible,  the  punc- 
ture should  be  made  at  that  point  where  it  is  intended  later  to  incise.  Thus, 
the  possible  establishment  of  a  separate  infected  tract,  which  might  lead  to 
suppuration,  ma}^  be  avoided.  '  Several,  or  even  many  punctures  should  be  made 
before  the  search  is  abandoned ;  it  being  assumed  that  there  w^as  sufficient  ground 
on  which  to  make  the  first  puncture.  With  the  usual  precautions,  the  pro- 
cedure is  haimless,  unless  perchance  the  bowel  should  be  penetrated,  which  is 
scarcely  a  possible  thing.  Infection  of  the  pleura  is  unlikely  to  occur,  because 
the  muscular  planes  of  the  diaphragm  quickly  close  the  opening.  It  is  impor- 
tant that,  while  withdrawing  the  needle,  it  be  kept  attached  to  the  flexible  suc- 
tion tube  of  the  syringe,  in  order  that  no  pus  be  spilled  along  the  track. 

If  it  be  found  necessary  to  penetrate  quite  deeply  before  reaching  pus,  a 
subphrenic  abscess  is  more  likely  than  a  pleuritic  exudation.  The  passage  of 
the  needle  through  the  diaphragm  can  usually  be  discovered  by  the  sense  of 
touch,  but  Fiirbringer's  claim  that  this  is  further  shown  by  the  pendulum-like 
movement  of  the  needle  is  probably  unreliable,  as  is  also  Pfuhl's  sign  of  the 
sam(? — viz.,  a  flow  rh\i;hmical  \\ith  the  respiration.  Puncture  may  disclose  two 
collections  by  withdrawing  different  material  from  different  depths  of  the  same 
puncture  or  from  different  })unctures.  Such  a  finding  has  occurred  in  one 
instance  where  several  encapsulated  collections  lay  in  the  pleura.  As  a  rule, 
however,  the  finding  of  different  kinds  of  fluid,  when  such  a  puncture  is  made, 
means  that  there  are  separate  collections  of  fluid  above  and  below  the  diaphragm. 
In  view-  of  the  fact  that  suppuration  ma}'  develop  in  the  course  of  the  puncture, 
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this  little  oix'ration  should  never  be  undertaken  except  when  the  surgeon  is 
ready  to  follow  it  iinnu'diately  by  incision. 

Means  of  tliaiinosis  are  far  from  exhausted  if  the  Roentgen  raj^s  have  not 
been  us(h1.  If  tlu>  lung  or  pleura  is  not  at  the  same  time  diseased  observations 
made  with  th(>  Huoroscope  giv(^  particularly  clear  results.  If  gas  is  present 
with  the  pus  the  pictinr  is  very  characteristic — a  perfectly  clear  field  lying 
above  a  dark  shadow  and  bounded  above  by  the  line  of  the  diaphragm  with  its 
usual  contour.  Upon  shaking  the  patient,  the  motion  of  the  fluid  can  plainly 
be  seen.  Monro  reports  a  case  in  which  these  ra^'s  showed  the  position  and 
outlines  of  the  abscess  clearly,  after  rib  resection  and  several  punctures  had 
failed  to  reach  it. 

Liver  abscess  and  subphrenic  abscess  have  naturally  been  mistaken,  one 
for  the  other. 

Prognosis. — At  this  late  day  in  the  development  of  surgical  knowledge 
and  from  what  has  already  been  said,  it  is  scarcely  necessary  to  state  that  a 
favorable  result  is  to  be  obtained  only  from  the  estabUshment  of  thorough 
drainage  at  the  earliest  possible  moment.  It  is  therefore  equally  necessar}^  to 
establish  the  diagnosis  early,  and  this  can  almost  always  be  done.  The  results 
of  operation  are  difficult  to  give,  since  the  vigor  of  the  attack  and  the  point 
of  origin  vary  so  greatly.  As  a  rough  estimate,  it  may  be  said  that  two-thirds 
of  the  cases,  in  the  hands  of  competent  surgeons,  have  recovered  after  operation, 
and  one-third  have  died.  This  seemingly  high  mortality  is  easily  accounted 
for  when  it  is  remembered  that  the  collection  drained — i.e.,  the  subphrenic 
abscess — is  secondary, — a  sjTiiptom  only  of  some  other  primary  trouble.  A 
large  part  of  this  mortality,  in  the  past,  belongs  to  cases  which  originated  in 
an  appendicitis.  With  the  greater  knowledge  which  we  now  possess  in  regard 
to  this  trouble,  we  shall  expect  not  only  a  greater  proportion  of  hves  saved, 
but  also  fevs'er  cases  which  are  pemiitted  to  advance  so  far.  ^lost  of  the  deaths 
occur  soon  after  the  operation — a  fact  which  shows  at  how  late  a  stage  it  was 
undertaken .  and  then,  besides,  after  the  subphrenic  abscess  lias  been  emptied, 
there  us\ially  remains,  for  attack,  the  primary  affection,  not  to  mention  later 
complications  (like  empyema)  which  must  be  operated  upon. 

The  follo\\'ing  brief  history  of  a  case  CS^anlair,  Revue  de  Medecine,  No.  7,  1893) 
shows  from  what  serious  and  complicated  conditions  a  child  of  six  may  recover 
and  also  the  undesirability  of  not  operating  more  promptly: — 

The  patient,  a  child  of  6,  was  suddenly  seized  with  a  cliill,  followed  by  fever, 
and  there  soon  developed  tympanites,  diarrhoea,  and  pain  in  the  epigastrium. 
The  breathing  became  accelerated,  but  there  was  no  cough  nor  any  peritoneal 
effusion.  On  the  tenth  day  there  were  found  evidences  of  a  beginning  effusion 
at  the  base  of  the  right  lung  and  at  the  same  time  a  painful  tumor,  which  gave 
forth  a  dull  sound  on  percussion,  was  observed  in  the  epigastrium.  Broncho- 
pneumonia developed  at  the  base  of  the  left  lung.  There  were  chills  and  nregular 
pyrexia,  and  there  was  an  appreciable  degree  of  emaciation.  After  several  days 
percussion  revealed  the  existence  of  tympanites  over  the  centre  of  the  tumor, 
with  dulness  and  a  sensation  of  resistance  over  the  peripheral  portions.     In  a 
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few  more  days  pneumothorax  appeared  at  the  middle  of  the  right  side  of  the 
chest;  it  was  not  accompanied  by  cough.  A  thrombosis  was  discovered  in  the 
left  femoral  vein,  and  there  was  a  hard  painful  tumor  above  Poupart's  ligament. 
When  an  opening  was  made  in  the  epigastrium,  pus  appeared,  followed  by  fecal 
matter;  then,  with  each  inspiration,  there  was  an  escape  of  gas.  The  cavity  com- 
municated with  the  colon  by  a  small  opening  and  with  the  pleural  cavity  by  a  larger 
perforation  through  the  diaphragm.  The  opening  in  the  colon  was  sutured,  the 
cavity  was  drained  by  a  special  opening,  and  the  chest  by  an  opening  low  down 
on  the  lateral  wall.  Later  events  were:  a  fecal  fistula;  fresh  provision  for  drainage; 
a  pleuro-pneumonic  fistula;  eclampsia;  final  cure. 

Treatment. — There  are  two  principal  indications  for  treatment,  viz.,  to  empty 
the  abscess  completely  and  to  provide  for  subsequent  free  drainage.  It  is  not 
necessary  to  say  that  aspiration  through  a  needle  does  not  satisfy  either  of 
these  indications.  The  fact  that  it  has  in  a  few  instances  succeeded  does  not 
alter  the  wisdom  of  the  rule  that  this  procedure  should  iiot  be  employed  for 
therapeutic  purposes ;  for  where  it  has  succeeded  it  is  because  the  abscess  was  very 
small  or  the  infection  was  of  a  mild  grade.  The  dangers  of  aspiration  are  now 
too  well  known  not  to  counteract  these  few  favorable  results. 

Subphrenic  abscess  can  be  approached  by  two  routes — ^that  through  the 
lower  aperture  of  the  thorax  and  that  through  its  bony  wall.  The  relative 
advantages  of  these  have  been  discussed  fully  in  the  section  relating  to  Dia- 
phragmatic Hernia.  The  disadvantage  of  crossing  the  pleura  is  often  nil, 
since  adhesions  are  generally  present.  For  retroperitoneal  (perinephritic, 
etc.)  abscesses  the  lumbar  incision  is  naturally  adopted;  for  those  which  owe 
their  origin  to  a  perforation  of  the  stomach,  the  epigastric  route,  with  or  with- 
out a  counter-opening  through  the  loin  or  between  the  ribs,  is  preferable;  for 
abscesses  on  the  right  side  where  the  liver  is  much  depressed,  the  incision  along 
the  costal  arch  will  be  foimd  convenient;  and  for  collections  that  do  not  reach 
beyond  the  confines  of  the  chest,  resection  of  a  rib  will  be  necessary.  Against 
the  last  plan  many  surgeons  have  protested,  some  attempting  in  every  case 
to  attack  the  disease  through  the  loin,  pushing  aside  the  pleura,  and  resect- 
ing or  not  the  eleventh  and  twelfth  ribs.  On  the  other  hand,  accumulating 
experience  has  shown  that  opening  the  pleura  is  of  little  danger  (see  also  under 
Wounds  of  the  Diaphragm)  and  furnishes  the  freest  drainage.  If  the  leaves 
of  the  pleura  are  found  not  to  be  adherent  to  each  other,  the  question  arises. 
Should  the  pleural  cavity  still  be  opened?  In  reply  I  would  say  that  it  can 
safely  be  done  by  first  removing  from  the  pleural  cavity  any  exudate  that 
may  be  present,  and  then  packing  round  about  with  gauze  or  drawing  the 
diaphragm  by  guy-sutures  against  the  parietes  before  incising  this  structure. 
Even  when  there  are  adhesions  there  is  often  also  an  exudate  at  the  same  time, 
and  if  this  remains  or  becomes  infected,  the  pleura  can  be  drained  by  further 
resection,  or  both  the  pleural  and  the  abscess  cavities  may  be  drained  by  a  single 
opening.  The  exudate  may  also  be  withdrawn  by  an  aspirator  and  the  open- 
ing closed  by  suture;  or,  without  opening  the  pleura,  one  may  sew  its  costal 
layer  to    the  diaphragm  and  then  make  an  opening  through  both  structures. 
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Subsequent  absorption  of  the  fluid  lias  been  observed  to  take  place  after  tlie 
employment  of  l)oth  methods.  When  there  are  neither  adhesions  nor  an 
exudate  a  similar  course  should  be  followed:  the  parietal  pleura  should  be 
stitched  by  a  continuous  back  stitch  to  the  diaphragm,  the  line  of  suture 
should  be  protected  by  gauze,  and  then  the  abscess  should  be  opened.  To 
be  sure,  infection  has  in  several  instances  followed  this  procedure,  and  in  one 
of  them  a  large  collection  of  serum  formed  and  was  later  absorbed,  but  it  is 
still  the  best  course  to  pursue.  The  solidity  and  impermeability  of  this  line  of 
union  is  sho^^^l  by  two  cases;  there  was  poured  out  a  serous  exudate  which 
did  not  become  infected.  Operators  who  choose  by  preference  the  lower  incision 
only,  have  been  obliged,  in  some  cases,  to  resort  later  to  the  resection  of  a  rib. 

A  warning  is  here  given  against  searching  at  once  for  the  origin  of  the  trouble. 
In  addition  to  the  usually  unfavorable  condition  of  the  patient  a  contra-indication 
to  such  search  exists  in  the  danger  of  thereby  destroying  protecting  adhesions, 
just  as  the  search  for  a  diseased  appendix  destroys,  in  some  cases,  the  life- 
saving  limiting  adhesions  which  may  have  formed  around  it. 

It  is  better  to  administer  a  general  anaesthetic  than  to  employ  local  anaes- 
thesia, for  it  is  necessary,  in  most  cases,  to  make  both  a  resection  and  a  counter- 
opening.     Local  anaesthesia  should  be  reserved  for  the  weakest  patients. 

Mention  of  the  method  of  Canthe  (Inteimational  Clinics,  Vol.  LV.)  in  reaching 
deep  hepatic  and  subphrenic  abscesses,  should  not  be  omitted,  as  it  is  distinctly 
more  than  aspiration  and  is  founded  on  much  experience.  iVfter  locating  the 
collection  by  aspiration,  Cantlie  substitutes  a  wide  trocar  for  the  needle.  Through 
the  latter  he  passes  a  rubber  tube,  which  is  held  in  place  while  the  trocar  is  with- 
drawn.    The  tube  is  then  stitched  in  place  and  connected  with  siphon  drainage. 

The  following  case,  which  occurred  in  the  practice  of  the  writer,  shows  the 
importance  of  dependent  drainage.  Shortly  after  receiving  a  strain  in  lifting,  a 
young  man  developed  the  sj^mptoms  of  internal  abscess,  and  in  the  course  of  six- 
teen days  this  was  bulging  prominently  over  the  region  of  the  gall-bladder,  with 
dulness  over  that  quadrant  of  the  abdomen  and  the  lower  part  of  the  right  chest. 
The  collection  was  easily  opened,  but  a  counter-opening  in  a  dependent  position 
was  not  sought  because  the  surroundings  (in  the  country)  were  not  suitable  for 
an  extensive  surgical  procedure.  Directions  were  left  regarding  posture  to  facili- 
tate drainage,  but  these  were  not  followed.  At  the  end  of  three  weeks  the  patient 
was  found  to  be  extremely  ill  and  much  emaciated  from  the  sapramia  caused  by 
the  faulty  drainage.  There  were  still  reasons  for  not  searcliing  for  a  place  for 
counter-drainage ;  so  the  patient  was  placed  on  his  face  and  instructions  were 
given  that  he  should  maintain  this  position,  only  slight  variations  of  attitude  being 
permitted.     In  three  days  he  was  symptomatically  well. 

Subphrenic  Abscesses  of  Appendicitic  Okigin. 

Very  mild  grades  of  inflammation  of  the  appendix,  even  the  so-called  latent 
appendicitis,  may  start  the  gravest  secondary  infections.  Most  of  the  latter 
are  intraperitoneal,  but  the  form  of  appendicitis  which  is  most  prone  to  cause 
them  is  the  fomi  in  which  the  inflammation  advances  toward  the  retrocaecal 
tissues. 
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It  has  been  found  b}-  ex}x;rinicnt  that,  when  coloring  matter  and  jjus  are 
injeeled  into  the  tissues  surrounding  the  appendix,  they  follow  a  course  first 
between  the  layers  of  its  mesenteriolum,  next  along  the  tissues  lying  behind  the 
csecum  and  ascending  colon,  and  then  upward  to  the  kidney  or  the  liver.  Perfora- 
tion of  the  ap]3endix  is  not  necessaiy  for  such  transference.  There  has  been 
reported  a  case  in  which  the  inflamed  ])ut  unruptured  appendix  was  removed 
on  the  third  day  of  the  illness,  and  j^et  in  the  mesenteriolum  of  this  appendix 
there  were  found  several  small  abscesses.  On  the  eleventh  day  appeared  the 
first  symptom  (secondary  rise  of  temperature)  of  subphrenic  abscess,  which  was 
emptied  by  an  incision  thirteen  days  after  the  first  operation.  In  another 
case  the  appendix  was  found  lying  in  the  tissues  behind  the  ca3cum,  the  peri- 
toneal ca\dty  showing  neither  adhesions  nor  abdominal  fluid.  The  tip  of  the 
appendix  showed  a  perforation  that  opened  into  a  large  retroperitoneal  abscess 
which  ex'tended  as  high  up  as  the  top  of  the  kidney,  and  finally  communi- 
cated wdth  an  intraperitoneal  abscess  the  size  of  a  man's  fist. 

The  different  means  by  which  infection  reaches  the  hepatic  region  from  the 
appendix  have  been  estimated  and  observed  by  Monro,  and  presented  by  him 
in  an  article  which  was  published  in  the  Annals  of  Surgery,  Nov.,  1905.  In 
addition  to  the  ways  mentioned — viz.,  by  means  of  the  lymphatics  behind 
the  peritoneum,  with  or  without  the  formation  of  an  abscess  on  the  way,  and  with 
or  without  a  pre-existing  abscess  of  the  appendix^t  must  be  remembered  that 
infection  may  be  propagated  by  a  pylephlebitis  of  the  portal  vein.  It  is  in  cases 
of  this  nature  that  hepatic  abscesses,  which  are  much  more  frequent  in  the 
right  lobe  than  in  the  left,  form  an  intermediate  step  between  the  original  focus 
of  infection  and  the  subphrenic  collection  of  pus,  just  as  later  we  shall  see  the 
same  thing  taking  place  when  the  infection  comes  via  the  hepatic  duct.  Trans- 
ference by  the  portal  vein  is  naturally  more  rapid  than  b}^  the  lymphatics 
and  usually  gives  a  violent  clinical  course.  Different  observers  hold  different 
opinions  as  to  the  respective  parts  played  by  the  Ijanphatics  and  the  veins,  or 
at  least  as  to  the  route  travelled  when  the  infection  appears  in  the  liver.  Re- 
troperitoneal lymphangitis  is  often  to  be  demonstrated  after  appendicitis, 
and  yet  in  these  same  cases  it  is  the  portal  system  by  way  of  which  the  metas- 
tasis takes  place. 

Diagnosis  of  portal  pylephlebitis  in  the  course  of  an  appendicitis  is  now  a 
possibility;  such  a  diagnosis  having  been  made  by  Monro  two  days  after  the 
patient  entered  the  hospital  and  twelve  days  after  she  was  taken  ill.  In  this 
particular  case  there  was  nothing  to  call  attention  to  the  appendicitis  except 
a  distinctly  local  tenderness  on  deep  pressure — a  condition  which  had  been  pre- 
viously overlooked.  There  was  also  slight  jaundice.  Several  liver  abscesses 
were  immediately  opened  and  also  an  appendiceal  abscess.  A  slight  jaundice 
w^hich  manifests  itself  between  the  primary  and  secondary  fevers  of  the  illness 
has  been  considered  a  sign  of  a  thrombophlebitis,  and  it  is  believed  by  some 
that  the  latter  may  in  some  cases  be  only  transient  and  that  spontaneous  recov- 
er}' may  follow.  Chills  are  suggestive  of  a  pylephlebitis.  The  following  case 
illustrates  these  points  and  also  shows  the  great  length  of  time  which  mav 
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elapse   Ix'l'oix^  the  seeontlary  abseess    forms,    oi'  at   least   before   it    makes  its 
appearanee : — 

A  woman  had  an  appendiceal  abscess  which  was  opened;  the  appendix, 
however,  was  not  found.  No  improvement  followed;  instead,  she  had  delirium 
and  chills,  and  a  month  later  a  large  mottled  liver  was  explored  with  negative 
results.  The  jaundice  then  faded,  but  an  abscess  in  the  neck  required  opening. 
Three  and  a  half  months  after  the  first  operation,  during  a  slow  convalescence, 
a  swelling  appeai'ed  in  the  right  lumbar  region.  This  was  opened  between  the  ninth 
and  tenth  ribs  and  foul  pus  was  evacuated.    Recovery  followed. 

Indeed,  the  appearance  of  the  secondary  abscess  may  be  delayed  for  so 
long  a  time  that  no  traces  remain  of  the  original  inflammation  in  the  appendix, 
or,  if  any  such  be  found,  they  will  consist  merely  of  a  little  thickening  or  of  some 
adhesions — i.e.,  of  lesions  which  seem  so  much  out  of  proportion  to  the  grave 
secondary  condition  that  many  might  hesitate  to  infer  a  connection  between 
the  two. 

That  a  slight  phlebitis  may  be  mastered  by  the  organism  has  received  no 
proof  in  the  dead-house,  but  the  experiments  of  Lemaire  support  this  view. 
They  show  that  the  liver  offers,  against  the  colon  bacillus,  protection  to  the 
general  system  up  to  a  certain  extent ;  purification  of  the  infection  (if  it  be  not 
too  violent)  taking  place  in  a  few  hours,  and  repeated  purification  occurring 
if  the  reinfection  be  not  of  too  violent  a  character  and  if  it  do  not  take  place 
too  soon  after  the  preceding  infection.  Other  authorities  state  that  they  have 
found  in  the  liver  cicatrices  of  small  healed  abscesses,  or  abscesses  that  were 
encapsuled.  Because  of  this  ability  of  the  liver  to  neutralize  successive  doses 
of  toxic  material,  if  not  too  large,  and  also  because  all  portal  infections  are  not 
the  result  of  thrombi  or  of  emboli  in  gross,  it  may  be  possible  in  a  given  case 
to  improve  the  outlook  for  a  favorable  issue  by  lessening  (at  the  first  operative 
interference)  the  supply  of  noxious  material.  This  may  be  accomplished  by  the 
complete  removal  of  the  inflamed  appendix  as  a  reservoir  of  toxic  material, 
and  also  of  its  mesenteriolum,  which,  as  we  have  seen,  may  contain  foci  of 
suppuration. 

Subphrenic  abscesses  that  originate  in  portal  infection  are  much  less  circum- 
scribed than  those  which  have  developed  through  direct  extension  or  through 
lymphatic  communication.  Consequently  they  are  much  less  amenable  to 
drainage.  Young  adults,  it  is  claimed,  furnish  most  of  the  cases  of  portal  in- 
fection following  appendicitis ;  but,  as  the  same  age  furnishes  most  of  the  cases 
of  appendicitis,  it  is  difficult  to  form  a  correct  estimate  in  regard  to  this  point. 

The  course  of  retroperitoneal  abscesses  is  determined  by  the  course,  of  the 
lymphatics,  never  by  gravity.  We  may,  in  some  measure,  be  forewarned  of 
their  approach  by  the  fact  that,  during  an  attack  of  appendicitis,  the  body  tem- 
perature reaches  an  abnormal  height.  The  temperature  of  an  uncomplicated 
appendicitis  is  generally  quite  moderate,  so  that,  when  the  fever  attains  an 
unusual  height  and  is  accompanied  by  -chills,  the  inference  is  warranted  that 
an  invasion  of  the  posterior  IjTXiphatics  or  tissues  has  probably  taken  place. 
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By  the  time  this  phlegmon  has  reached  the  subphrenic  space,  we  should  be 
ready  to  meet  it  there. 

The  second  case  mentioned  in  this  section  (p.  481)  shows  that  a  retroperi- 
toneal abscess  often  becomes,  in  its  final  stage,  an  intraperitoneal  one.  This 
is  explained  (see  under  Anatomy  of  the  Diaphragm)  by  the  fact  that  the  at- 
tachment of  the  diaphragm  to  its  serous  covering  is  relatively  firm,  and  conse- 
quently, \\hen  a  retroperitoneal  abscess  reaches  the  dome,  it  cannot  enlarge 
much  further  without  breaking  through  the  diaphragm,  or,  more  easily,  through 
the  peritoneum  into  the  peritoneal  cavity. 

A  purely  intraperitoneal  abscess  may  develop  'irom  an  appendicitis  in  the  fol- 
lowing ways :  the  pus  may  be  transferred  bodily,  as  after  a  perforation  has  taken 
place ;  an  abscess  may  develop  in  some  pocket  near  the  liver  which  the  cleansing 
of  the  abdominal  cavity  failed  to  reach;  or,  finally,  the  subdiaphragmatic  abscess 
may  follow  a  general  peritonitis  (of  appendicitic  origin)  where  the  peritoneal 
cavity  and  the  iliac  fossa  have  not  been  opened.  Another  and  most  unusual 
way  is  that  in  which  the  appendiceal  abscess  becomes  encapsuled  through  adhesions 
and  thus  a  channel  is  fonned  which  reaches  actually  to  the  phrenic  region.  In 
such  a  case  the  channel  may  reveal  itself  to  external  touch  as  a  resistant  mass 
extending  from  the  ihum  to  the  liver.  The  course  usually  followed  is  through 
the  fossa  that  lies  outside  the  ascending  colon  and  between  that  and  the  abdomi- 
nal parietes;  the  position  of  the  appendix  appearing  to  determine  this  upward 
course  of  the  pus  outside  the  ca3cum.  An  abnormally  high  caecum  naturally 
adds  to  the  safety  of  this  walling-off  process,  and  in  one  such  case  the  pus  was 
actually  directed  to  the  left  side  of  the  diaphragm.  Finally,  as  was  shown  in  a 
case  upon  which  the  writer  operated,  it  seems  permissible  to  assume  that  the 
pus  may,  in  individuals  who  have  long  and  movable  organs,  be  transferred  intra- 
peritoneally  in  still  another  manner.  In  the  case  referred  to  there  was  found,  on 
the  inner  surface  of  the  abdominal  parietes,  a  little  dextrad  of  the  mammary 
line  and  nearer  the  ribs  than  the  ilium,  a  small  abscess,  the  walls  of  which  were 
formed  externally  by  the  abdominal  parietes,  and  on  all  other  sides,  by  thick, 
gristly  masses  of  omentum.  In  close  proximity,  but  not  (at  the  time  of  the 
operation)  directly  in  contact  with  the  abscess  cavity  (although  at  one  time  it 
doubtless  did  lie  in  contact  with  it),  lay  the  tip  of  the  appendix  deeply  buried 
in  the  same  adhesions.  At  the  point  of  its  nearest  approach  were  the  evidences 
of  previous  perforation  or  gangrene,  while  the  rest  of  the  organ  was  normal. 
If  this  small  direct  appendiceal  abscess  had  advanced  but  an  inch  and  a  half 
further,  it  would  have  touched  the  convex  surface  of  the  liver. 

The  fact  that  an  appendix  is  dependent  and  that  the  pus  escaping  from  it 
flows  into  the  pelvis  does  not  preclude  the  development  (from  this  source)  of 
a  subphrenic  abscess.  In  confirmation  of  this  statement  may  be  mentioned 
a  recorded  case  in  which  the  pelvic  collection  of  pus  penetrated  to  the  root  of 
the  mesentery  and,  ascending  along  the  spine,  formed  a  right-sided  subphrenic 
abscess.  There  were,  in  this  case,  many  adhesions  in  the  pelvis,  in  both  pleurie, 
and  in  several  parts  of  the  abdomen,  and  the  mesenteric  lymph  nodes  were  en- 
larged and  swollen. 
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When  a  lcft-.sided  suljphrenic  abscess  comes  from  the  ai)pendix,  it  is,  in  all 
probabiHty,  an  intraperitoneal  one  and  usually  represents  something  left  over 
from  a  general  peritonitis,  as  explained  above.  The  retroperitoneal  abscess  of 
appendicitic  origin  must  culminate  on  the  right  side.  It  wi]l  now  be  seen  that  it 
is  no  easy  matter  to  determine  the  course  which  has  been  travelled  by  an  abscess, 
whether  intraperitoneal  or  extraperitoneal.  Sometimes  retroperitoneal  phleg- 
mons coexist  with  intraperitoneal  abscessed.  Which  one  of  the  two  is  to  be 
considered  the  primary  trouble  will  be  decided  by  a  careful  weighing  of  the 
evidence.  The  following  case  will  serve  as  an  illustration  of  such  a  combination 
as  that  to  which  I  have  just  referred: — 

During  the  progress  of  an  abdominal  operation  an  intraperitoneal  encapsu- 
lated appendiceal  abscess  was  opened.  By  aspiration  through  the  seventh  right 
interspace  a  quantity  (circa  300  c.c.)  of  cloudy  fluid  was  removed.  Then  the 
tenth  rib  was  resected  and  a  liver  abscess,  composed  of  foul-smelling  pus,  was 
evacuated.  It  was  found  afterward  that  the  area  of  dulness  on  the  right  side, 
extending  up  as  high  as  the  fourth  rib,  had  not  diminished  perceptibly.  Several 
punctures  were  made  and  the  eighth  rib  was  resected.  In  this  way  it  was  found 
possible  to  drain  a  large  subphrenic  abscess  through  an  opening  in  the  anterior 
axillary  line.  Recovery  began ;  then  followed  a  renewed  rise  of  body  temperature 
and  increased  discharge  from  the  abscess.  Resection  of  the  ninth  rib  in  the 
scapular  Une;  pleura  found  to  be  non-adherent;  transpleural  opening  of  abscess 
in  back  of  liver;  drainage.  Five  abscesses  developed  in  the  thigh,  and  death 
occurred  soon  afterward.  At  the  autopsy  the  following  conditions  were  found: — 
Atelectasis  of  the  right  lung;  between  the  rectum  and  the  bladder  there  was  an 
unopened  abscess;  a  pus  canal  existed  between  the  kidney,  the  liver,  and  the 
parietes,  with  a  side  channel  that  led  between  the  right  pleura  and  the  spine. 
Although  some  of  these  collections  of  pus  were  intraperitoneal,  most  of  them  were 
certainly  retroperitoneal. 

The  contents  of  these  abscesses  correspond  to  their  origin;  the  pus  is  usually 
thin  and  dirty  and  always  foul-smelhng.  Gas  has  been  found  very  seldom 
and  then  in  retroperitoneal  collections,  showing  that  it  had  originated  from 
bacterial  growth  and  had  not  escaped  through  an  opening  in  the  intestinal 
canal.  Osmosis  of  gas  through  a  membrane,  however,  should  not  be  forgotten 
as  a  possible  som'ce  of  gas,  or  at  least  of  odor,  in  an  abscess  lying  in  close  pro- 
pinquity to  the  bowel. 

Thoracic  complications  are  not  rare  in  these  cases,  and,  in  a  few  instances, 
perforation  into  the  lung  has  taken  place.  Dr.  Rufus  D.  Hall,  of  Cincinnati, 
has  reported  such  a  case.  Ten  days  after  an  appendiceal  abscess  had  been  opened 
the  patient  became  very  ill  and  remained  so  for  two  or  three  weeks,  when  an 
abscess  opened  into  the  lung  and  bronchi,  a  pint  or  more  of  pus  being  discharged 
in  a  few  hours.  The  discharge  lasted  for  several  weeks,  after  which  the  patient 
recovered. 

Pericarditis  has  been  reported  as  a  consequent  complication. 

The  time  which  elapses  between  the  appearance  of  the  first  symptoms 
indicating  the  development  of  the  complication,  and  the  rupture  of  the  sub- 
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diaphragmatic  abscess,  may  not  be  more  than  five  days ,  but,  if  the  period  be 
estimated  from  the  attack  of  appendicitis — the  real  beginning  of  the  trouble, — 
it  will  be  found  to  be  much  longer.  In  some  cases  it  has  appeared  as  late  as  six 
weeks  after  the  appendicitis. 

The  prognosis,  as  a  matter  of  course,  varies  greatly  in  the  different  cases. 
The  course  followed  by  the  pus  in  its  advance  from  the  appendix  to  the  neigh- 
borhood of  the  diaphragm  would  seem  to  have  considerable  influence  upon  the 
behavior  of  the  secondary  disease.  It  must  also  be  remembered,  as  I  have 
already  stated,  that  infections  which  travel  by  way  of  the  portal  vein  are  specially 
virulent.  It  is  also  a  fact,  however,  that  the  statistics  furnished  by  different 
observers  are  quite  contradictory.  The  abscesses  that  contain  gas  are  particu- 
larly fatal.  Griineisen's  wide  experience  in  these  cases  supports  the  claim  of 
many  conservative  surgeons  that  mere  drainage  of  a  simple  appendiceal  abscess 
is  sufficient  to  effect  a  cure  in  almost  all  cases.  He  had  no  recurrences  after 
simple  incision  and  drainage  of  both  collections  of  pus,  although  it  is  true  that 
in  one  instance  there  was  a  faecal  fistula  which  would  not  close  until  a  resection 
of  the  bowel  had  been  made.  It  would  seem  as  if  the  plan  of  treatment  w^hich 
has  just  been  mentioned  did  not  harmonize  with  the  suggestion  pre\'iously 
given,  viz.,  that  the  entire  organ  and  its  peritoneal  stalk  be  removed.  The 
meaning  that  I  intended  to  convey  is  this :  w^here  there  are  no  contra-indicatiohs 
to  the  removal  of  the  appendix,  this  structure  should  be  removed  thoroughly; 
but  I  hold  that  a  well-circumscribed  abscess,  w^hich  can  be  reached  without 
opening  the  general  abdominal  cavity,  often  constitutes  a  contra-indication  to 
such  removal. 

It  is  not  yet  possible  to  give  the  proportion  of  subphrenic  abscesses  that 
follow  an  appendicitis,  because  the  results  from  modern  methods  have  not  been 
tabulated.  Weber,  w^ho  operates  early,  reports  but  nine  in  three  hundred  and 
fifty  cases.  Naturally,  the  earlier  the  operation,  the  less  often  are  such  sup- 
purative complications  to  be  expected.  An  operation  on  the  third  day  did 
not,  it  is  true,  prevent  the  formation  of  an  abscess  on  the  eighth;  but  the  "third 
day"  is  an  uncertain  term,  as  we  have  pointed  out,  because  no  man  knows 
which  w^as  the  first  da}'. 

Subphrenic  Abscesses  of  Gastric  Origin. 

In  these  cases  there  must  be  a  perforation  of  the  viscus,  and  such  a  perfora- 
tion results  either  from  an  ulcer,  simple  or  carcinomatous,  or  from  a  trauma. 
By  far  the  larger  nimiber  come  from  a  simple  ulcer,  and  those  which  come  from 
a  carcinomatous  ulcer  occur  so  late  in  the  process  that  they  can  have  no  interest 
for  the  surgeon.  If  the  ulcer  perforates  into  the  free  peritoneal  cavity  a  limita- 
tion of  the  mflammation  is  very  milikely,  although  this  is  helped  by  the  prompt 
meteorism  and  by  any  gas  which  may  collect  above  the  stomach  and  thus  push 
the  latter  down  against  the  intestines.  It  is  also  helped  by  the  fact  that  an 
ulcer  is  usually  accompanied  by  perigastric  adhesions  before  it  perforates. 
Wlien  an  ulcer  thus  perforates,  it  causes  suppuration  under  the  adhesions  and 
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the  pus  may  then  slo\vl\-  i)ush  its  way  to  tlie  tliaphragm.  The  pushing  of 
an  aspirating-needle  toward  the  diaphragm  (Uu-ing  the  act  of  expiration  may 
also  be  responsible  for  the  advance  of  the  pus  in  that  direction. 

A  perforation  located  on  the  posterior  wall  of  the  stomach  makes  much 
stronger  and  thicker  adhesions,  which  thus  bind  the  organ  tightly  to  the  left 
lobe  of  the  liver  and  to  the  pancreas.  Perforations  on  the  anterior  wall  and  near 
the  greater  curvature  are  more  likely  to  excite  a  general  peritonitis;  and  yet 
there  are  on  record  some  exceptional  cases  in  which  a  circumscribed  abscess 
fonned  as  a  result  of  a  perforation  in  this  part  of  the  stomach  wall.  Perfora- 
tions in  the  posterior  wall  and  lesser  curvature  are  likely  to  be  followed  by  an 
infection  of  the  lesser  abdominal  ca^'ity.  A  rupture  near  the  fundus  is  rare,  but 
is  much  more  apt  than  those  located  in  other  parts  of  the  stomach  to  lead  to  a 
perforation  through  the  diaphragm.  An  abscess  which  owes  its  origin  to  ulcer- 
ation of  the  fundus  of  the  stomach  is  generally  on  the  left  side.  The  course  of 
these  abscesses  may  be  slow  (subacute),  as  sho^Ti  in  the  following  case  {Erft. 
Med.  Journal  May  22d.  1S97):— 

A  man  who  had  suffered  from  dyspepsia,  but  who  had  never  had  hsematemesis, 
was  seized  with  severe  epigastric  pain  and  vomiting.  Morphine  relieved  the  pain 
and  the  vomiting  ceased.  It  was  afterward  thought  that  at  this  time  a  small 
perforation  must  have  occurred  in  the  stomach  or  the  duodenum.  Ten  days  later, 
the  patient  had  severe  catching  pain  at  the  lower  angle  of  the  right  scapula  where 
coarse  friction  sounds  were  heard.  Short  cough  but  no  expectoration.  Tem- 
perature. 101°  F.;  pulse.  114.  Xo  signs  of  peritonitis.  Two  days  later  the  entire 
border  of  the  diaphragm  was  displaced  upward.  The  area  of  liver  dulness  was 
replaced  with  tympanites,  wliich  extended  as  high  up  as  the  nipple.  At  the  base 
of  the  chest  on  the  right  side  there  was  marked  dulness  as  high  up  as  the  angle 
of  the  scapula,  and  the  breathing-sounds  were  entirely  absent.  Above  the  tym- 
panitic area  was  a  transverse  band  of  dulness,  two  inches  vdde.  Dyspnoea  consid- 
erable. The  tympanites  of  the  stomach  was  easily  cUfferentiated.  Two  days 
later,  an  incision  in  the  posterior  axillary  Hne,  between  the  eighth  and  ninth  ribs, 
afforded  escape  to  a  large  amount  of  pus  and  gas.  Serum  was  found  in  the  pleura, 
and  two  weeks  later  this  had  changed  to  pus.  wliich  was  aspirated. 

On  the  other  hand,  the  course  may  be  extremely  rapid,  as  is  sho^Ti  in  the 
following  case,  which  was  reported  by  Meyer  [St.  Petersburger  medicinische 
Wochenschrift.  Xo.  40,  1892)  as  a  case  of  phlegmonous  gastritis : — 

A  man  who  had  indulged  in  over-eating  had.  on  the  following  day,  a  chill  and 
some  sHght  dehrium,  ^^Ith  vomiting  of  bile  soon  afterward.  The  vomiting  con- 
tinued and  in  a  few  days  there  were  marked  evidences  of  peritonitis,  vrith  slight 
jaunchce  and  albuminuria.  The  area  of  hepatic  dulness  increased  in  extent,  while 
posteriorly  the  pulmonary  sounds  became  impaired.  Pulmonary  oedema,  death. 
Autopsy:  Pleural  cavities  contained  a  Uttle  tm-bid  serum  \\-ith  coagula;  in  the 
pericardium  there  was  an  excess  of  clear  serum.  The  diaphragm  was  elevated 
to  such  an  extent  that  the  heart  lay  in  a  horizontal  position.  The  upper  surface 
of  the  liver,  and  the  ileum  just  above  the  valve,  were  covered  with  pus  and  fibrin. 
(In  view^  of  the  fact  that,  at  this  date,  examinations  of  the  appendix  were  rare, 
is  it  not  possible  that  fulminating  inflammation  of  this  organ  was  the  prime  cause 
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of  these  lesions?)  The  small  peritoneal  cavity  contained  a  purulent  and  fibrinous 
fluid.  Spleen  enlarged.  The  portal  vein  contained  a  recent  thrombus.  The 
fundus  of  the  stomach  presented  ecchymoses  of  the  mucous  membrane,  and  close 
to  the  cardia,  on  the  posterior  wall,  were  two  small  abscesses  that  lay  between 
the  mucosa  and  the  muscularis  and  contained  thickened  pus.  Some  implication 
of  the  dura  mater. 

A  subphrenic  abscess  of  gastric  origin  is  usually  much  expanded  and  occu- 
pies the  entire  left  half  of  the  diaphragmatic  dome.  The  left  lobe  of  the  liver, 
the  stomach,  and  the  spleen  are  pushed  down  in  such  a  manner  as  to  leave 
space  for  a  great  cavity  which  is  separated  from  the  general  peritoneal  cavity 
by  the  transverse  colon  and  meso-colon,  the  walls  of  which  are  attached  to  the 
parietes  by  adhesions.  The  front  wall  of  the  abscess  cavity  is  formed  by  the 
omentum  and  abdominal  parietes,  and  the  right  wall  by  the  ligamentum  sus- 
pensorium  which  has  been  pushed  to  the  right.  That  particles  of  food  are  not 
often  found  in  the  abscess  is  due  to  the  fact  that  the  first  perforation  is  usually 
minute  in  size,  permitting  the  gas  and  thin  fluid  to  pass,  but  not  the  thicker 
material.  In  most  of  these  cases  the  pleura  is  later  involved,  but  it  is  only 
very  seldom  that  the  inflammation  culminates  in  an  empyema.  Perforation 
of  the  diaphragm  occurs  rather  more  frequently  than  in  abscesses  of  appen- 
dicitic  origin. 

The  general  clinical  picture  is  much  more  characteristic  than  is  that  of  an 
abscess  of  appendicitic  origin.  The  value  of  Leyden's  signs  of  ''subphrenic 
pyopneumothorax"  is  now  established.  The  history  seldom  fails  to  point  to 
long-standing  stomach  trouble.  The  attack  is  sudden  and  is  characterized  by 
collapse.  The  length  of  time  between  the  occurrence  of  a  perforation  and  the 
appearance  of  the  abscess  varies  from  four  days  to  four  weeks.  Severe  internal 
bleeding  may  dominate  the  picture. 

The  following  case  will  show  the  complex  character  of  these  abscesses : — 

A  woman  with  stomach  difficulties  had  a  sudden  attack  of  pain  and  haema- 
temesis.  Abdominal  distention  and  tenderness;  behind  the  uterus  an  elastic 
swelling.  On  the  twelfth  day  incision  was  made  in  the  posterior  fornix;  it  gave 
exit  to  a  light-brown,  foul-smelling  pus.  Fourteenth  day:  elastic  tympanitic 
resistance,  of  the  size  of  an  apple,  in  the  epigastrium.  Fifteenth  day:  gas  and 
putrid  pus  (without  food  particles)  were  evacuated  from  this  tumor  (abscess)  which 
was  located  between  the  diaphragm  and  the  stomach.  No  perforation  discovered. 
Convalescence  set  in.  On  the  twenty-seventh  day  fever,  pain  in  the  left  side,  and 
a  diminution  of  the  discharge  were  noted.  External  wound  closed.  Thirty- 
second  day:  splenic  dulness  enlarged;  tympany;  fiiction  sounds;  diaphragm 
elevated  2  cm.  Several  punctures  were  made  before  pus  was  at  last  found.  Then 
an  incision  was  made  parallel  to  the  ribs,  and  it  was  found  that  the  abscess  cavity 
reached  forward  to  the  mammary  line,  upward  to  the  sixth  rib,  and  backward  to 
the  posterior  axillary  line.  On  the  one  hundred  and  twenty-sixth  day,  gastro- 
enterostomy was  performed  for  the  relief  of  the  gastric  ulcer. 

In  this  case  the  pus  took  a  course  the  reverse  of  that  observed  in  a  previous 
case,  where  it  ascended  behind  the  peritoneum  from  the  region  of  the  pelvis. 
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There  is  on  record  a  case  iu  which  a  subphrenic  alisccss  of  gastric  origin 
healed  without  open  drainage — a  rare  event.  Presunial)ly,  in  this  case,  encai)- 
sidation  took  place  at  the  point  where  the  gastric  ulcer  was  preparing  to  per- 
forate. Notwithstanding  the  fact  that  many  punctures  were  made,  no  abscess 
was  found,  but  a  large  collection  of  gas  was  drawn  off.  Even  when  the  contents 
of  an  empyema  were  emptied  by  resection  of  a  rib,  no  evidence  of  a  subphrenic 
abscess  was  discovered.  A  later  gastro-enterostomy  proved  that  such  an  abscess 
had  existed,  as  evidenced  by  the  ol)literation  of  the  subphrenic  space  and  by  the 
presence  of  scars.  The  great  accumulation  of  gas  had  pre^'ented  much  extra- 
vasation of  fluid. 

Among  the  complications  pyopneumothorax  is  extremely  rare,  and  so  is 
pericarditis.  The  mediastinum  was  implicated  in  a  single  case.  The  propor- 
tion of  cases  of  ulcer  which  ru]3ture  directh'  through  the  diaphragm  is  variously 
stated. 

Typical  cases,  "^dth  protrusion  of  the  epigastrium,  are  best  opened  at  that 
point,  \\ith  a  counter-opening  at  the  side.  If  the  abscess  is  located  nearer  the 
back,  a  resection  alone  will  do. 

The  prognosis  is  not  quite  so  good  as  when  the  abscess  is  of  appendicitic 
origin.  Cases  even  of  pneumothorax,  if  subacute,  are  knowm  to  have  healed 
where  drainage  alone  was  provided. 

Subphrenic  Abscesses  of  Duodenal  Origin. 

These  abscesses  are  usually  located  on  the  right  side,  to  the  right  of  the 
falcifomi  ligament.  In  the  following  unique  case  the  pus  pushed  its  way  from 
the  front  of  the  duodenmn,  through  adhesions,  to  the  front  edge  of  the  liver 
and  thence  to  its  convexity: — 

The  first  symptoms — stomach  cramps — were  observed  by  the  patient  early 
in  January.  During  the  following  month  they  became  more  frequent  and  more 
severe,  and  at  the  same  time  it  was  noted  that  a  tumor  existed  in  the  csecai  region 
and  that  it  was  increasing  in  size.  An  area  of  dulness  was  also  noted  in  the  right 
lower  thorax.  A  puncture  made  in  this  region  gave  negative  results.  At  the  be- 
ginning of  March  it  was  found  that  the  area  of  dulness  extended  as  high  up  as 
the  angle  of  the  scapula.  March  7th:  high  fever;  protrusion,  in  part  tympanitic, 
in  the  region  of  the  liver.  In  the  csecal  region  there  were  felt  two  "strings"  or 
bands  which  i-eached  to  the  liver  region.  Slight  icterus.  March  r2th:  several 
punctures  negative;  pus  reached  in  the  ninth  space  behind;  resection  of  rib;  inci- 
sion of  the  diaphragm.  After  several  punctures  of  the  liver,  pus  was  found  well 
to  the  front,  in  an  illv  defined  cavitv.  Much  l^leeding  from  the  opening  that  had 
been  made  with  a  blunt  instrument;  tamponade;  improvement;  tympany  re- 
mained. March  22d:  several  punctures  gave  gas  only,  and  it  was  inferred  that 
the  bowel  had  been  entered.  Soon  afterward  cliills.  March  28th:  puncture  gave 
escape  to  offensive  gas.  Incision  at  costal  arch  in  mammar}'  line  opened  a  smooth- 
walled  cavity  between  the  liver  and  the  diaphragm;  it  contained  little  pus  but 
much  gas.  Death.  Autopsj";  Strong  adhesions  between  the  ascending  colon 
and  the  liver,    they  enclosed  a  pus  canal  the  size  of  the  finger.     This  canal  ex- 
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tended  from  the  anterior  superior  spine  of  the  iUum  to  the  convexity  of  the  hver, 
and  also  led  under  the  omentum  to  the  duodenum  where  there  was  a  perforation 
and  where  stomach  contents  were  found.  The  subphrenic  region  was  found 
distended  to  the  level  of  the  second  rib.  One-half  litre  of  pus  was  present  in  the 
right  pleura.  A  perforation  penetrated  through  the  diaphragm  and  the  pleura. 
In  the  substance  of  the  diaphragm  were  several  abscesses.  In  addition  to  the 
abscess  in  the  liver  which  had  been  opened,  there  was  another  which  appeared  to 
have  no  connection  with  either  the  portal  or  the  hepatic  vein.  The  appendix 
was  found  lying  in  the  midst  of  the  adhesions,  but  it  was  intact. 


Subphrenic  Abscesses  of  Cholangittc  and  Echinococcic  Origin. 

There  are  two  ways  in  which  it  is  possible  for  the  infection  to  spread  from 
the  gall-tract  to  the  subphrenic  space.  It  may,  for  example,  pass  through  a  per- 
foration in  the  gall-bladder  or  gall-ducts  and  give  rise  to  a  pericystic  abscess  in 
or  under  the  liver,  and  this  in  turn  may,  at  some  later  date,  involve  the  under 
surface  of  the  diaphragm.  Evidence  of  these  different  steps  may  often  be  seen 
in  operations  on  the  gall-tract.  In  the  next  place  the  gall-ducts  may  be  greatly 
distended  {e.g.,  through  the  presence  of  obstructing  gall-stones),  and  this  condi- 
tion of  distention  may  extend  back  as  far  as  the  finer  ramifications  in  the  liver. 
Should  these  become  infected,  the  inflammation  may  easily  pass  to  the  convex 
surface  of  the  liver.  The  following  condensed  report  of  an  autopsy  furnishes 
the  only  example  of  this  condition  of  which  I  have  any  knowledge  :— 

Extreme  icterus;  the  upper  surface  of  the  left  lobe  of  the  liver  covered  with 
thick  purulent  lymph,  beneath  which  may  be  seen  multiple  focal  abscesses  that 
extend  down  into  the  liver  substance;  old  adhesions  surrounding  the  hepatic 
ducts;  common  duct  impermeable  below,  widely  dilated,  and  containing  disin- 
tegrating gall-stones;   liver  enlarged,  hard,  and  deeply  bile-stained. 

The  course  last  described  is  the  same  as  that  observed  in  cases  in  which  the 
subphrenic  abscess  owes  its  origin  to  echinococcus  disease.  There  is,  however, 
one  appreciable  difference  between  the  two:  in  cholangitis  the  abscesses  are 
very  small,  while  in  the  case  of  echinococcus  disease  large  cysts  break  through. 
The  course  pursued  in  cholangitis  is  shown  in  the  following  brief  account : — 

The  patient  had  had  gall-stone  colic  for  a  year  without  icterus.  At  time  of 
operation  there  was  slight  fever,  and  the  abdomen  was  distended  and  tender, 
especially  over  the  liver.  No  discoverable  tumor.  An  incision  over  the  gall- 
bladder released  much  sweet  bile.  Bladder  itself  quite  small;  no  perforation 
found.  Bile  had  passed  between  the  adhesions  as  far  as  the  convexity  of  the  right 
lobe  of  the  liver.  Stone  in  cystic  duct;  otherwise  the  passages  were  free.  Un- 
eventful recovery. 

Abscesses  such  as  are  now  under  consideration  are  generally  right-sided 
and  intraperitoneal;  as  a  rule,  they  also  contain  bile  and  occasionally  stones. 
On  account  of  its  instructive  character  I  will  give  here  a  brief  account  of  one 
of  Maclaren's  cases  of  subphrenic  abscess  of  cholangitic  origin. 
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The  abscess.  \\ hich  reached  from  the  liver  to  the  umbiUcus.  was  incised  and  a 
quart  of  bile-stained  pus  was  evacuated.  The  gall-bladder  filled  with  stones 
could  be  felt  above.  Drainage  established.  Improved  health.  Four  and  a  half 
months  later,  a  second  operation  showed  a  contracted,  univei-sally  adherent  gall- 
bladder containing  stones  and  no  bile.  The  liver  was  ver}'  firmly  fixed,  and.  in 
separating  adhesions  between  the  liver  and  the  cUaphragm.  the  finger  unexpectedly 
broke  into  a  large  abscess.  Without  withdra^\-ing  the  finger,  which  was  allowed 
to  remain  in  the  abscess  ca^•it3'"  until  the  follo'^'ing  manoeuvre  was  completed,  the 
operator  resected  two  inches  of  the  seventh  rib  in  the  anterior  axillaiy  line,  opened 
the  plem-a.  tamponed  the  opening  all  around  until  all  inspiratoiy  sounds  had 
ceased,  then  opened  the  abscess  through  the  cUaphragm  and  let  out  eight  ounces  of 
thick,  offensive  pus.  Counter-opening  in  the  back.  Seven  days  later,  two  stones 
were  discharged.     Slow  recovery  followed. 

The  histoiy  of  the  aihnent  and  the  general  position  of  the  region  diseased 
will,  in  most  cases,  lead  to  the  adoption  of  a  correct  diagnosis.  The  height  of  the 
upper  limit  of  the  liver  will  aid  the  surseon  in  determining  whether  or  not  a 
perforation  has  taken  place  in  the  gall-bladder.  As  to  the  best  method  of  oper- 
ating, the  decision  should  depend  upon  the  object  which  the  surgeon  has  in  view. 
If  he  desires  to  attack  the  primary  disease  he  should  make  liis  incision  in  the 
rectus  abdominis  muscle:  but.  if  his  chief  object  is  to  secure  proper  drainage,  he 
shoidd  make  his  incision  in  the  patient's  back.  Allien  an  abscess  of  the  liver 
is  present  at  the  same  time,  it  may  be  found  best  to  press  the  organ  fimily  up- 
ward and  then  to  reach  the  abscess  from  aboA'e  by  making  an  incision  through 
the  diaphragm. 

In  a  fair  share  of  the  few  cases  of  echinococcus  which  have  been  reported, 
a  pre\4ous  operation  for  removal  of  cysts  has  been  responsible  for  contami- 
nating the  subphrenic  space  and  thus  estabhshing  in  this  locality  an  adchtional 
centre  for  the  growth  of  the  parasite.  As  the  echinococcus  is  often  found  in  the 
liver,  that  organ  is  responsible  for  a  large  percentage  of  the  cases  of  subphrenic 
echinococci,  the  cysts  of  which,  being  located  either  on  or  in  that  organ,  often 
burst  into  the  space  imder  discussion.  The  foUo^^ing  cases  show  that  it  is  not 
always  possible  to  make  out  clearly  the  true  nature  of  the  disorder: — 

For  five  months  the  patient  had  suffered  from  typical  gall-stone  colic.  When 
he  came  luider  observation  he  had  fever  and  was  intensely  jaundiced.  He  also 
had  catarrh  of  the  bladder,  for  the  relief  of  which  an  incision  was  made  and  ch'ain- 
age  established.  Three  weeks  later,  thoracotomy:  a  large  echinococcic  sac  was 
emptied  and  partly  drained.  For  a  short  time  bile  appeared  in  the  fluid  that 
escaped  from  the  woimd  in  the  sac.  As  the  plein-a  had  been  sutured  at  the  time 
of  the  resection,  the  plein-al  cavity  remained  uninfected. 

In  another  case  it  was  evident,  from  the  fact  that  daughter  cysts  had  occa- 
sionally passed  by  the  bowel  v^ith  accompanying  colic  and  icterus,  that  there  must 
have  existed  a  commimication  between  the  cyst  and  the  gall-passages.  Xot- 
withstanding  the  existence  of  a  general  peritonitis  and  of  great  prostration,  Lobker's 
operation  was  performed.  An  incision  made  in  the  bulging  epigastrium  gave  exit 
to  large  quantities  of  a  cloudy  serous  fluid  from  the  abdominal  ca\-ity.  The  cut 
edges  of  the  peritoneum  were  sewed  to  the  parietes,  as  was  also  the  left  lobe  of  the 
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livei'.  All  opening  was  then  made  in  the  liver  and  two  htres  of  pus,  containing 
numerous  vesicles  and  a  large  portion  of  the  parent  cyst  in  necrotic  pieces,  were 
evacuated.  The  cyst  occupied  the  whole  space  lietween  the  liver  and  the  dia- 
phragm. Aftei-  the  effects  of  the  shock  had  passed  off,  the  patient  made  a  rapid 
recovery. 

The  Australian  surgeons  have  had  much  experience  with  echinococcus  disease, 
and  it  may,  therefore,  be  advantageous  to  mention  their  method  of  attacking 
a  cyst  of  the  upper  surface  of  the  Hver.  After  resecting  the  eighth  or  ninth 
rib  near  the  costal  arch,  they  make  one  bold  stroke  of  the  knife  through  the 
diaphragm  into  the  cyst.  Then  they  insert  one  finger,  pull  out  the  cyst,  and 
insert  a  drain,  thus  completing  the  operation  in  five  or  six  minutes. 

Subphrenic  Abscesses  of  Splenic  Origin. 

These  abscesses  are  generally  caused  by  the  lodgment  of  a  septic  embolus  in 
the  spleen.  The  various  sources  from  which  such  an  embolus  may  come  are 
these:  endocarditis,  pyaemia,  typhoid  fever,  rheumatism,  etc.  That  the  spleen 
has  first  broken  down  is  shown  by  the  necrops}',  or  by  finding  in  the  discharge 
pieces  of  spleen,  of  microscopic  dimensions  or  of  some  size.  Post-part um 
sepsis,  as  a  matter  of  course,  furnishes  a  plentiful  number  of  cases.  These 
abscesses  always  lie  within  the  arched  space  foiTned  by  the  bony  thorax,  to  the 
left  side  and  behind.  They  are  neither  to  be  clearly  palpated,  nor  percussed. 
A  diagnosis  is  seldom  made.  The  first  symptom  is  pain,  due  to  splenitis,  and 
it  ma)^  manifest  itself  as  early  as  eight  wrecks  before  the  disease  is  recognized. 
Since  the  abscess  in  the  spleen  is  secondaiy  and  the  subphrenic  abscess  tertiary 
to  some  other  trouble,  the  illness  is  commonly  of  a  severe  chai'acter,  with  high 
fever,  symptoms  of  a  general  septic  condition,  and  dulling  of  the  sensorium. 
Generally,  the  presence  of  a  pleural  exudate  is  the  only  thing  that  is  demonstrated 
by  the  examination.  In  most  cases  empyema  develops  as  a  complication. 
In  some  instances  perforation  of  the  diaphragm  has  occurred.  The  finding  of 
bloody  pus  may  be  considered  characteristic  of  a  burst  splenic  abscess. 

The  prognosis  in  the  present  class  of  cases,  as  in  the  other  classes,  depends  on 
the  nature  of  the  primary  disturbance.  If  the  abscess  owes  its  origin  to  an  ul- 
cerative endocarditis  the  outlook  is  naturally  hopeless.  In  all  cases  the  course 
is*  long  and  the  prognosis  uncertain  and  at  best  unfavorable.  Nevertheless,  a 
cure  has  followed  the  establishment  of  drainage  even  when  the  conditions  were 
severe.  The  spleen  has  been  known  to  be  extruded  from  the  abdomen  by  an 
abscess  in  which  it  floated,  this  abscess  bursting  at  the  navel.  Resection  of  a 
rib  is  indicated  in  all  cases,  especially  as  the  thoracic  viscera  are  so  frequently 
implicated  in  this  form  of  the  disease.  In  one  of  the  cases  observed,  a  gas- 
containing  abscess  developed  over  the  spleen  eight  days  after  an  attack  of 
typhoid  fever.  Puncture  in  the  ninth  interspace  revealed  the  presence  of  pus. 
After  an  absence  of  one  year  the  patient  returned  and  a  resection  of  the  tenth 
rib  was  made.  Pieces  of  spleen  were  discharged.  Eleven  weeks  later  he  died 
of  a  violent  pneumonia.     At  the  autopsy  strong  adhesions  were  found  between 
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tlu-  lung  and  the  sijlccn,  and  abscesses  containing  air  were  found  in  the  latter 
organ. 

Subphrenic  Abscesses  of  Rarer  Origix. 

Subphrenic  abscesses  of  pancreatic  origin  are  rare,  because  the  usual  primary 
cause,  necrosis,  is  rare.  Pancreatic  calculi  must  not  be  forgotten  as  a  possible 
cause.  The  collection  of  pus  is  confined  to  the  bursa  omentalis.  It  develops 
in  an  upward  direction  and  toward  the  left,  where  it  is  easily  attacked  from  the 
side.  In  one  case,  after  resection  of  a  rib,  the  diaphragm  was  incised,  and  a 
tough,  fixed,  rough  membrane,  which  proved  to  be  the  inflamed  peritoneum, 
protruded  from  the  wound.  It  was  not  found  necessaiy.  as  is  usuaU}-  the 
case,  to  incise  the  peripancreatic  abscess  from  in  front,  and  thus  to  open  the 
peritoneal  ca\-it}-.  This  may  indeed  be  the  better  way  of  reaching  pancreatic 
abscesses,  if  they  show  signs  of  developing  toward  the  loin,  for  better  drainage 
is  thus  secured  and  the  general  cavity  of  the  peritoneum  is  protected. 

Subphrenic  abscesses  of  perinephritic  origin  are  rare,  not^uithstanding  the 
fact  that  suppuration  of  the  kidney  is  relatively  common.  In  the  first  place, 
only  the  upper  pole  of  the  kidney  is  in  contact  -^ith  the  diaphragm.  Conse- 
quently, when  the  pus  of  a  renal  abscess  breaks  its  way  through  the  capsule  of 
the  kidney  it  must  first  perforate  or  dissect  up  the  peritoneum  before  it  can  form 
a  distinct  abscess  beneath  the  diaphragm.  Then,  in  the  next  place,  perine- 
phritic abscesses  have  a  greater  tendency  to  descend  beneath  the  p.soas  fascia 
to  the  pelvis  than  to  force  their  way  upward.  Finally,  the  setting  up  of  a 
retropleural  inflanmiation  or  an  empyema,  even  after  the  perforation  of  the 
diaphragm  has  taken  place,  is  a  more  frec^uent  result  of  the  bursting  of  a  renal 
abscess  than  is  the  development  of  a  subphrenic  collection  of  pus.  Doubtless, 
in  a  nmnber  of  instances  the  existence  of  the  renal  abscess  has  been  overlooked. 
Urine  free  from  contamination  does  not  necessarily  exclude  pyonephrosis.  In 
one  case  of  subphrenic  abscess  it  was  erroneously  supposed,  when  it  was  incised, 
that  it  was  of  appendiceal  origin,  because  the  pus  came  from  a  canity  that  ex- 
tended along  the  psoas  to  the  pelvis.  As  a  matter  of  fact,  the  source  of  the  trouble 
lay  in  a  stone  in  the  kidney,  with  kinking  of  the  ureter.  Tuberculosis  is  naturally 
a  not  infrequent  cause  and  requires  nephrectomy,  partial  or  complete. 

J.  Wm.  AAliite  points  out  that  pains  about  the  loin  or  the  hii>joint  are  often 
SATiiptoms  of  this  abscess;  and  a  stiU  more  valuable  s^Tuptom  is  flexion  of  the 
thigh  and  the  tiimk,  with  pain  when  it  is  extended  (tension  of  the  psoas  under 
the  hgamentimi  arcuatimi  intermun).  ^Yhen  such  sjonptoms  are  associated 
with  some  obscure  disease  of  the  lower  part  of  the  thorax  the  surgeon  should  not 
fail  to  examine  the  upper  part  of  the  abdominal  cavity. 

Costal  disease  can  lead  to  subphrenic  abscess  only  when  the  ribs  affected 
are  adjacent  to  the  diaphragm,  and  then  only  when  they  are  diseased  on  their 
iimer  surfaces.  The  necrosis  has  always  been  of  a  tuberculous  nature,  although 
traiuna  must  be  conceded  as  a  possible  cause.  However,  in  those  cases  in  which 
a  traiuna  has  been  the  direct  exciting  cause  it  has  been  found  that  tuberculous 
disease  of  the  bone  previously  existed.     In  one  instance  the  costal  necrosis  ap- 
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pearccl  to  be  of  a  metastatic  nature,  following  a  furuncle.  The  subphrenic 
abscesses  of  costal  origin  are  generally  slow  in  forming,  seven  months  having 
elapsed  in  one  case  between  the  first  pain  and  the  recognition  of  the  trouble. 
There  may  be  a  collection  of  pus  outside  as  well  as  inside  the  ribs.  If  the 
abscess  heals  after  mere  emptying,  the  presumption  is  that  it  was  not  caused 
by  a  necrosed  rib,  particularly  not  by  a  necrosis  of  tuberculous  origin. 

AVhile  pleural  injlammatmn  so  often  follows  subdiaphragmatic  disease,  the 
reverse  is  rare.  The  disturbance  may  go  so  far  as  to  produce  fibrinous  deposits, 
but  we  have  no  means  at  our  command  by  which  we  can  actually  demonstrate 
this  during  life.  Even  where  the  lower  abscess  develops  consecutively  to  a 
higher  one,  the  causative  connection  can  only  be  surmised. 

Lymphadenitis  and  suppuration  of  mesenteric  lymph  nodes  may  be  causes  of 
a  subphrenic  abscess.  The  subsequent  rupture  of  the  latter  or  of  the  retroperi- 
toneal abscess  into  the  peritoneal  cavity,  occurring  coincidently  with  the  col- 
lapse or  disappearance  of  the  swelling  due  to  the  abscess,  may  easily  be  mis- 
taken for  the  occurrence  of  a  perforation  caused  by  a  typhoid  intestinal  ulcer. 
The  violent  infection  which  soon  supervenes  may  be  sufficient  to  distinguish  it 
from  the  typhoid  accident. — Since  tabes  mesenterica  is  known  in  the  foetus,  such 
a  catastrophe  may  occur  very  early  in  life.  Nobel  has  reported  a  case  of  this 
nature  in  which  the  infant  had  suffered,  since  the  time  of  its  birth,  from  tabes. 
On  the  fifty-first  day  several  ounces  of  creamy  pus  burst  from  the  navel.  Au- 
topsy showed  the  subphrenic  abscess  intermediary  between  the  caseated  lymph 
nodes  and  the  navel. — Pyosalpinx  following  labor  is  reported  as  the  cause  in 
some  cases.  As  gonorrhoea  is  now  considered  the  usual  cause  of  this  pelvic 
condition,  it  will  be  proper  here  to  ascribe  the  cause  to  the  coccus  of  Neisser. 
It  is  claimed  that  abscess  of  the  liver  is  a  necessary  intermediate  stage  in  such 
transference. 

Among  the  other  possible  causes  of  a  subphrenic  abscess  may  be  mentioned 
haematocele,  bullet  wounds,  strains  and  contusions  causing  extravasations, 
typhoid  furuncles,  especially  of  the  face,  childbirth,  and  mediastinal  abscess. 
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Introductory  Remarks.— Septic  peritonitis  is  a  surgical  disease  and  its  treat- 
ment should  be  exclusively  surgical.  I'ntil  the  year  ISSO  the  treatment  of  general 
peritonitis  had  been  mainly  medical.  Toward  the  middle  of  the  last  century 
Alonzo  Clark,  of  New  York,  introduced  his  well-known  method,  the  most  impor- 
tant feature  of  which  was  the  giving  of  large  doses  of  oi^ium.  For  thirty  years 
this  continued  to  be  the  most  popular  and  successful  method  and  its  almost  uni- 
vereal  employment  certainly  reduced  the  mortality  of  this  gra^'e  disease.  About 
the  year  1880,  the  operative  interference  was  first  considered  and  laparotomy 
soon  became  the  prominent  method  of  treatment.  It  quickly  displaced  the  older 
methods  and  was  accepted  as  the  most  rational  and  successful  plan  of  treat- 
ment. It  cannot  be  said,  however,  that  all  surgeons  are  entirely  in  accord  as  to 
the  propriety  of  operating  in  all  cases  of  general  septic  peritonitis.  The  majority 
undoubtedly  favor  operative  niterference  at  all  stages  of  the  disease.  Othere 
favor  operation  in  the  primary  stage  only,  and  still  a  third  party  prefer  treat- 
ment by  rest  and  starvation,  T^ith  postponement  of  the  operation  in  the  ex- 
pectation that  localization  of  the  septic  process  ^^"ill  result.  The  details  of  the 
numerous  operative  methods  have  greatly  varied.  That  the  results  which  have 
followed  these  ^•arious  plans  of  treatment  do  not  seem,  until  within  recent 
years,  to  have  greatly  differed,  is  a  proof  of  the  strong  reparative  power  pos- 
sessed by  the  human  peritoneum,  and  of  its  ability  to  abort  or  localize  septic 
processes.  Recently  there  has  been  greater  unanimity  of  opinion  as  regards  the 
principles  of  treatment.  There  is  still,  however,  considerable  difference  of  opin- 
ion as  to  the  operative  details.  Elaborate  and  painstaking  methods  are  rapidly 
disappearing  in  favor  of  simpler  measures.  The  result  of  this  change  from  the 
thorough  but  more  complicated  methods  of  the  past  to  the  simpler  ones  of  the 
present  has  been  most  encouraging.  The  mortalit}'  of  the  disease  has  been 
greatly  reduced. 

It  must  be  distinctly  understood  that  the  same  methods  should  not  alwaj'S 
be  employed  in  the  treatment  of  general  septic  peritonitis.  Operation  is  gen- 
erally, but  not  invariably,  indicated.  The  removal  of  the  infecting  focus  is  in- 
dicated, and  is  of  the  greatest  importance,  but  cannot  always  be  safely  accom- 
plished. There  are  many  exceptions  to  all  such  general  rules.  The  adoption 
of  any  one  method  for  all  cases  is  a  mistake.  The  principles  of  treatment  are 
not  always  the  same,  and  the  details  of  practice  should  vary  accordingly.  AMiile 
it  is  true  that  immediate  operation  is  indicated  in  the  majority  of  cases,  yet  it  is 
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also  true  that  in  certain  other  cases  it  is  contra-indicated.  There  is  also,  in 
certain  cases,  an  elective  time  for  operation.  The  cause  of  the  peritonitis 
must,  to  a  certain  extent,  influence  the  decision  as  to  which  of  these  courses  it 
is  best  to  adopt. 

Causes  of  Septic  Peritonitis., — The  causes  of  peritonitis  are  varied  and  numer- 
ous. To  call  peritonitis  spontaneous  is  simply  to  display  our  ignorance.  It  is  ques- 
tionable whether  it  is  logical  to  attribute  peritonitis  to  rheumatism  or  exposure 
to  cold.  Traumatism  can  be  regarded  as  a  direct  cause  of  aseptic,  and  an  indirect 
cause  of  septic,  peritonitis.  It  is  always  possible  for  aseptic  peritonitis  to  be- 
come septic,  as  it  is  not  difficult,  especially  if  the  intestinal  wall  has  been  in- 
jured, for  bacteria  to  migrate  into  the  peritoneal  cavity.  Under  certain  condi- 
tions, even  without  visible  lesion  of  the  intestine,  bacteria  may  pass  through  its 
wall.  Septic  peritonitis  can,  however,  have  but  a  single  cause,  viz.,  infection 
by  pathogenic  bacteria.  The  germs  alone,  without  other  irritating  material, 
may  enter  the  peritoneal  cavity,  or  in  addition  there  may  be  the  contents  of  one 
of  the  hollow  viscera,  or  other  foreign  material.  Inasmuch  as  the  etiology  of 
the  disease  influences  the  treatment  it  will  not  be  amiss  to  mention  the  usual 
causes  of  general  septic  peritonitis.  These  are  mentioned  below  in  the  order  of 
their  approximate  frequency.  Appendicitis  heads  the  list,  and  is  responsible 
for  nearly  four-fifths  of  the  cases. 

(1)  Appendicitis — any  of  the  various  types  of  inflammation. 

(2)  Perforative  ulcers  of  the  stomach  and  duodenum. 

(3)  Puerperal  infection  (extension  from  a  puerperal  uterus) . 

(4)  Perforation  of  the  Intestine  due  to 

(a)  Typhoid  ulcers.  (c)  Tuberculosis. 

(b)  Foreign  bodies.  (d)  Diverticula. 

(5)  Suppuration  or  gangrene  of 

(a)  Gall-bladder.  (e)  Kidney. 

(b)  Liver.  (f)  Pancreas. 

(c)  Meckel's  diverticulum.  (g)  Lymph  nodes. 

(d)  Spleen.  (h)  Prostate. 

(6)  Traumatic  rupture  of 

(a)  Stomach.  (c)  Gall-bladder. 

(b)  Intestine.  (d)  Urinary  bladder. 

(7)  A  septic  embolus  from  some  distant  focus,  as  a  pneumonia  or  a  menin- 
gitis. 

(8)  Pyelophlebitis. 

(9)  Suppuration  or  breaking-down  of  an  intra-abdominal  neoplasm. 

(10)  Post-operative. 

Prophylactic  Precautions. — Prevention,  as  a  matter  of  course,  should  be  the 
keynote  in  the  treatment  of  all  abdominal  diseases  which  tend  toward  peri- 
tonitis. This  article  deals  solely  with  septic  peritonitis  already  established. 
The  most  important  point  in  its  treatment  is  the  early  recognition  of  its  develop- 
ment. This  is  not  always  easy.  While  generally  the  onset  is  announced  by 
frank  and  distinct  changes  in  the  symptoms  of  the  causative  disease,  yet  occasion- 
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ally  th(>-  first  syiiiptuiii.s  noted  uro  those  of  peritonitis,  the  causative  disease  not 
havinjj;  been  recognized.  In  other  cases  the  grave  symptoms  of  peritonitis  develop 
so  sl()^^'ly  and  insidiously  that  the  septic  inflammation  has  already  become  more 
or  less  giMieralized  before  we  are  r(>ally  aware  of  the;  development  of  this  dan- 
gerous comi)lication.  This  treach(u-ous  Ijehavior  of  certain  abdominal  diseases — 
as,  for  example,  appendicitis — is  the  strongest  argument  for  early  operation. 
Could  such  a  rule  be  established,  the  number  of  cases  of  peritonitis  would  be 
greatly  reduced.  It  is  also  true  that  where,  for  one  reason  or  another,  early- 
operation  has  not  been  performed,  peritonitis  would  be  a  much  less  frequent 
complication  were  proper  precautions  observed  concerning  food  and  medication. 
(See  Ochsner's  method,  on  page  522.)  The  physician  and  surgeon  are  often  to 
blame  for  neglect  of  such  precautions.  Overfeeding  and  castor  oil  are  responsible 
for  many  a  case  of  peritonitis  and  for  many  a  death. 

Terminology. — There  has  been,  and  there  still  is,  some  confusion  as  to  the 
proper  adjectives  to  employ  in  describing  the  different  forms  of  peritonitis. 
The  terms  ''general"  and  "diffuse"  are  considered  as  synonymous.  When 
employed,  they  mean  that  the  septic  inflammation  has  extended  throughout  the 
entire  peritoneal  cavity.  It  is  useless  as  well  as  impossible  to  ascertain  whether 
or  not  every  square  millimetre  of  surface  is  affected,  but,  for  either  one  of  these 
terms  to  be  appropriately  employed,  there  must  be  infection  in  all  quarters  of 
the  cavity,  extending  up  into  each  flank  and  down  each  loin  into  the  bottom  of  the 
pelvis.  The  term  "diffuse"  is  rather  to  be  preferred.  The  term  "universal" 
is  also  appropriate,  though  less  popular.  The  term  "spreading"  is  largely 
employed,  but  is  somewhat  indefinite,  as  it  does  not  indicate  the  extent  of  the 
spread,  which  may  be  slight  or  extensive.  In  connection  with  this  term,  we 
must  not  forget  that  peritonitis  is  frequently  a  conservative  process.  It  may 
be  Nature's  method  of  protecting  herself  from  a  local  septic  lesion.  A  perito- 
nitis may  spread  in  an  attempt  to  surround  this  lesion  by  adherent  structures, 
and  we  should  be  careful  not  to  regard  this  beneficial  measure  as  a  spreading 
septic  infection.  We  should  therefore  be  careful,  in  certain  cases,  not  to  handi- 
cap Nature  by  a  too  hasty  operation.  This  conservative  and  protective  attempt, 
however,  often  fails,  and  there  is  need  of  most  skilful  and  careful  observation 
in  order  to  decide  whether  or  not  it  is  to  be  successful. 

(1)  We  will  first  consider  those  cases  of  peritonitis  which  have  been  caused 
by  a  frank  and  free  perforation  of  one  of  the  hollow  viscera  (stomach  or  intestine). 
Under  these  conditions  a  steady  stream  of  septic  as  well  as  of  chemically  and 
mechanically  irritating  material  continues  to  flow  into  the  general  cavity  of  the 
peritoneum.  This  structure,  as  a  rule,  is  capable  of  absorbing  a  considerable 
amount  of  poison,  but  when  this  steady  stream  continues  to  issue  forth  through 
the  perforation  in  the  gastric  or  intestinal  wall,  its  localization  or  absorption 
cannot  be  expected  and  the  occurrence  of  such  a  fortunate  outcome  is  so  unusual 
that  its  possibility  should  be  entirely  ignored.  Immediate  operation  is  de- 
manded. The  general  principles  and  details  of  the  operation,  to  be  later  de- 
scribed, should  be  carried  out ;  but,  in  addition,  it  is  often  necessarj^,  and  always 
wise,  to  remove  by  irrigation  the  foreign  material  which  has  escaped  into  the 


508  AMERICAN  PRACTICE  OF  SURGERY. 

abdominal  cavity.  At  the  same  time  the  perforation  or  tear  must  be  appro- 
priately repaired. 

(2)  Appendicitis  is  by  far  the  most  frequent  cause  of  general  septic  peritonitis. 
It  is  accountable  for  about  eighty  per  cent  of  the  cases.  The  peritonitis  may  re- 
sult from  direct  extension  of  the  septic  inflammation  caused  by  the  diseased  ap- 
pendix, or  it  may  be  excited  by  infection  from  the  poisonous  material  which 
issues  from  a  perforation  in  its  wall. 

One  occasionally  encounters  cases  of  peritonitis  in  which  the  cause  cannot 
be  ascertained  prior  to  the  operation.  Generally,  however,  even  in  these  ob- 
scure cases,  there  is  some  symptom  or  other  which  directs  suspicion  to  a  definite 
organ.  If  there  be  an  absolute  lack  of  such  symptoms,  both  positive  and  neg- 
ative, it  is  generally  wise,  especially  if  the  patient  be  a  male,  to  make  a  pro- 
visional diagnosis  of  appendicitis.  According  to  the  doctrine  of  probabilities  this 
diagnosis  will,  in  most  cases,  prove  correct. 

Every  surgeon  of  large  experience  must  encounter  a  certain  number  of  mori- 
bund patients.  As  regards  acuteness  of  judgment  and  surgical  wisdom,  some 
communities  are  better  educated  than  others,  yet  in  every  locality  there  will 
always  be  found  timid  and  unwise  practitioners,  men  who  will  allow  their  pa- 
tients to  drift  on  and  on  toward  a  fatal  general  peritonitis.  This  negligence, 
however,  is  not  the  only  reason  why  desperate  cases  will  fall  into  the  surgeon's 
hands,  for  it  is  not  an  unusual  thing  to  see  a  fulminating  peritonitis  blaze  up 
almost  without  warning, — a  case  that  is  hopeless  from  the  first.  In  many  of 
these  semi-moribund  cases  it  is  a  difficult  task  for  the  surgeon  to  decide 
whether  or  not  operation  be  indicated  or  justified.  In  some  of  them  it  is  cer- 
tain that  an  operation  should  not  even  be  considered,  for  it  will  be  worse  than 
useless  and  will  only  bring  discredit  on  surgery. 

It  is  needless  to  describe  the  appearance  of  a  dying  man.  The  young  sur- 
geon, however,  who  has  not  yet  seen  many  patients  in  this  state,  should  not 
be  deceived  by  the  mental  alertness  which  they  sometimes  manifest.  The  pulse 
may  be  imperceptible  at  the  wrist,  the  extremities  cold  and  blue,  and  yet  the 
patient  may  be  bright  and  talkative  up  to  the  very  moment  of  his  death.  The 
excessive  anxiety  of  expression  is,  however,  generally  very  noticeable.  The 
difficulty  of  deciding  is  even  greater  when  we  encounter  patients  who,  though 
desperately  ill,  are  yet  not  in  such  a  deplorable  condition  as  to  exclude  all  chances 
for  recovery  if  they  are  subjected  to  a  prompt  and  rapidly  completed  operation. 
There  is  the  possibility  always  that  the  patient,  especially  if  he  be  below  middle 
age,  may  be  rescued  from  the  very  jaws  of  death.  He  should  not  be  deprived 
of  this  chance,  faint  as  it  is.  It  is  not  easy  to  describe  in  words  the  signs  and 
appearances  which  make  the  case  hopeless  and  contra-indicate  operative  in- 
terference. If  the  vomiting  be  excessive  and  profuse,  the  countenance  dusky, 
the  finger-nails  blue,  the  pulse  150  and  almost  imperceptible,  it  is  generally 
wiser  to  abstain  from  operation,  especially  if  the  patient  has  passed  his  thirty- 
fifth  year.  But  if  the  patient  be  a  child  or  a  healthy  young  adult,  there  may 
be — even  under  such  desperate  circumstances — a  possibility  of  recovery  should 
an  operation  be  performed.     The  contra-indications   are   even   stronger  if  the 
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iniiul  is  coiifusccl  and  dull.  This  is  ai)t  to  indicate  profound  septic  or  uremic 
poisoning,  and  renders  the  prognosis  hopeless. 

The  arriving  at  a  decision  is  ])erhaps  less  difficult  when  the  condition  of 
tlie  i)atient  appears  less  desperate,  when  the  i)ulse,  though  perhaps  130  to  140,  is 
yet  distinctly  felt  at  the  wrist,  and  when  the  sluggishness  of  the  circulation  is 
less  marked.  In  all  these  eases  it  is  understood,  of  course,  that  the  other  sj'mp- 
toms  (vomiting,  distention,  etc.)  are  typical  of  a  general  peritonitis.  The  point 
of  the  greatest  importance,  in  reaching  a  conclusion,  is  perhaps  the  age  and  nat- 
ural constitutional  resistance  of  the  patient.  While  it  is  not  true  that  nearly 
every  youthful  person  will  recover  and  nearly  every  old  person  die,  if  operated 
upon  for  peritonitis,  irrespective  of  the  t3'pe  of  operation  perfomied,  yet  this 
strong  statement  contains  a  certain  kernel  of  truth.  The  prognosis  of  elderly 
patients  with  these  alarming  symptoms  is  exceedingly  bad,  and  is  practically 
hopeless  if  they  have  led  dissipated  lives.  The  young  and  previously  healthy 
patient,  who  has  led  a  moral  life,  has  always  some  chance  for  recovery.  There 
is  no  other  disease  in  which  youth  counts  for  so  much  in  its  influence  upon  a 
favorable  prognosis.  It  is  always  well  to  be  perfectly  frank  with  the  patient's 
friends,  and  to  allow  them  to  share  in  the  responsibilit}'  of  electing  or  reject- 
ing operation.  Some  families  prefer  to  take  the  chance  of  an  operation, 
even  if  it  is  not  better  than  one  in  one  hundred,  while  others  would,  under 
the  same  circumstances,  decline  to  take  the  risk.  It  is  justifiable,  even  when 
we  know  that  the  risk  is  very  great,  to  advise  operation  in  a  case  in  which  the 
outlook  is  otherwise  absolutely  hopeless.  TVTien,  through  an  intestinal  perfora- 
tion, septic  material  continues  to  pour,  we  must  conclude  that  operation  affords 
the  only  possible  chance  of  recovery.  It  is  easier  under  these  circumstances, 
even  in  the  most  desperate  cases,  to  recommend  operative  interference.  Where, 
however,  appendicitis  is  the  cause,  the  sepsis  factoiy  may  not  be  so  active, 
and  may  at  any  time  ''close  do^Mi'' ;  in  other  words,  the  case  cannot  be  judged 
as  absolutely  hopeless.  Under  such  conditions,  therefore,  we  are  not  always 
warranted  in  taking  such  very  great  risks.  It  is  the  surgeon's  duty  to  advise 
operation  if  there  be  the  slightest  chance  for  recovery.  He  must  not  take  his 
reputation  into  consideration,  nor  shrink  from  the  possible  criticism  which  may  be 
directed  against  him  for  ''cutting  up"  a  dying  man.  His  first  duty  is  toward 
his  patient;  he  must,  however,  protect  himself  by  a  frank  statement,  to  the 
friends,  of  the  extreme  gra\'ity  of  the  operation.  Fortunately,  within  the  last 
few  years,  the  medical  profession  have  become  more  alert  in  their  recognition 
of  symptoms  which  are  suspicious  of  peritonitis,  and  are  more  ready  to  call  for 
the  services  of  a  surgeon.  The  public,  at  least,  now  recognize  that  appendicitis 
and  kindred  diseases  demand  the  opinion  of  a  surgeon.  As  a  consequence,  fewer 
moribund  cases  are  thrown  into  our  hands. 

All  cases  of  septic  peritonitis  are,  however,  veiy  serious,  and  we  must  ex- 
]3ect  that  many  a  desperately  ill  man  will  still  demand  our  attention.  When 
our  opinion  is  sought  for  a  patient  who  is  in  the  primary  stage  of  a  general  septic 
peritonitis  (due  to  appendicitis),  what  plan  of  treatment  shall  we  ad\ase?  Shall 
it  be  operation  or  the  so-called  Ochsner  method?    A  categorical  answer  cannot 
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be  given  to  this  question.  The  great  majority  of  surgeons,  however,  would  rec- 
ommend immediate  operation  in  all  such  cases.  There  can  be  no  question  but 
that,  for  children  or  young  adults,  this  should  be  an  almost  invariable  rule. 
When,  however,  the  patient  is  an  elderly  or  broken-down  individual,  there  is 
room  for  difference  of  opinion.  The  danger  of  an  operation  is  very  great.  A 
considerable  proportion  of  these  patients  can  be  safely  carried  along,  by  the 
adoption  of  the  Ochsner  method  of  treatment,  until  the  process  localizes  itself, 
and  then  a  less  dangerous  operation  can  be  performed.  Unfortunately,  this 
happy  result  does  not  always  follow,  and  when  the  peritonitis  continues  to  ad- 
vance, we  may  then  regret  that  the  non-operative  plan  was  selected. 

It  is  of  the  utmost  importance  that  we  should  recognize  that,  in  certain  pa- 
tients, at  the  very  commencement  of  their  peritonitis,  their  resistance  may  not 
be  as  great  as  it  will  be  after  the  expiration  of  a  few  hours,  the  fighting  qualities 
having  been  more  or  less  overwhelmed  by  the  sudden  attack  of  the  sepsis. 
The  local  conditions  are  unfavorable  for  an  immediate  operation.  The  intes- 
tines are  markedly  distended  and  paretic.  The  heart  is  much  depressed  by  the 
suddenness  of  the  blood  infection.  In  a  few  hours  both  these  conditions  may  have 
improved.  The  intestines  will  probably  partially  recover  their  tone,  the  leuco- 
cjd^es  will  increase  rapidly  in  number,  and  the  phagocytes  will  be  better  prepared 
to  carry  on  the  fight.  A  delay  of  a  few  hours  is  therefore  sometimes  of  advan- 
tage. The  surgeon  must  wait,  however,  knife  in  hand,  ready  to  interfere  at  a 
moment's  notice,  should  the  patient  fail  to  show  signs  of  gain  in  his  powers  of 
resistance. 

When  a  patient  is  brought  to  us  in  the  more  advanced  stage  of  general  peri- 
tonitis,— say,  on  the  second  or  third  day  of  the  disease, — what  plan  of  treatment 
shall  we  advise?  The  arriving  at  a  decision  is  now  more  diflficult.  The  chances 
of  recovery  under  any  plan  of  treatment  are  slight.  Operation  will,  however, 
in  the  average  case,  probably  give  a  slightly  better  chance  for  recovery  than  will 
the  adoption  of  the  Ochsner  method.  Much  depends  on  the  age  and  natural 
resistance  of  the  patient.  In  reaching  a  decision  all  the  personal  and  social 
features  of  the  case  should  be  taken  into  consideration.  The  weight  of  surgical 
opinion,  however,  rather  favors  operation.  And  yet,  an  intelligent  minority  of 
surgeons  would  doubtless  prefer  treatment  by  the  Ochsner  method. 

(3)  The  type  of  peritonitis  which  owes  its  development  to  the  other  causes 
mentioned  above  is  very  similar  to  the  two  types  already  described.  The  in- 
dications for  treatment  are  also  similar,  and  the  choice  of  method  will  somewhat 
depend  on  the  quantity  and  quality  of  the  septic  material  which  is  escaping 
into  and  infecting  the  peritoneal  cavity. 

Ante-Operative  Preparation  of  the  Patient.— The  ante-operative  prepara- 
tion of  the  patient  who  is  suffering  from  general  septic  peritonitis  is  not  of  so 
much  importance  as  it  is  in  laparotomies  which  are  performed  for  the  relief  of 
other  conditions.  He  should  not  be  disturbed  by  elaborate  preparations,  either 
local  or  general.  His  entire  vitality  should  be  preserved  in  order  that  he  may 
stand  the  shock  of  the  operation,  and  that  he  may  make  a  strong  fight  against 
the  sepsis  from  which  he  already  suffers.     He  must  not  be  annoyed  by  measures 
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which  will  caui^t'  cither  physical  or  mental  irritation.  Such  measures  are  some- 
times enforced  simply  because  it  is  the  rule  of  the  institution  or  of  the  surgeon.* 
These  patients  are  in  a  desperately  weak  condition,  and  it  is  of  especial  im- 
portance that  they  be  not  disturbed  by  the  fussing  over  trifles  which,  perhaps 
for  a  strong  patient,  may  be  quite  hamiless,  though  annoying,  but  which,  for 
this  class  of  patient,  may  be  absolutely  dangerous.  It  is  difficult  to  enunciate 
definite  rules  for  the  preparation  of  these  patients.  Every  operator  is  apt  to 
have  his  own  methods.  The  state  of  the  gastro-intestinal  tract  and  the  force  of 
the  heart  arc  the  conditions  which  demand  the  most  attention.  As  regards  the 
stomach,  it  is  of  coui-se  important  that  it  be  as  empty  as  possible.  If.  however, 
it  appears  to  be  comparatively  c^uiet  and  not  ovei-filled  ^-ith  fluid,  it  is  better 
that  it  should  not  be  disturbed.  If,  on  the  other  hand,  it  is  filled  with,  fluid 
which  is  generally  of  a  sjiinach-green  or  dark-brown  color,  or  of  the  character 
of  coffee  grounds,  it  is  generally  wise  to  employ  lavage,  either  before  the  anaes- 
thestic  is  administered  or  before  an^esthetization  has  been  carried  to  the  full 
surgical  degree.  In  a  case  of  peritonitis  in  which  there  is  profuse  vomiting,  it 
is  never  wise  to  empio}-  la^•age  when  the  patient  is  fulh'  under  the  influence  of  the 
anaesthetic,  as  there  is  always  danger  that  the  substances  vomited  may  enter 
the  trachea  and  pass  downward  into  the  lungs.  This  is.  indeed,  one  of  the  calam- 
ities which  may  happen  during  the  operation  itself,  when  the  patient  is  pouring 
out  large  Cjuantities  of  dark-colored  fluid.  If  the  reflexes  be  totally  abohshed. 
the  danger  of  self-drowning  is  considerable.  A  great  responsibility  rests  on  the 
anaesthetist.  Death  on  the  table  has  occurred  more  than  once  from  this  cause. 
Lavage  during  the  progress  of  the  operation  may  be  necessary  because  the  con- 
stant flooding  of  the  mouth  and  phaiynx  prevents  the  proper  administration 
of  the  anaesthetic  and  imperils  the  life  of  the  patient  by  the  immediate  risk  of 
drowning  and  also  liy  the  later  danger  of  inspiration  pneumonia. 

As  regards  the  intestinal  tract,  it  may  be  said  that,  if  any  doubt  exists  as  to 
the  generalization  of  the  peritonitis,  a  cleansing  enema  should  not  be  given,  for 
its  effect  will  be  still  further  to  spread  the  infection.  On  the  other  hand,  it 
must  be  admitted  that  the  effect  of  such  a  lavage  will  in  some  measure  be  bene- 
ficial in  relicNing  the  intestinal  distention,  but  this  advantage  is  more  than  offset 
by  the  greater  danger  of  the  extension  of  the  peritonitis.  Should  the  peritonitis 
be  general,  this  danger  need  not  be  feared,  and  the  administration  of  such  an 
enema  immediately  prior  to  the  operation  is  often  of  advantage.  Possibly  the 
fluid  injected  wiU  not  be  expelled;  but,  even  if  such  failure  result,  no  harm  will 
follow,  for  after  a  temporary*  discomfort  the  water  quickly  passes  into  the  blood- 
vessels, which  iisiiall}'  have  been  sadly  depleted  by  the  vomiting. 

It  is  generally  wise  to  omit  skin  preparation  until  the  patient  it  at  least 
partially  anaesthetized.  Some  patients,  however,  will  not  be  disturbed  by  shav- 
ing and  the  application  of  a  green-soap  poultice.  If  this  can  be  accomplished  it 
wiU  be  of  advantage,  for,  after  anaesthesia  is  complete,  not  an  extra  moment 
should  be  consumed  with  skin  preparation. 

*The  enforcement  of  general  rules  for  the  preparation  of  patients,  while  perhaps  necessary' 
in  large  institutions,  is  often  disastrous  to  the  comfort  of  the  patients. 
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The  Administration  of  an  Anaesthetic. — The  anaesthetist  is  of  more  importance 
than  the  ana?sthetic.  Ether,  if  administered  by  an  inexperienced  man,  is  more 
dantjerous  than  chloroform  when  given  by  an  expert.  The  latter  aniesthetic, 
however,  should  never  be  employed  unless  a  skilled  anjcsthetist  can  be  secured. 
Under  ordinary  circumstances  ether  is  the  safer  reagent,  and  it  should  be  ad- 
ministered by  the  so-called  "open  method."  As  a  rule,  the  circulation  is  poor, 
and  the  preliminary  use  of  nitrous  oxide  gas,  unless  it  be  administered  conjointly 
with  oxygen,  is  a])t  to  increase  its  sluggishness.  Sometimes  the  preliminary  use 
of  chloroform,  until  the  reflexes  are  abolished,  is  of  advantage.  Whatever  be 
the  ana?sthetic  chosen,  the  duration  of  its  administration  should  be  as  short,  and 
the  degree  of  anaesthesia  as  light,  as  possible.  Spinal  anaesthesia  is  but  rarely 
indicated.  Its  depressing  effect  on  the  heart  is  greater  than  is  that  of  a  general 
anaesthetic  skilfully  administered.  In  the  case  of  some  patients,  local  anaesthesia 
may  be  advisable,  but  its  disturbing  mental  effect  and  the  depressing  influences 
of  most  of  the  drugs  used  for  this  purpose,  should  not  be  forgotten. 

Operative  Technique. — Rapidity  and  gentleness  are  the  two  important 
qualities  of  the  successful  operator,  but  they  are  of  even  more  essential  import- 
ance when  the  laparotomy  is  performed  for  peritonitis.  In  operations  of  this 
character,  the  slow  or  rough  operator  cannot  expect  favorable  results.  His 
mortality  will  be  much  greater  than  is  that  of  the  surgeon  who  works  rapidly  and 
handles  the  intestinal  coils  wnth  delicacy.  A'ery  few  of  these  patients  will  suc- 
cessfully withstand  an  operative  period  of  more  than  thirty  minutes;  indeed, 
any  laparotomy  for  peritonitis  should  be  completed  well  within  this  half-hour 
period.  Too  much  attention  cannot  be  given  to  these  features  of  the  operation. 
Many  a  surgeon  wonders  w^hy  his  results  are  inferior  to  those  of  other  operators. 
He  does  well  to  wonder,  for  the  explanation  may  sometimes  be  his  cumbersome 
and  clumsy  technique.  An  operation  is  often  prolonged  many  minutes  because 
of  lack  of  complete  preparation  of  all  the  necessary  paraphernalia.  Everything 
should  be  ready  for  immediate  use.  The  failure  to  sterilize  some  instrument  or 
to  provide  solutions  at  the  proper  temperature  may  mean  a  delay  of  several 
minutes.  Such  delay  may  turn  the  scale.  The  wTong  suture  material  or  the 
awkward  needle  may  mean  aggravation  of  the  surgeon  and  perhaps  less  perfect 
technique.  Improper  temperature  of  the  solutions  may  increase  traumatism  or 
induce  shock.  Poor  assistance  on  the  part  of  surgeons  or  nurse  may  cause  un- 
warrantable delay.  Because  of  the  great  importance  of  such  complete  prepara- 
tion, the  surgeon  himself  or  an  experienced  assistant  should  critically  examine 
the  entire  operative  outfit  before  the  patient  is  placed  upon  the  operating  table. 
For  this  purpose,  two  pairs  of  eyes  are  better  than  one.  Surgeons  are  apt  to  have 
their  own  peculiarities  as  regards  instruments,  sutures,  sponges,  compresses, 
etc.  Every  operator  will  work  better  with  his  own  assistants  and  with  his  own 
tools  than  with  those  of  another.  It  is  M-ell,  therefore,  for  the  operator  to  be 
personally  certain  that  instruments  which  are  satisfactory  to  himself,  are  at 
hand  and  ready  for  immediate  use.  It  may  be  thought  that  excessive  import- 
ance is  being  given  to  these  details,  but  they  are  really  the  most  important  part 
of  the  entire  operative  procedure.     No  other  details  will  so  influence  results. 
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Operators  who  employ  radically  different  methods  will  often  obtain  results  that 
are  almost  equally  favorable,  but,  on  investigation  of  their  technique,  it  will  be 
generally  found  that  these  men,  besides  being  gentle  in  their  manipulations, 
complete  the  operation  rapidly,  mainly  because  of  thorough  preparation  and 
well-trained  assistants. 

The  Incisian. — The  incision  should  be  of  such  length  that  the  surgeon  may 
quickly  and  properly  remove  the  cause  of  the  peritonitis.  A  length  of  from  7 
to  12  cm.  (3  to  5  inches)  generally  suffices  for  this  purpose.  If  this  length  does 
not  afford  ample  approach,  the  incision  can  easily  be  made  longer  in  a  few  seconds. 
In  operations  for  desperate  conditions,  the  future  strength  of  the  abdominal  wall 
is  of  comparatively  minor  importance,  but  the  surgeon's  endeavor  should  al- 
ways be  to  avoid  unnecessary  damage  to  any  part  of  man's  anatomy.  The  pos- 
sibility of  future  hernia  should  always  be  borne  in  mind,  as  some  form  of  inter- 
muscular incision  will  often  prove  as  efficient  as  one  which  passes  directly  through 
the  abdominal  muscles.  The  McBurney  gridiron  incision  will  sometimes  afford 
sufficient  space  for  the  necessary  manipulations,  especially  if  the  operator  be 
accustomed  to  work  through  a  small  incision.  More  frequently,  however,  a 
larger  opening  is  needed,  and  this  can  easily  be  pro^'ided  by  extending  the  Mc- 
Bumey  incision  by  means  of  a  transverse  (Lennander)  or  a  vertical  (Weir)  cut 
through  the  anterior  sheath  of  the  rectus  muscle,  which  is  then  retracted  in- 
ward toward  the  median  line.  The  Kammerer  (or  Battle)  incision  is  most 
satisfactory,  though  perhaps  it  is  not  so  well  suited  for  the  purpose  of  drainage. 
Probably,  however,  the  incision  which  is  best  suited  for  the  majority  of  opera- 
toi*s  is  a  vertical  one  directly  over  the  right  rectus,  with  vertical  separation  of 
its  fibres.  Another  excellent  incision  which  is  much  employed,  is  one  along 
the  outer  border  of  the  right  rectus  muscle.  This  has  the  advantage  of  gi^ing 
abundance  of  room  for  any  intra-abdominal  work,  but  it  is  somewhat  more  likely 
to  be  followed  by  hernia.  If  the  incision  employed  be  the  oblique  one,  directly 
through  all  the  abdominal  muscles,  the  chances  for  future  hernia  are  great.  The 
position  of  the  incision  should  necessarily  xavy  according  to  the  location  of  the 
original  lesion.  An  area  should  be  selected  which  will  give  the  readiest  access 
to  the  lesion.  Its  adaptability  for  purposes  of  drainage  should  also  be  considered, 
but  this  feature  is  not  of  so  much  importance  because  a  counter-opening  can  al- 
ways be  made  for  this  purpose.  The  lesion  is  most  frequently  to  be  found  in 
the  right  half  of  the  abdominal  ca^'ity — as,  for  example,  a  perforated  appendix 
or  Meckel's  diverticulum,  a  gastricj  duodenal,  or  typhoid  ulcer,  a  gangrenous 
gall-bladder,  a  pancreatitis,  a  right-sided  pyosalpinx,  etc.  In  all  of  these  con- 
ditions a  vertical  incision  through  the  right  rectus  muscle  will  afford  easy  access 
to  the  lesion.  Indeed,  in  cases  of  doubt,  but  where  the  right  side  is  suspected, 
this  incision  is  probably  the  most  satisfactory.  It  will  not,  of  couree,  reach  such 
lesions  as  a  perforated  diverticulum  of  the  colon,  an  abscess  of  the  spleen,  or  even, 
perhaps,  a  perforating  ulcer  of  the  carchac  end  of  the  stomach,  but  all  of  these  are 
unusual  conditions  which  could  not  be  reached  by  even  a  median  incision.  If,  in 
a  case  in  which  the  cause  of  the  peritonitis  is  unknown,  there  be  no  signs  point- 
ing to  a  left-sided  lesion,  one  of  the  incisions  through  the  right  rectus  should  gen- 
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erally  be  selected,  as  there  are  about  ten  chances  to  one  that  the  lesion  will  be 
found  to  the  right  of  the  median  line.  Wherever  the  original  incision  be  situated, 
a  secondary  opening  may  be  found  necessary,  either  for  readier  access  to  the 
lesion  or  for  purposes  of  drainage.  Uncertainty  as  to  the  nature  and  posi- 
tion of  the  original  lesion  is  not  at  all  uncommon.  Under  these  circumstances, 
the  original  incision  should  be  as  short  as  possible,  as  it  can  afterward  be  length- 
ened upward  or  downward  according  to  the  situation  of  the  lesion,  and  thus 
unnecessary  cutting  of  the  abdominal  wall  may  be  avoided. 

The  incision  should  be  made  quickly  down  to  the  peritoneum.  This  struc- 
ture, however,  should  be  divided  most  carefully,  as  there  is  always  risk  of  injur- 
ing the  distended  intestines  which  are  in  close  approximation  or  even  slightly 
adherent  to  this  structure.  It  is  useless  in  these  operations  to  protect  the  edges 
of  the  wound  from  skin  contamination  by  means  of  layers  of  gauze.  As  soon  as 
the  peritoneum  has  been  divided,  fluid,  which  may  be  either  turbid  serum  or  pus, 
escapes.  It  merely  flows  out  and  does  not  issue  in  a  spurt  as  it  is  apt  to  do 
when  a  localized  abscess  has  been  opened.  The  intestines,  usually  much  con- 
gested and  distended,  are  then  apt  to  crowd  themselves  out  of  the  wound.  They 
must  be  gently  restrained  by  gloved  fingers,  rubber  protective,  or  moist  pads  of 
gauze.  While  they  are  thus  protected  and  held  aside,  search  is  made  for  the 
cause  of  the  peritonitis;  and  in  this  search  both  the  sense  of  sight  and  that  of 
touch  are  employed.  Usually  some  definite  organ  is  at  least  suspected,  and 
should  be  at  once  sought  out  and  examined.  If  the  lesion  involves  the  stomach 
or  the  intestine,  the  unhealthy  portion  should  be  brought  out  of  the  wound  and 
rapidly  repaired.  If  it  be  located  in  an  organ  v/hich  cannot  be  brought  to  the 
surface,  it  should  be  so  isolated  by  gauze  that  the  necessary  manipulations  can  be 
safely  made.  While  this  is  being  accomplished,  the  intestines  are  generally 
troublesome,  crowding  themselves  into  the  operative  field  and — if  deep  suturing 
is  used — causing  embarrassment  to  the  operator.  They  should  be  carefully 
restrained  and  protected  by  moist  gauze  pads  held  in  place,  perhaps,  by  broad 
retractors.  Sheets  of  rubber  protective  are  even  less  injurious.  It  is  of  the 
greatest  importance  to  avoid  damage  to  the  serous  coat  of  the  bowel.  Removal  of 
the  endothelial  cells  opens  up  new  avenues  to  infection.  While  these  details 
are  being  accomplished,  if  it  be  the  operator's  desire  to  employ  irrigation,  the 
nozzle  of  the  irrigating  tube  should  be  introduced  as  soon  as  the  decision  that 
irrigation  is  desirable  has  been  reached.  Many  valuable  minutes  can  thus  be 
saved.  During  all  this  time  it  is  of  the  greatest  importance  that  the  intestines 
be  carefully  protected  from  injury,  as  little  exposed  to  the  air  as  possible,  and 
kept  warm  and  moist.  Mere  contact  of  the  intestinal  wall  with  gauze,  if  dry, 
will  produce  a  slight  irritation,  and  for  this  reason  the  gauze  pads  should  be  as 
gently  applied  and  as  scantily  employed  as  is  possible.  Patches  or  plaques  of 
lymph  (fibrin)  are  frequently  seen  scattered  over  and  adherent  to  the  intestinal 
coils.  It  is  often  a  temptation  to  pick  them  off  the  wall  of  the  bowel,  but  this 
should  not  be  done,  because  the  result  would  be  a  raw  surface,  and  a  new 
area  exposed  to  infection. 

The  Type  of  Operation  Employed. — The  general  type  of  operation,  which  in 
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this  year  of  1909  is  generally  adopted,  is  a  gradual  development  from  the  various 
methods  that  havo  lx>en  practised  in  the  past.  It  has  been  reached  mainly 
through  the  principle  of  excluding  those  useless  and  burdensome  details  which 
experience  has  shown  to  be  not  only  unnecessary  but  also  dangerous.  Amer- 
ican surgeons  deserve  the  main  credit  for  the  development  of  this  modern  oper- 
ation. Our  technique,  however,  is  not  definitely  settled,  and  it  must  be  dis- 
tinctly undei-stood  that  no  one  method  is  suitable  for  all  cases.  As  to  some  of 
the  minor  details  of  the  operation,  there  are  still  radical  differences  of  opinion. 
In  a  general  way,  the  steps  of  the  operation  are  as  follows: — ^The  intestines  must 
be  handled  with  delicacy  and  kept  warm  and  moist.  Search  for  the  lesion  must 
be  conducted  cautiously  but  rapidly.  When  found,  it  must  be  suitably 
repaired  or  removed.  If  there  be  masses  or  quantities  of  foreign  material, 
irrigation  with  hot  salt  solution  should  be  employed  for  their  removal.  If  the 
fluid  be  turbid  serum  or  thin  pus,  irrigation  had  better  not  be  employed;  if 
it  consist  of  thick  and  foul  pus  the  advisability  of  irrigation  must  be  decided 
by  the  operator's  personal  judgment.  Each  separate  collection  of  pus  should 
be  opened  and,  if  necessary,  separately  drained.  Drainage,  in  the  shape  of  a 
small  tube  or  cigarette,  is  usually  advisable;  preference  being  given  to  the 
tube  if  the  pus  be  foul  and  thick  or  if  there  be  a  sloughing  area  far  from  the  ab- 
dominal wound.  In  the  absence  of  these  conditions  the  cigarette  will  usually 
suffice.  It  is  often  wdse  to  make  a  counter-opening  for  drainage,  either  in  the 
loin  or  (if  the  patient  be  a  female)  through  Douglas'  sac  into  the  vagina,  in  order 
that  pocketing  of  pus  in  these  regions  may  be  prevented.  The  wound  should  be 
partially  closed  by  sutures,  and  retention  sutures  (left  untied,  but  ready  to  be 
tied  later)  should  be  passed  through  the  abdominal  wall  close  to  the  point  where 
drainage  emerges.  If  the  patient  is  in  collapse  on  the  table,  a  venous  infusion 
of  1.000  c.c.  of  salt  solution  may  be  given.  It  would  be  simpler  to  com- 
mence proctoclysis  on  the  table,  but  unfortunately  it  is  apt  to  be  rejected  when 
the  patient  is  under  the  influence  of  the  anaesthetic.  It  should  be  at  once  begun, 
however,  when  the  patient  reaches  the  bed.  Whiskey  can  be  added  to  the 
solution.  The  patient  should  be  immediately  placed  in  Fowler's  position. 
Unless  the  patient  is  in  a  condition  of  grave  shock  drugs  should  not  be  employed. 
It  is  much  wiser  to  rely  on  hot  salt  solution  injected  into  a  vein  under  the  skin, 
or  via  the  rectum.  It  is  especially  unwise  to  whip  up  a  tired  heart  by  injections 
of  strychnine.  The  winning  post  is  still  far  off,  and  reserve  strength  is  needed 
for  the  ensuing  fight.  Much  harm  is  often  done  by  medication  on  the  table  or 
at  the  close  of  the  operation.  An  hour  or  two  later  the  demand  for  stimulation 
may  be  greater.  Should  proctoclysis,  however,  have  been  employed,  the  blood- 
vessels will  have  been  partially,  at  least,  supplied  with  fluid,  and  this  later  post- 
operative critical  period  will  then  not  be  so  apt  to  follow. 

Irrigation. — At  the  present  day  there  is  considerable  difference  of  opinion  con- 
cerning the  ad\dsability  of  employing  peritoneal  irrigation.  Surgeons  are,  per- 
haps, equally  divided  in  their  opinions  on  this  important  question.  The  modern 
tendency,  however,  seems  to  be  toward  omitting  this  step,  at  least  as  a  routine 
procedure.     Of  course,   in   certain  cases,   its  employment  must  evidently  be 
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beneficial,  as  when  thc^re  are  present  in  the  peritoneal  cavity  particles  of  foreit:;n 
material  or  irritating  liquids — as,  for  example,  partially  digested  food,  fecal 
matter,  masses  of  blood,  or  the  contents  of  an  abscess.  Under  such  circum- 
stances, removal  of  these  irritating  substances  is  indicated,  and  this  can  best  be 
accomplished  by  free  flushing  of  the  cavity  with  hot  salt  solution.  The  presence 
of  such  substances  is  most  deleterious,  and  all  arguments  as  to  the  danger  of 
spreading  the  infection  by  means  of  the  irrigating  fluid  must  be  ignored.  Such 
conditions  are  apt  to  follow  gastric  or  intestinal  perforations,  ruptured  pyosal- 
pinx  and  ovarian  cysts,  and  traumatic  lacerations  of  blood-vessels,  liver,  or  spleen. 
Under  these  circumstances  irrigation  is  distinctly  indicated. 

The  situation,  however,  is  very  different  when  there  has  been  no  such  escape 
of  foreign  material  into  the  peritoneal  cavity.  Its  own  exudate,  the  result  of 
the  septic  inflammation,  constitutes  then  the  only  abnormal  material  present. 
This  exudate  may  be  scanty,  as  in  "dry"  peritonitis,  or  it  may  consist  of  turbid 
serum  or  pus  more  or  less  abundant  in  quantity.  Two  important  questions 
then  present  themselves :  Is  it  beneficial  to  wash  away  as  much  of  this  secretion 
as  is  possible,  or  shall  we  allow  as  much  of  it  as  will  not  escape  of  its  own  accord 
through  the  wound,  to  remain  in  the  peritoneal  cavity?  In  this  latter  case, 
Nature  must  be  trusted  to  dispose  of  it  as  she  will.  These  are  questions  which 
at  present  are  engaging  the  attention  of  many  abdominal  surgeons.  The  path- 
ologists are  also  trying  to  aid  in  the  solution.  So  far,  the  answers  received  are 
by  no  means  satisfactory  to  all  surgeons,  and  as  a  consequence  there  are  radical 
differences  of  opinion.  Before  the  problem  is  solved,  one  must  first  learn  whether 
the  action  of  this  peritoneal  secretion  be  mainly  injurious  or  mainly  beneficial. 
If  a  satisfactory  conclusion  with  regard  to  this  point  could  be  reached,  the  indi- 
cations as  regards  drainage  would  be  clear. 

The  advantages  of  irrigation  are:  (1)  Efficient  removal  of  foreign  material — 
on  this  point  surgeons  are  practically  agreed;  (2)  the  safer  and  more  prompt 
elimination  of  the  bacteria  and  their  septic  products.  That  the  removal,  in  a 
large  measure,  of  the  peritoneal  exudate  can  thus  be  accomplished  is  self-evident. 
The  advocates  of  irrigation  claim  that  it  is  advantageous  to  remove  from  the 
abdomen  the  bulk  of  the  exudate,  and  that  also,  by  the  dilution  of  what  re- 
mains, the  osmotic  current  is  directed  away  from  the  peritoneal  cavity.  They 
maintain — and  experiments  in  a  measure  support  their  claim — that  fluids  are 
absorbed  from  the  peritoneal  cavity  by  osmosis,  rather  than  by  way  of  the  lym- 
phatics, and  that,  consequently,  less  burden  is  thrown  on  the  kidneys,  liver,  etc., 
if  the  concentration  of  the  peritoneal  fluid  be  reduced.  On  the  other  hand,  the 
opponents  of  irrigation  maintain,  in  the  first  place,  that  infection  is  more  widely 
disseminated  by  its  use,  and  that  bacteria  are  carried  in  profusion  into  regions 
where  formerly  their  growth  had  been  limited;  and,  in  the  second  place,  that 
irrigation  is  immediately  followed  by  a  severe  blood  infection,  the  bacteria  in 
the  blood-vessels  greatly  increasing  in  number  in  a  very  few  minutes.  This 
latter  point  seems  to  be  well-established,  and  it  accounts  for  many  cases  of  what 
was  formerly  called  ''secondary  shock" — a  condition  which,  as  we  now  know,  is 
caused  by  an  overpowering  toxaemia. 
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Vov  inirposes  of  irrifi'ation,  various  solutions  liaN'c  Ixtu  cnqjloyed.  Many  of 
tlirin  ha\('  possessed  irritant  as  well  as  antisrplic  (|ualiti('s.  All  have  practically 
Ih'cu  abaudoned.  just  as  has  been  the  case  in  othci'  branches  c  f  suriiory,  in  favor 
of  bland  solutions,  non-irritating,  and  rc'scnibling  blood  scrum  in  their  constitu- 
tion. Salt  solution,  in  physiological  strength,  has  been  \-er}-  generally  adopted. 
Ringer's  solution  has  also  been  employed,  because  of  its  supposedly  less  irritating 
qualities.  The  solution  should  have  a  temperature  slightly  above  blood  heat 
(102°  to  108°  F.).  It  should  be  delivered  from  the  nozzle  with  moderate  force, 
and  the  stream  should  be  fairly  large,  so  that  the  cleansing  process  may  be 
eti'ected  as  rapidly  and  as  thoroughly  as  possible.  As  a  matter  of  course  com- 
plete cleansing  is  impossible,  and  too  much  time  should  not  be  expended  on  this 
detail  of  the  operation.  Either  the  rubber  hose  itself  may  be  employed,  or 
there  may  be  attached  to  it  either  a  long  glass  nozzle,  perforated  with,  numerous 
openings,  or  one  of  the  double-current  irrigating  nozzles  devised  for  this  purpose. 
The  latter  nozzle  permits  both  an  entering  and  an  emerging  stream.  The  latter 
stream  should  wash  outward  toward  the  opening  in  the  abdominal  wall,  and  not 
away  from  it.  For  this  reason  the  entering  stream  should  first  be  delivered  as 
far  away  from  the  seat  of  the  lesion  as  is  possible  and  the  most  distant  areas 
should  be  first  made  clean.  It  is  especially  wise  to  cleanse  thoroughly  the 
flanks  and  the  spaces  below  the  diaphragm.  The  exudate,  through  the  action 
of  the  force  of  gravity,  is  apt  to  collect  in  the  loins.  The  under  surface  of  the 
diaphragm  absorbs  bacteria  with  great  rapidity,  and  this  is  the  most  dangerous 
region  in  the  abdominal  ca^'ity  in  which  to  allow  septic  material  to  collect.  Our 
endeavor,  therefore,  should  be  to  wash  away  from  this  region,  toward  the  pe.vis, 
especially  if  the  abdominal  incision  be  situated  below  the  umbilicus.  The 
pehis  is  at  the  other  end  of  the  scale  so  far  as  danger  of  absorption  is  concerned. 
It  is  better  able  to  take  care  of  septic  material  than  is  any  other  part  of  the  cavity. 
Should  the  incision  be  situated  above  the  umbilicus,  a  secondary  opening,  either 
in  the  loin  or  above  the  symphysis  pubis,  can  always  be  made  for  drainage.  The 
cleansing  should  be  as  thorough  as  the  limit  of  time  allows,  for  it  is  unwise  to 
consume  more  than  a  few  minutes  in  this  process.  If  the  irrigation  be  carried 
out  simultaneously  with  the  other  steps  of  the  operation,  l)ut  little  additional 
time  is  needed.  It  must  be  borne  in  mind  that  complete  cleansing  is 
impossible. 

The  beneficial  effect  of  the  hot  solution  is  at  once  felt,  and  the  heart  is  stim- 
ulated. The  extremities  become  warmer.  Some  of  the  fluid  is  at  once  absorbed 
into  the  blood-vessels,  and  the  beneficial  effect  is  shown  in  an  improved  circula- 
tion. As  a  rule,  replenishment  of  the  fluid  which  has  been  lost  through  vomit- 
ing is  badly  needed.  Further  to  supply  this  want  it  is  beneficial,  at  the  close 
of  the  operation,  to  allow  a  litre  or  more  of  the  solution  to  remain  in  the  peri- 
toneal cavity.  In  the  course  of  ten  or  fifteen  minutes  this  will  have  been 
absorbed.  The  stream  should  be  allowed  to  flow  until  the  sutures  have  been 
inserted  and  the  wound  is  ready  for  the  dressing.  By  conducting  the  process  in 
this  manner,  no  time  wdll  be  wasted,  the  peritoneal  surfaces  will  be  kept  moist, 
and  the  vessels  will  be  kept  supplied  with  artificial  serum.     The  argument  has 
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also  been  advanced  that  the  solution  which  remains  in  the  cavity  will  prevent  the 
adhesion  of  peritoneal  surfaces.     This  is  probably  fallacious  reasoning. 

Drainage. — Drainage  is  another  of  the  modern  problems  which  provokes 
discussion,  and  about  which  there  is  still  considerable  difference  of  opinion. 
Surgeons  are  not  by  any  means  in  agreement,  either  as  to  the  principles  or  as  to 
the  practice  of  drainage;  indeed,  their  views  are  often  radically  different.  In 
America,  at  least,  the  tendency  is  toward  less  and  less  drainage.  Many  of  the 
German  surgeons,  however,  still  cling  to  the  tamponade  of  gauze.  The  in- 
sertion of  bare  gauze  into  the  peritoneal  cavity,  unless  in  exceptional  cases, 
is  no  longer  popular  in  this  country,  and  is  now  but  rarely  employed.  Of 
course,  when  necrotic  tissue  remains,  or  when  a  sloughing  process  is  likely  to 
follow,  a  light  tamponade  of  gauze  is  often  necessary — as,  for  example,  when  the 
inflamed  appendix  has  not  been  removed.  A  few  operators  are  now  entirely 
omitting  peritoneal  drainage,  and  they  claim  that  no  disaster  has  followed. 
In  many  cases  this  may  be  a  safe  practice,  but  it  is  never  wise  to  conclude  that 
sloughing  or  suppuration  will  not  follow  in  the  neighborhood  of  the  septic  lesion, 
even  if  this  has  been  apparently  removed.  It  is  but  seldom  that  any  harm  can 
result  from  the  presence,  for  thirty-six  hours,  of  a  smooth  and  slender  drain,  and 
at  the  end  of  this  period  it  can  generally  be  determined  whether  or  not  its  further 
employment  is  necessar}^  It  is  therefore  unwise  entirely  to  omit  drainage,  and 
the  great  majority  of  surgeons  habitually  employ,  for  a  short  period  at  least, 
drainage  of  some  sort. 

Methods  of  drainage  differ.  As  a  rule,  drains  should  be  slender  and  their 
external  coats  smooth.  Multiple  drainage  from  several  openings  is  apt  to  be, 
not  only  useless,  but  also  injurious.  As  regards  drainage  material,  perforated 
mbber  tubes  (perhaps  split  longitudinally)  and  cigarette  drains  (a  strip  of 
gauze  or  lamp  wick  covered  throughout  its  entire  length  by  rubber  tissue)  are 
the  most  extensively  employed,  and  give  the  most  satisfactory  results.  These 
different  drains  should  not,  however,  be  indiscriminately  selected.  If  the  secre- 
tion consists  of  thin  fluid,  such  as  turbid  serum,  the  cigarette  drain  will  usually 
suffice.  It  should  generally  be  removed  from  the  peritoneal  cavity  at  the  end 
of  thirty-six  hours,  unless  the  discharge  in  the  mean  time  has  changed  into  thick 
pus.  The  abdominal  wall,  however,  should  usually  be  drained  for  a  day  or  two 
longer;  and  this  is  accomplished  either  by  not  completely  extracting  the  cigarette 
or  by  substituting  in  its  place  another  cigarette  or  a  strip  of  rubber  tissue  or  pro- 
tective. The  cigarette  drain  can  be  extracted  without  pain  provided  that  the  end 
of  the  gauze  has  not  projected  beyond  its  rubber  cover,  and  provided  no  dis- 
turbance of  the  intestinal  coils  accompanies  its  removal.  Instead  of  the  cigar- 
ette a  small  rubber  tube,  perhaps  split  longitudinally,  can  be  employed.  Some 
operators  consider  that  a  stout  strip  of  rubber  tissue  or  protective  may  be  sub- 
stituted and,  in  many  cases,  this  slight  form  of  drainage  seems  to  be  efficient 
as  well  as  sufficient.  The  inexperienced  surgeon,  however,  had  better  employ 
the  larger  drain.  A  large  personal  experience  is  needed  in  order  to  decide  wisely 
in  what  cases  drainage  can  be  safely  omitted.  In  cases  of  doubt,  it  is  always 
better  to  drain. 
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If,  however,  the  peritoneal  exudate  be  pus,  or  if  a  deep  foul  abscess  has  been 
opened,  a  soft-rubber  tube  is  the  best  form  of  drainage.  If  the  walls  of  the  ab- 
scess cavity  be  covered  with  necrotic  tissue,  a  strip  of  gauze  may  be  loosely 
l^acked  in  the  csLvity  and  its  end  brought  out  through  a  drainage  tube.  In  this 
manner  bare  gauze  will  not  rest  against  the  intestinal  coils  at  any  point,  but  will  be 
in  direct  contact  with  the  walls  of  the  sloughing  cavity.  The  strip  can  be  gradu- 
ally extracted,  a  piece  two  or  three  inches  long  being  drawn  out  on  the  third  and 
each  of  the  succeeding  days  up  to  the  sixth  or  seventh,  by  which  time  the  cavity 
will  have  cleared  up  and  further  drainage  will  no  longer  be  needed.  As  a  rule, 
plain  sterile  gauze  or  lampwick  is  best  for  this  purpose,  but,  if  circumstances 
point  to  the  probability  that  the  gauze  must  remain  undisturbed  for  several 
days,  iodoform  gauze  may  be  substituted.  Among  the  conditions  which  indi- 
cate the  impropriety  of  early  removal  of  gauze,  is  the  existence  of  a  foul  ab- 
scess located  at  some  distance  from  the  abdominal  wound.  Such  a  cavity  must 
probably  be  drained  for  many  days.  Early  removal  of  the  drainage  would 
probably  be  followed  by  the  so-called  pocketing  of  pus  and  the  formation  of  a 
local  deeply  situated  abscess,  the  recognition  and  localization  of  which  might 
be  very  difficult.  This  state  of  affairs  might  be  expected  to  follow  the  removal 
of  a  sloughing  appendix  from  Douglas'  cul-de-sac.  Removal  of  the  gauze  at 
an  earlier  period  than  the  third  or  fourth  day  would  be  unwise,  for  its  replace- 
ment, prior  to  the  formation  of  a  canal  with  uncollapsible  walls,  would  be  a  most 
hazardous  and  uncertain  procedure.  At  the  end  of  four  or  five  days,  however, 
the  drain  can  be  safely  removed  and  a  new  strip  of  gauze  or  a  tube  substituted. 

It  is  sometimes  wdse,  for  purposes  of  more  direct  drainage,  to  make  a  secondary 
opening — as,  for  example,  above  the  pubis,  posteriorly  in  the  loin,  or  through  the 
vaginal  vault.  Through  such  an  opening,  a  tube,  strip  of  gauze,  or  both  com- 
bined, may  pass  directly  into  the  infected  region.  In  patients  with  very  thick 
abdominal  walls  and  heavy  muscles,  it  is  at  times  of  advantage  to  employ  a  glass 
drainage  tube  (2  cm.  in  diameter).  Through  this  may  run  a  strip  of  gauze 
which  can  be  easily  replaced  when  it  becomes  foul.  It  has  been  asserted  that  a 
glass  tube  is  more  likely  than  one  of  rubber  to  cause  a  fecal  fistula.  It  is  doubt- 
ful, however,  whether  this  assertion  is  correct.  The  main  objection  to  a  drainage 
tube  of  any  kind  is  the  tendency,  which  it  apparently  has,  to  cause  ulceration  of 
the  wall  of  the  bowel  at  the  spot  against  which  it  rests.  This  results  eventually 
in  a  perforation,  wdth  a  fecal  fistula.  For  this  reason,  a  tube  should  never 
remain,  in  exactly  the  same  position,  longer  than  forty-eight  hours.  A  slight 
change  in  its  relationship,  effected  by  rotating  it  or  by  withdrawing  it  for  a  short 
distance,  will  largely  obviate  the  danger  of  its  producing  a  fecal  fistula.  A  tube 
split  longitudinally  is  also  less  likely  to  cause  ulceration.  The  formation  of  a 
perforation  is  sometimes  rightly  attributed  to  the  negligence  of  the  surgeon,  who 
has  permitted  the  employment  of  a  tube  the  end  or  the  side  openings  of  which  had 
not  been  properly  polished — such  rough  places  in  the  glass  are  always  a  source  of 
danger.  Care  should  be  taken  that  all  edges  be  made  as  smooth  and  rounded  as 
possible. 

Drainage  of  the  peritoneal  cavity  for  a  period  longer  than  thirty-six  or  forty- 
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eight  hours  is  rarely  practicable.  A  small  local  area  can  be  drained  almost 
indefinitely,  but  all  true  peritoneal  drainage  soon  ceases.  It  was  long  a  fallacy 
that,  because  abundant  purulent  secretion  would  continue  to  flow  from  the  drain 
for  days  or  \A'eeks,  the  presence  of  the  tube  was  necessary  to  carry  away  the  poi- 
sonous products  from  the  peritoneal  ca^^ty.  Under  this  impression  the  surgeon 
was  foiTQerly  in  the  habit  of  sucking  out  periodically,  with  a  syringe,  the  fluid 
which  had  collected  in  the  drainage  tube.  It  is  now  recognized  that  this  theory 
of  benefit  being  derived  from  prolonged  peritoneal  drainage  is  false.  The 
drain  is  a  foreign  body.  Its  presence  is  resented,  and  the  peritoneal  surfaces  in 
its  immediate  neighborhood  continue  to  secrete  fluid  in  abundance  simply  in 
order  to  wash  out  the  foreign  body.  Such  irritation  is  not  only  useless  but  harm- 
ful. It  is  a  purely  local  drainage,  the  tube  having  been,  by  adherent  peritoneal 
surfaces,  shut  completely  off  from  the  general  cavity.  It  is  unwise,  therefore, 
to  allow  a  peritoneal  drain  to  remain  longer  than  two  days,  for  it  has  a  decided 
tendency  to  cause  intestinal  stasis,  if  not  obstruction.  If,  however,  the  tube 
or  gauze  has  been  employed  for  the  drainage  of  a  sloughing  cavity,  its  presence 
is  needed  until  the  sloughing  process  has  ceased  and  the  reparative  process  has 
begun. 

Evisceration,  or  the  deliberate  removal  of  the  bulk  of  the  intestinal  coils  from 
the  abdominal  cavity  for  a  brief  time,  is  rarely  indicated.  Indeed,  all  efforts  should 
be  made  to  prevent  the  escape  of  the  intestines  from  their  cavity.  In  past  years, 
evisceration  was  often  employed  for  purposes  of  more  thorough  cleansing.  It 
was  then  thought  that  the  more  thorough  was  the  cleansing  of  the  peritoneal 
cavity,  the  better  were  the  chances  for  recovery.  With  this  object  in  view  even 
rubbing  the  peritoneal  surfaces  with  gauze  was  sometimes  practised.  This 
latter  procedure  is  distinctly  objectionable.  It  is  of  the  greatest  importance  that 
the  endothelial  covering  should  not  be  disturbed,  and  consequently  it  is  now 
generally  believed  that  there  should  be  as  little  handling  of  the  intestines  as 
possible.  Even  if  the  fingers  be  covered  with  rubber  gloves  all  manipulation 
should  be  as  gentle  as  possible.  Evisceration  undoubtedly  causes  shock.  Heat 
is  abstracted,  and  surfaces  become  more  or  less  dry  in  spite  of  protection  by  hot 
moist  towels,  etc.  The  intestinal  coils  are  much  distended  and  their  return  mto 
the  abdomen  is  accomplished  with  difficulty.  This  may  be  very  great,  demand- 
ing deeper  anaesthesia,  the  loss  of  many  precious  minutes,  and  much  handling. 
If  the  intestines  should  have  freely  escaped,  despite  our  best  efforts  to  restrain 
them,  this  troublesome  complication  may  face  us.  There  is  not  sufficient  room 
in  the  abdomen  for  these  distended  organs.  The  time  and  manipulations  needed 
for  their  replacement  will  greatly  increase  the  shock  of  the  operation.  To  avoid 
this  and  to  make  possible  an  easy  and  gentle  replacement  it  is  sometimes  nece.s- 
sary  to  make  a  small  incision  in  the  wall  of  the  ileum  and  allow  gas  and  intestinal 
contents  to  escape. 

Teiiiporary  Enterostomy. — An  opening  such  as  has  just  been  described,  made 
for  the  purpose  of  causing  the  collapse  of  the  distended  intestines,  is  termed 
a  temporarj^  enterostomy.  The  incision  should  be  made  parallel  to  the  long 
axis  of  the  bowel.    A  length  of  2  cm.  (|  inch)  is  generally  sufficient.     A  certain 
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amount  of  pis  aiul  luuch  Huid  will  at  once  escape.  The  inexperienced,  however, 
will  b(>  surprised  at  the  slight  amount  of  collapse  produced.  The  opening  will 
drain  the  contents  of  a  portion  of  bowel  not  much  longer  than  two  feet,  and  the 
distention  of  the  remaining  coils  will  be  unaffected.  In  order  to  empty  these  a 
milking  process  may  be  employed,  but  this  is  more  objectionable  and  less  effectual 
than  IMonk's  device  of  threading  the  intestines  over  a  stiff  tube  of  rubber,  glass, 
or  silvcn'.  Several  feet  of  bowel  can  thus  be  emptied.  Of  course,  in  these  manip- 
ulations, in  order  to  prevent  infection  from  th(>  escaping  gas  and  feces,  the  in- 
testinal coil  which  is  to  be  opened  must  be  well  drawn  out  of  the  wound  and  away 
from  the  other  coils,  which  must  be  thoroughly  protected  by  warm  moist  towels. 
The  patient  should  be  turned  on  the  side  toward  the  operator.  If  the  ileostomy 
be  made  merely  for  the  purpose  of  temporarily  emptying  the  bowel,  the  opening 
should  be  at  once  closed  by  a  row  of  Lembert  sutures  of  fine  silk.  After  the 
necessary  washing  has  been  done,  the  bowel  is  returned. 

It  may  be  deemed  best,  however,  to  make  a  permanent  enterostomy.  Some 
surgeons  have  great  faith  in  the  efficacy  of  one  or  more  such  openings.  The 
main  advantage  is  the  resulting  relief  of  the  enormous  intestinal  distention  which 
commonly  exists,  and  the  removal  of  the  decomposing  contents.  The  thoracic 
organs  are  relieved  from  pressure  and  intestinal  absorption  is  diminished.  If 
desired,  the  bowel  can  be  washed  out,  and  nutritive  fluids  poured  in  through  the 
intestinal  opening.  The  immediate  disadvantages  are  the  additional  time  neces- 
sary for  the  establishment  of  the  fistula  and  the  additional  wound,  with  the  in- 
creased traumatism.  The  later  risks  are  those  attending  any  intestinal  operation 
— accidents,  it  is  true,  but  occurrences,  nevertheless,  which  must  be  taken  into 
consideration;  and  then,  besides,  there  are  the  disagreeable  features  of  an  arti- 
ficial anus  and  the  additional  dressings  which  it  requires.  Of  equal  importance 
is  the  secondary  operation  for  closure  which  is  generally  necessary,  and  which 
often,  in  order  to  prevent  inanition,  must  be  performed  on  a  weak  patient.  If, 
however,  the  caecum  had  been  selected, — and  it  is  the  part  which  ordinarily  should 
be  selected  for  the  enterostomy, — this  danger  of  malnutrition  is  little  to  be  feared. 
Such  a  fistula  will  sometimes  close  spontaneously.  It  is  believed  'by  some 
surgeons,  how^ever,  that  through  an  opening  situated  so  low  down  the  small 
intestine  cannot  be  satisfactorily  emptied;  and,  to  secure  this  desirable  result, 
it  has  been  suggested  that  an  additional  opening  be  made  in  the  jejunum,  so 
that  effective  irrigation  may  be  practised.  Multiple  openings  have  even  been 
practised.  Except  under  most  unusual  circumstances,  more  than  one  enter- 
ostomy does  not  seem  justifiable,  and  this  should  be  made  in  the  caecum  or 
lower  ileum.  It  is  not  a  procedure,  however,  which  can  be  generally  recom- 
mended.    The  majority  of  surgeons  do  not  favor  its  employment. 

A  permanent  enterostomy  is  best  made  by  inserting  a  tube  into  the  intestinal 
opening.  Several  tubes  have  been  devised  for  this  purpose.  The  best  is  one  or 
other  of  the  variously  shaped  Mixter  tubes.  This  is  fastened  into  the  bowel  by 
means  of  a  purse-string  suture,  and  the  adjacent  surfaces  of  visceral  and  parietal 
peritoneum  are  united  by  sutures. 

The  injection  of  sulphate  of  magnesia  in  concentrated  solution  into  the  upper 
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part  of  the  small  intestine  by  means  of  a  hypodermic  needle  has  been  employed 
by  some  operators  with  apparent  benefit.  It  is  doubtful,  however,  whether  in 
the  ordinary  case  this  is  an  advisable  procedure. 

Multiple  drainage  openings  are,  as  a  rule,  inadvisable;  they  may,  however, 
be  required  in  cases  where  there  are  separate  individual  collections  of  pus. 
It  was  formerly  the  practice  of  some  surgeons  to  employ  such  openings  for  in- 
termittent or  continuous  peritoneal  irrigation.  This  is  a  dangerous  practice, 
however,  and  has  been  practically  abandoned. 

The  Ochsner  Method. — The  principles  on  which  this  method  is  based  were 
first  promulgated  by  A.  J.  Ochsner,  and  consequently  it  is  generally  known  as 
his  plan  of  treatment.  It  is  true  that,  for  some  time,  all  of  its  details  had  been 
in  more  or  less  general  use,  and  many  surgeons  were  independently  arriving  at 
somewhat  similar  conclusions;  but  Ochsner  deserves  all  credit  for  his  original 
combination  of  these  details  and  for  his  bold  advocacy  of  their  wide  range  of 
applicability.  When  first  introduced,  the  method  was  violently  assailed.  It 
was  met  by  a  storm  of  criticism,  and  extreme  positions  were  taken  on  each  side 
of  the  question.  Perhaps  extravagant  claims  were  made  by  its  enthusiastic 
advocates ;  but,  on  the  other  hand,  its  opponents  put  forward,  with  great  fervor, 
arguments  and  statistics  to  prove  that  the  method  was  most  dangerous,  and  that, 
if  it  were  generally  adopted,  the  mortality  of  appendicitis  would  be  greatly  in- 
creased. Many  of  its  opponents,  however,  do  not  seem  to  have  given  the  method 
a  fair  trial,  and  the  greatest  difference  of  opinion  still  exists,  as  regards  both  its 
real  value  and  its  range  of  applicability.  It  is  undoubtedly  a  measure  which  has 
worked  harm  as  well  as  good.  The  excellent  results  which  have  been  reported 
as  due  to  the  Ochsner  method  have  encouraged  timid  or  ignorant  practitioners 
to  postpone,  in  a  most  unjustifiable  manner,  needful  operations.  These  men 
have  entirely  misunderstood  Ochsner's  recommendations  as  to  the  range  of 
applicability  of  his  method.  Through  their  ignorance  or  obstinacy  they  have 
allowed  patients,  who  could  certainly  have  been  saved  by  an  early  operation,  to 
drift  into  a  state  which  is  practically  hopeless.  As  an  excuse  for  adopting  such  a 
course  they  point  to  the  excellent  results  which  have  been  secured  by  the  star- 
vation method.  It  seems  at  times  as  if  they  wilfully  twisted  Ochsner's  own 
expressions;  for  certainly  no  man  is  more  earnest  than  he  in  his  advocacy  of 
early  operation.  He  believes,  as  do  all  surgeons,  that  extension  of  the  infection 
can  be  prevented  by  early  removal  of  the  appendix.  This  is  true  as  long  as  the 
infection  is  confined  to  the  appendix.  When,  however,  it  has  spread  beyond 
the  limits  of  this  structure  and  has  involved  the  neighboring  peritoneum,  he 
advocates  delay  and  the  employment  of  his  method  of  treatment  until  the  m- 
fective  process  shall  have  located  itself  and  the  spreading  peritonitis  shall  have 
subsided. 

It  should  be  said,  on  the  other  hand,  that  the  influence  which  Ochsner's 
method  has  exerted  is  in  many  respects  beneficial.  Apart  from  their  direct 
bearing  on  the  individual  case,  the  results  of  the  practice  of  this  method  have 
distinctly  shown  that  many  a  case  of  peritonitis  can  be  saved  without  the  per- 
formance of  an  immediate  operation,  and  that,  if  this  be  delayed  for  some  hours 


SURGICAL  TREATMENT  OF  SEPTIC  PERITONITIS.  523 

or  even  daj's,  the  ])atient  may  he  placed  in  a  stronger  position  to  resist  the  fresh 
access  of  sepsis  which  is  so  apt  to  follow  every  septic  operation.  This  delay  will 
often  allow  the  blood  to  marshal  its  forces  into  better  battle  array,  and  will 
enable  the  intestines  to  recover  some  of  the  tone  which  has  been  temporarily, 
at  least,  weakened  by  the  blow  of  the  enemy.  The  pulse  will  become  fuller, 
the  abdominal  distention  will  become  less  marked,  and  the  whole  aspect  of  th(^ 
patient  will  improve.  The  demonstration  of  such  a  rally,  temporary  thougli  it 
may  be,  is  perhaps  the  best  evidence  of  the  benefits  which  have  been  derived 
from  the  practice  of  the  Ochsner  method.  The  lesson  thus  taught  is  gradually, 
though  far  too  slowly,  influencing  the  practitioner  to  abandon  the  employment 
of  cathartics,  and  to  trust  to  starvation.  Ochsner  thus  expresses  his  views: — 
"This  form  of  treatment  cannot  supplant  the  operative  treatment  of  acute 
appendicitis,  but  it  can  and  should  be  used  to  reduce  the  mortality  by  changing 
the  class  of  cases  in  which  the  mortality  is  greatest  into  another  class  in  which 
the  mortality  is  very  small  after  operation.  It  will  take  patients  who  are  sure  to 
die  in  the  hands  of  the  average  surgeon,  and  will  place  them  in  a  condition  in 
which  any  surgeon  with  reasonable  skill,  and  clean  hands,  can  make  a  safe  opera- 
tion." He  believes  that  the  distribution  and  extension  of  the  infection  are  ac- 
complished by  the  peristaltic  action  of  the  small  intestine;  and  the  inhibition 
of  this  movement  constitutes  the  most  important  detail  of  his  treatment.  He 
also  believes  that  the  spread  of  the  peritonitis  can  gradually  be  stopped,  and  that 
the  extensive  inflammation  which  already  exists  will  graduall}^  subside,  provided 
that  the  intestinal  peristalsis  can  be  arrested.  It  is  his  endeavor,  while  the 
diffuse  inflammation  is  gradually  subsiding,  to  confine  the  septic  process  to  the 
immediate  neighborhood  of  the  original  lesion.  He  claims  that,  in  the  great 
majority  of  cases,  it  is  possible  to  do  this.  As  a  rule,  at  the  later  date, — that  is, 
in  five  or  six  days, — the  local  abscess  must  be  opened  and  the  appendix  re- 
moved. The  operation,  under  these  circumstances,  is  comparatively  simple,  and 
the  risk  attending  it  is  very  trifling  in  comparison  wdth  the  risk  of  removing  the 
appendix  from  an  abdomen  whose  peritoneum  is  the  seat  of  a  diffuse  inflam- 
mation. It  is  especially  in  this  class  of  cases  that  the  operative  mortality  is  so 
great,  and  the  advocates  of  the  Ochsner  method  claim  that  its  adoption  in  the 
treatment  of  these  patients  has  saved  many  lives.  As  a  rule,  the  patient  does 
not  escape  without  abscess  formation,  but  occasionally  even  this  wall  be  absorbed, 
and  no  operation  will  be  needed.  There  seems  to  be  no  doubt  but  that  pus  can 
be  absorbed,  even  in  large  quantities,  by  the  peritoneum. 

The  two  important  features  of  the  method  are:  first,  absolute  starvation;  sec- 
ond, the  removal  from  the  small  intestine  of  all  particles  of  food  or  any  other  mate- 
rial which  might  produce  peristalsis.  The  administration  of  food  of  any  kind, 
or  of  cathartics,  should  be  absolutely  prohibited.  Even  tea,  broth,  or  acid  or  aro- 
matic drinks  of  any  kind  are  forbidden.  Vomiting,  in  order  to  rid  the  stomach 
and  intestines  of  irritating  contents,  is  encouraged.  No  attempt  should  be 
made  to  stop  the  emesis,  except,  perhaps,  by  the  employment  of  lavage.  Re- 
verse peristalsis  will  often  completely  empty  the  small  intestine.  Should  there 
be  persistent  nausea  or  gagging,  or  much  abdominal  distention,  gastric  lavage 
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should  be  employed.  It  should  be  repeated  at  intervals  until  the  stomach  and 
small  intestines  are  emptied.  Peristalsis  will  then  subside.  The  blood-vessels 
should  be  supplied  with  water.  Large  enemata  should,  however,  never  be 
employed.  They  are  most  dangerous,  because  of  their  excitation  of  peri- 
stalsis. Small  enemata  of  four  or  five  ounces  may  be  administered,  but  the  drop 
method  of  proctoclysis  is  distinctly  preferable.  The  chances  for  localization  of 
the  septic  process  and  subsidence  of  the  diffuse  inflammation  are  much  greater, 
if,  from  the  commencement  of  the  attack,  no  food  or  drugs  have  been  admin- 
istered.    Castor  oil  is  especially  prejudicial  to  a  happy  outcome. 

The  weakest  point  in  the  argument  in  favor  of  the  method  is  the  indefinite- 
ness  of  what  is  termed  the  early  stage  of  appendicitis.  The  boundary  line  be- 
tween this  stage  and  the  next  can  rarely  be  defined.  On  the  average,  the  early 
stage  terminates  at  the  end  of  the  first  thirty-six  hours,  but,  unfortunately,  there 
are  many  exceptions  to  any  such  rule,  and  the  early  stage  may  either  not  be 
recognized  or  be  only  of  a  few  hours'  duration.  Xo  surgeon,  even  he  with  the 
widest  experience  and  keenest  judgment,  can  determine  with  certainty  whether 
or  not  the  disease  is  limited  to  the  appendix. 

The  ^dews  as  to  the  relative  value  of  this  method  differ  so  widely  that  it  is 
not  easy  to  express  any  definite  opinion.  The  surgeon  of  experience  must  rely 
on  his  own  observations.  The  tyro,  however,  is  lacking  in  personal  experience, 
and  he  must  therefore  be  guided  by  what  he  has  seen  and  read.  He  should  be 
familiar  with  both  sides  of  the  question.  When  the  applicability  of  the  method 
for  advanced  cases  of  appendicitis  and  for  diffuse  peritonitis  was  first  urged  by 
Ochsner,  the  mortality  of  these  operations  was  very  great — for  the  appendicitis 
cases,  fifteen  per  cent;  for  the  peritonitis  cases,  from  forty  to  fifty  per  cent, 
although  some  operators  reported  a  much  smaller  mortality.  There  can  be 
little  doubt  but  that,  up  to  the  year  1902,  Ochsner's  treatment  of  these  cases 
was  more  successful  in  saving  life  than  was  operation.  In  the  last  three  or  four 
years,  however,  the  mortality  of  operation  has  been  gradually  decreasing,  and 
at  the  present  day  it  is  not  greater  than  eight  or  ten  per  cent  for  the  grave  class  of 
appendicitis  cases  and  perhaps  ten  or  fifteen  per  cent  for  those  of  peritonitis. 
Far  better  results  than  this  have  been  reported,  but  these  figures  represent  ap- 
proximately the  death-rate  of  the  average  surgeon.  The  arguments,  therefore, 
for  the  adoption  of  the  Ochsner  method  are  less  forcible  at  the  present  day  than 
they  were  eight  or  ten  years  ago.  It  is  doubtful  whether  its  general  adoption  will 
give  as  good  results  as  will  operation  when  perfomied  by  a  skilful  surgeon.  When 
the  services,  however,  of  a  clever  surgeon  cannot  be  obtained,  its  employment 
is  probably  preferable  to  a  bungling  operation.  There  exist  good  reasons  why 
the  method  should  be  adopted  in  certain  selected  cases.  "\ATiat  is  this  type  of 
case  in  which  its  adoption,  if  not  absolutely  indicated,  should  at  least  be  con- 
sidered? The  most  important  is  the  elderly  patient  with  grave  symptoms. 
The  mortality  attending  immediate  operation  on  this  class  of  patient  is  great, 
and  if,  in  addition,  he  be  handicapped  by  diseased  liver  or  kidneys,  the  risk  of 
operation  is  enormous.  Peritonitis  in  this  class  of  patients,  especially  if  they 
have  led  dissipated  lives,  is,  under  any  form  of  treatment,  a  very  fatal  disease. 
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Immediate  operation,  ho^ve^■el•,  is  attended  with  a  greater  mortality  than  is 
treatment  according  to  the  Ochsner  method.  At  the  opposite  end  of  the  scale 
are  children  or  young  healthy  adults.  For  these,  operation  is  indicated  at  every 
stage  of  the  disease.  Between  these  two  extremes,  are  the  debatable  cases,  and 
they  are  decidedly  in  the  majority.  Each  surgeon  must  here  decide  for  himself. 
If  lacking  in  experience,  he  must  be  influenced  by  the  views  of  the  men  in  whom 
he  has  confidence.  It  should  be  understood,  however,  that  the  majority  of  sur- 
geons favor  immediate  operation  in  all  these  patients.  Should  he  operate,  he  wdll 
be  supported  by  the  weight  of  surgical  opinion.  Should  he  not  operate,  and  the 
patient  die,  he  may  not  only  blame  himself  for  his  adoption  of  the  conservative 
course,  but  maj-  also  subject  himself  to  the  adverse  criticism  of  his  colleagues 
and  the  patient's  friends.  His  choice  of  method  should  also  be  influenced  by 
his  own  skill  and  experience.  If  he  knows  that  he  can  complete  the  operation 
within  twenty  minutes,  he  should  be  more  inclined  to  advise  operative  inter- 
ference. A  fair  statement  of  views  entertained  by  surgeons  as  to  the  general 
applicability  of  the  method  in  cases  of  advanced  appendicitis  and  peritonitis, 
would  seem  to  be  as  follows : — 

(a)  The  majority  of  surgeons  (probably  seventy  per  cent)  are  opposed  to 
its  adoption. 

(5)  A  minority  of  perhaps  fifteen  per  cent  favor  its  universal  adoption. 

(c)  Another  minority  of  perhaps  fifteen  per  cent  favor  its  adoption  in  selected 
cases  only. 

After-Treatment. — While  the  technical  features  of  the  operation  itself  are 
of  the  greater  importance,  yet  the  final  result  is  more  or  less  influenced  by  the 
subsequent  management  of  the  patient.  Special  attention  should  be  paid  to  the 
replenishment  of  the  blood-vessels  with  fluid,  to  the  condition  of  the  gastro- 
intestinal tract,  to  the  maintenance  of  mental  quietude,  and  to  posture.  The 
patient,  at  the  close  of  the  operation,  is  apt  to  be  in  a  more  or  less  collapsed  condi- 
tion, but  at  a  later  period  (varying  from  thirty  minutes  to  five  hours)  this  state 
of  collapse  is  apt  to  be  still  greater.  The  nervous  shock  of  the  operation  is  partly 
responsible,  but  this  later  grave  condition,  which  appears  after  the  patient  has 
been  returned  to  bed,  is  mainly  due  to  the  increase  in  the  number  of  bacteria  in 
the  blood,  as  the  result  of  change  in  the  osmotic  current  and  of  the  exposure  of 
new  areas  to  infection.  "Secondary  shock"  was  the  name  sometimes  applied 
to  this  condition,  and  it  was  frequently  the  forerunner  of  death.  In  anticipation 
of  its  possible  occurrence,  the  nervous  system  should  be  quieted  by  a  hypodermic 
injection  of  morphine  (gr.  |  to  gr.  4)  given  at  the  close  of  the  operation.  The 
heart  should  be  strengthened  to  withstand  the  toxic  action  of  the  bacteria,  and 
the  patient  should  be  immediately  placed  in  Fowler's  position.  The  most  reliable 
and  comfortable  means  of  quieting  the  nervous  system  and  improving  the  cir- 
culation, is  supplying  the  blood-vessels  ^\ith  a  fluid,  as  nearly  resembling  serum 
as  possible.  This  should  be  supplied  in  a  slow  and  gentle  manner.  If  the  con- 
dition of  shock  is  well-marked,  it  may  be  necessary  to  inject  1,200  c.c.  at  once 
into  a  vein.  As  a  temporary  stimulant  to  tide  over  a  crisis,  it  is  vastly 
superior  to  any  other.     A  slow  and  continuous  supply  of  water  is,  however,  of 
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more  pcrinaiu^it  benefit.  Hypodermoclysis  of  the  same  amount  is  often  an  ad- 
vantageous method  of  administration,  but  even  this  may  be  too  rapid,  and,  be- 
sides, the  process  is  one  which  generally  causes  discomfort  and  mental  distress  to 
the  patient.  The  rectum  is  the  preferable  route.  The  ordinary  enema  of  from 
eight  to  ten  ounces  is  certainly  effectual,  but  less  so  than  the  continuous  current 
which  flows  in  drop  by  drop,  and  is  as  slowly  absorbed.  This  method  of  proc- 
toclysis should  be  at  once  begun,  as  soon  as  the  patient  is  placed  in  bed.  Orders 
for  its  preparation  should  have  been  given  in  advance,  so  that  there  may  be  no 
delay  in  its  administration.  Its  intermittent  use  should  be  continued  for  two 
or  three  days,  or  at  least  until  the  patient's  stomach  is  sufficiently  quiet  to  retain 
liquids.  Started  immediately  after  the  completion  of  the  operation,  the  pro- 
cedure should  be  continuously  employed  for  two,  three,  or  four  hours.  It  can 
then  be  discontinued  for  an  hour  or  two,  to  be  again  resumed  and  continued 
for  a  couple  of  hours.  This  intermittent  proctoclysis  should  be  maintained  for  at 
least  twenty-four  hours,  there  being  perhaps  twelve  hours  for  rest  and  twelve 
hours  during  which  the  current  is  kept  flowing  into  the  intestinal  canal.  On 
the  second  day  the  periods  of  rest  may  be  prolonged,  and,  as  soon  as  water  can 
be  retained  by  the  stomach,  the  procedure  may  be  discontinued.  The  effect  of 
this  rectal  sipping  of  salt  solution  is  not  only  markedly  beneficial  to  the  heart,  but 
it  also  restores  tone  to  the  intestines,  quiets  spasm,  and  diminishes  the  paretic 
condition.  Under  its  influence  the  heart-beat  becomes  stronger,  the  pulse  fuller, 
the  tongue  moister,  and  the  skin  less  dusky.  Often,  on  the  second  or  third  day, 
flatus  will  quietly  pass  along  through  the  bowel  and  be  properly  expelled.  As 
a  rule,  neither  cathartics  nor  purgative  enemata  are  needed. 


TUBERCULOUS  PERITONITIS. 

By  NATHAN   JACOBSON,   M.D.,   Si/racuse,   New   York. 


Historical  Remarks. — The  chronic  fomis  of  peritonitis  have  been  known 
to  the  profession  for  many  hundred  years.  Hippocrates  resorted  to  the  use  of 
a  hot  iron  to  puncture  the  abdomen  for  the  removal  of  fluid  in  cases  of  ascites. 
Celsus  also  recommended  the  withdrawal  of  the  fluid  from  the  abdomen  for 
the  relief  of  this  condition,  and  some  of  the  cases  so  treated  recovered  and  re- 
mained well.  Marcello  Donato,  of  Mantua,  about  the  year  1600,  is  said  to 
have  been  the  first  to  discriminate  between  general  and  localized  ascitic  accumu- 
lations. It  was  about  the  same  time  that  Santoro,  a  professor  at  Padua,  invented 
an  instrument  which  was  a  forerunner  of  our  present  trocar  and  cannula,  and 
was  then  substituted  for  the  instruments  previously  used  in  the  withdrawal  of 
fluids  from  the  abdomen.  It  remained,  however,  for  Louis,  of  Paris,  in  1825, 
to  give  expression  to  the  thought  that  the  chronic  forms  of  peritonitis  are  usually 
of  tuberculous  character.  Henoch,^  *  in  1855,  described  cases  of  chronic  con- 
traction of  the  omentum  associated  with  a  large  amount  of  fluid  in  the  abdomen 
and  the  presence  of  pseudomembranes  upon  the  peritoneum.  These  patients 
were,  without  doubt,  suffering  from  tuberculous  peritonitis.  It  was  in  1862 
that  Spencer  Wells,  operating  upon  a  case  which  he  had  diagnosticated  as  ovarian 
cyst,  found,  to  his  astonishment,  in  an  abdomen  filled  with  ascitic  fluid,  wide- 
spread nodular  growths  upon  the  peritoneum.  After  he  had  cleansed  the 
abdominal  cavity  and  had  closed  the  wound,  the  patient,  to  his  surprise,  not 
only  made  an  operative  but  indeed  a  permanent  recovery.  That  the  true 
character  of  tuberculous  peritonitis  was  not  recognized  even  as  recently  as 
1882  is  evidenced  in  the  article  written  by  Heineke  ^  on  "  Surgical  Diseases  of  the 
Abdomen,"  in  Billroth  and  Pitha's  ^'  System  of  Surgery."  His  statement  is,  that 
"chronic  tuberculous  peritonitis  is  to  be  assumed  to  exist  when,  in  addition  to 
the  ascitic  accumulation,  tuberculosis  of  other  organs  or  caseous  foci  in  some 
other  parts  of  the  body  can  be  found."  Evidently  the  experience  of  Spencer 
Wells  had  made  but  little  impression  upon  the  medical  profession.  It  remained 
for  Koenig  ^  in  1884  to  appreciate  this  condition  and,  as  a  result  of  his  investi- 
gations, deliberately  to  recommend  for  it  surgical  treatment.  In  the  description 
of  his  cases  he  discriminated,  for  the  first  time,  between  the  ascitic  collections 
in  the  abdomen  of  t-uberculous  origin  and  those  arising  from  other  causes. 
He  demonstrated  also  that  this  condition  could  occur  as  an  ascites  or  in  the 
form  of  multiple  cysts,  and  that  there  need  not  necessarily  be  other  e^ddent 

*  These  numbers  refer  to  the  corresponding  numbers  in  the  Bibliography  at  the  end  of  the 
article. 
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tuberculous  foci  in  the  body.  This  paper  attracted  the  attention  of  the  entire 
profession  and  his  prediction  that  tuberculosis  localized  here  would  prove  as 
amenable  to  surgical  treatment  as  had  other  forms  of  surgical  tuberculosis, 
has  been  abundantly  verified.  In  the  same  year  Dr.  C.  B.  Adams,  of  Framing- 
ham,  Mass.,  performed  one  of  the  first  operations  in  this  country  for  tuberculous 
peritonitis. 

EtiOLOGY  AND  P.\THO  GENE  SIS. — The  frequency  with  which  tuberculous 
peritonitis  occurs  is  variously  stated.  Altschul,*  at  the  International  Congress 
on  Tuberculosis  held  in  Washington  in  the  autumn  of  1908,  stated  that,  in 
10,322  autopsies,  tuberculous  peritonitis  was  found  299  times — a  trifle  under 
3  per  cent.  In  2,230  autopsies  performed  at  the  Charite  in  Berlin,  Koenig 
reported  that  there  were  107  cases,  or  nearly  5  per  cent.  Cummings,  of  Phila- 
delphia, found  it  92  times  in  3,495  autopsies — that  is.  in  2.7  per  cent.  Sick,  of 
Hamburg,  and  Muenstermann,  of  Muenster,  reported  the  lowest  percentages— 
namely,  1.8  per  cent  and  1.6  per  cent  respectively.  The  highest  rate  was 
recorded  by  Borschke,  of  Vienna,— namely,  5.3  per  cent.  Bircher,^  who  collected 
the  statistics  of  19,184  autopsies  from  nine  different  sources,  found  tuberculous 
peritonitis  in  671, — an  average,  therefore,  of  3.5  per  cent. 

The  occurrence  of  tuberculous  peritonitis  as  a  primary  affection  has  been 
questioned.  That  it  is  very  rare  is  without  doubt  true.  A  few  undisputed 
cases,  however,  are  on  record.  Benndorf  ^  reported  a  case  in  which  he  found 
tubercles  disseminated  throughout  the  entire  peritoneum,  yet,  after  a  careful 
search  of  the  rest  of  the  body  at  the  autopsy,  he  was  unable, to  discover  any 
other  foci  of  the  disease.  Meissner  ^  reported  a  similar  case.  Cummings  **  found, 
in  the  92  cases  referred  to,  3  which  were  primary.  Of  the  46  cases  of  peri- 
toneal tuberculosis  reported  by  Muenstermann, '^  2  were  primary.  In  4,250 
autopsies  reported  by  Borschke,  of  Vienna,  226  cases  of  peritoneal  tuberculosis 
were  disclosed,  and  in  but  two  instances  was  the  disease  primary. .  It  is  apparent, 
therefore,  that  the  study  of  large  numbers  of  cases  of  tuberculous  peritonitis 
leads  to  the  conclusion  that  in  about  2  per  cent  the  disease  is  found  to  be  a 
primary  affection. 

On  the  other  hand,  there  is  usually  evidence  of  coincident  tuberculous 
disease  of  other  organs.  This  occurs  most  frequently  in  the  lungs,  which  Koenig 
found  involved  in  92  per  cent  of  his  cases,  Sick  in  85  per  cent,  and  Cummings 
in  84  per  cent.  The  intestines  were  likewise  affected  w^th  tuberculosis  in  74 
per  cent  of  Koenig's  cases  and  in  65  per  cent  of  those  of  Sick,  while  Cummings 
discovered  this  complication  in  but  32  per  cent.  Additionally,  these  same 
observers  found  the  Fallopian  tubes  and  the  ovaries,  the  pleura,  the  kidneys, 
the  liver,  lymph  nodes  in  various  localities,  the  spleen,  and  the  mesentery  fre- 
quently involved  in  a  tuberculous  process.  General  tuberculosis  was  discovered 
by  Koenig  in  10  per  cent  of  the  bodies  examined  on  the  autopsy  table. 

We  are  therefore  confronted,  in  the  study  of  tuberculous  peritonitis,  by  a 
condition  which,  in  exceptional  cases,  is  limited  to  the  peritoneal  cavity  and 
may  not  only  involve  at  the  same  time  other  important  stmctures,  but  may  be 
mcrelv  one  of  the  manifestations  of  a  general  tuberculosis.     This  deeply  concerns 
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us.  whether  we  view  this  pathological  condition  from  a  clinical,  a  therapeutic,  or 
a  prognostic  standpoint. 

There  are.  however,  other  filatures  to  hv  discussed  in  considering  the  etiology 
and  pathogenesis.  The  statements  thus  far  made  repn^sent  the  findings  at  the 
autopsy  table.  Naturally,  these  do  not  present  a  correct  view  of  the  situation 
as  we  encoiniter  it  in  vivo.  It  is  rather  surprising  that  even  2  per  cent  of  the 
cases  have  proceeded  to  a  fatal  issue  without  provoking,  or  being  associated 
with,  tuberculous  manifestations  in  other  parts  of  the  body.  It  is  obviously 
unfair  to  assume  that  tul)erculous  peritonitis  as  seen  I)}-  the  surgeon  presents 
the  same  picture  as  that  which  is  imfolded  to  the  iiathological  anatomist.  The 
disease  is  brought  to  the  attention  of  the  former,  if  not  at  its  inception,  at 
least  usually  at  an  early  stage ;  while  the  latter  has  occasion  to  witness  only  the 
widespread  devastation  caused  by  the  dissemination  of  tubercles. 

It  is  interesting  to  note  that  the  Mayo  brothers/"  of  Rochester,  Minnesota, 
were  able  to  report  that  in  5,687  patients  upon  whom  intra-abdominal  operations 
had  been  performed  during  the  ten  years  terminating  October  1st,  1904,  184 
(or  about  3  per  cent)  gave  exadence  of  tuberculous  disease.  Localized  intestinal 
tuberculosis  occurred  21  times ;  in  13  of  these  cases  they  were  able  to  demonstrate 
that  this  was  the  primary  tuberculo.us  lesion,  w^hereas  in  the  other  8  they  were 
uncertain  as  to  this  point.  During  the  same  period,  in  1,888  cases  in  which 
they  had  removed  the  appendix  this  organ  was  found  to  be  involved  in  a 
tuberculous  process  29  times.  They  frequently  found  caseous  lymph  nodes  in 
the  meso-appendix.  Geographical  location  apparently  exerts  an  influence  in 
the  dissemination  and  appearance  of  tuberculous  disease.  The  Mayos  state 
that,  living  as  they  do  in  an  agricultural  community,  pulmonary  tuberculosis  is 
comparatively  infrequent,  while  abdominal,  bone,  joint,  and  lymphatic  affections 
of  this  character  are  quite  common. 

It  is  stated  that,  in  the  United  States,  60  per  cent  of  all  cadavers  show 
evidence  of  healed  or  active  tuberculosis,  while  in  Germany  the  percentage  is 
said  to  be  as  high  as  86  per  cent.  Nothnagel  ^^  calls  attention  to  this  discrepancy 
and  refers  to  the  report  of  4,250  autopsies  by  Borschke,  in  1,393  of  which  tuber- 
culous lesions  were  found,  and,  of  this  number,  226  {i.e.,  over  16  per  cent)  showed 
involvement  of  the  peritoneum.  It  is  claimed,  furthermore,  that  tuberculous 
peritonitis  occurs  more  frequently  in  Menna  than  in  any  other  part  of  the  globe. 

Heredity  is  undoubtedly  an  important  etiological  factor.     Shattuck  ^-  found 

such  a  history  in  20  per  cent  of  his  cases,  Rotch  '^  in  30  per  cent,  Haene  in  35 

per  cent,  and  Lauper  ^*  in  40  per  cent.     In  this  connection  it  should  be  stated 

that  congenital  cases  have  been  placed  on  record.     The  earliest  report  is  that 

of  jManclair  and  Alglave.^^     In   this   report  there   is   narrated   the   case   of  a 

child  who,  when  three  days  old,  was  seized  with  vomiting,  and  died  on  the 

sixth  day.     The  autopsy  showed  advanced  tuberculous  peritonitis  associated 

with   intestinal   obstruction.     The   mesenteric   lymph   nodes   contained  many 

bacilli  and  giant  cells.     Another  case  is  reported  by  Brouardel.     In  this  instance 

the  child  died  when  ten  weeks  old.     In  each  of  these  cases  the  mother  had  a 

tuberculous  condition  of  the  genitalia. 
VOL.  VII. — 34 
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Age  is  without  doubt  an  important  factor.  Lauper  "  states  that  tuberculous 
peritonitis  occurs  most  frequently  in  the  second  half  of  the  second  deccnnium. 
Rotch  ^^  has  prepared  a  paper  based  upon  the  cases  admitted  into  the  Children's 
Hospital  of  Boston  between  the  years  1884  and  1902 — in  all,  69  cases.  He 
states  that  the  disease  occurs  in  infancy  or  childhood,  but  does  so  much  more 
frequently  during  the  latter  period.  He  has  observed  that  the  occurrence  of 
tuberculous  peritonitis  in  infancy  is  usually  a  manifestation  of  general  tuberculo- 
sis, but  he  states  that  "it  is  this  chronic  tuberculous  peritonitis,  occurring  in 
individuals  most  frequently  from  one  and  a  half  to  four  years  of  age,  which  can 
be  treated  as  a  disease  per  se,  and  which  gives  us  the  largest  percentage  of 
recoveries  from  tuberculous  peritonitis  by  means  of  laparotomy." 

The  youngest  patient  operated  upon  by  the  writer  was  twenty-two  months 
of  age.  ■  The  disease  had  existed  at  least  six  months  and  the  child  was  ex- 
tremely weak  and  emaciated,  but  made  a  good  recovery  after  operation.  He 
is  now  nine  years  of  age  and  a  splendid  specimen  of  youthful  vigor. 

In  determining  the  influence  of  age  on  the  development  of  tuberculous 
peritonitis  it  is  interesting  to  compare  two  tables — one  American  and  the  other 
German.  The  first  table  represents  the  experience  of  the  Massachusetts  General 
Hospital,  and  is  derived  from  two  separate  papers,  the  first  of  which  is  by  Shat- 
tuck  ^^  and  covers  the  98  cases  which  were  treated  during  the  ten  years  terminat- 
ing in  1900.  The  second  table,  which  is  by  Stone,^^  takes  up  the  cases  in  the 
same  hospital  (122  in  all)  which  were  under  treatment  between  1900  and  1907; 
the  two  sets  of  cases  making  a  total  of  220.  In  178  the  disease  occurred  before 
the  thirtieth  year  of  life,  and  in  only  42  at  an  age  later  than  thirty.  In  29  it 
appeared  between  the  first  and  tenth  years,  in  60  between  the  tenth  and 
twentieth,  and  in  89  from  the  twentieth  to  the  thirtieth  years.  Evidently, 
tuberculous  peritonitis  occurred  most  frequently  in  the  third  decade,  while,  in 
more  than  80  per  cent  of  all  of  the  cases  treated  in  ihe  Massachusetts  General 
Hospital  during  these  seventeen  years,  the  patients  had  not  attained  the 
thirtieth  year  of  life. 

On  the  other  hand,  of  164  personal  cases  reported  by  Nothnagel "  from  his 
own  clinic  none  occurred  before  the  tenth  year  of  life.  Of  the  remainder,  28 
occurred  between  the  tenth  and  the  twentieth  years,  37  between  the  twentieth 
and  thirtieth,  50  from  the  thirtieth  to  the  fortieth,  31  from  the  fortieth  to  the 
fiftieth,  12  from  the  fiftieth  to  the  sixtieth,  and  6  from  the  sixtieth  to  the  seven- 
tieth years.  It  appears,  therefore,  that,  in  99  of  his  164  cases  (or  in  60  per  cent), 
the  disease  occurred  later  than  the  thirtieth  year  of  life ;  and  the  fourth  decade 
seems  to  have  been  the  one  during  which  it  appeared  most  frequently.  In  a 
paper  published  by  Vierordt  not  a  single  case  under  twenty  years  of  age  is  men- 
tioned. Ochsner^^  states  that,  of  32  cases  operated  upon  by  him  and  re- 
ported in  1902  to  the  American  Surgical  Association,  20  were  less  than  thirty 
years  of  age,  and  only  12  older.  One-third  of  his  patients  were  not  twenty  years 
of  age.  It  would  seem,  from  the  foregoing,  that  the  disease  appears  at  an 
earlier  period  of  life  in  this  countiy  than  abroad.  An  exception  to  this,  however, 
is  to  be  found  in  the  experience  of  the  surgical  clinic  of  Goettingen.     Of  40  cases 
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reported  by  Dr.  Karl  Thoeiics,'*  28  (or  70  per  cent)  were  under  twenty  years  of 
age.  However,  after  reviewing  the  statistics  of  all  countries,  I  believe  that  it 
is  fair  to  conclude  that  tuberculous  peritonitis  occurs  most  frequently  from  the 
twentieth  to  the  fortieth  year  of  hfe. 

The  study  of  the  relation  of  sex  to  tubmx'ulous  peritonitis  is  likewise  in- 
teresting. Mayo  ^^  states  that,  in  his  experience,  the  disease  occurs  four  times 
as  frequently  in  the  female  as  in  the  male.  Of  Ochsner's  32  cases,''  2-1  were 
women;  of  the  40  cases  operated  on  by  Thoenes,  25  were  women;  16  of  the  22 
cases  operated  upon  by  Lauper  '^  were  women.  However,  of  the  164  cases  re- 
ported by  Nothnagel,  101  were  men  and  63  were  women.  Of  69  cases  reported 
by  Rotch,  39  were  boys  and  30  girls.  Of  122  patients  forming  the  basis  of  the 
paper  by  Stone,  62  were  males  and  60  females;  while,  in  the  paper  prepared  by 
Shattuck,  67  were  women  and  31  men.  Nothnagel  states  that  90  per  cent  of 
all  the  patients  operated  upon  for  tuberculous  peritonitis  are  w^omen,  and  he 
seeks  to  explain  this  on  the  ground  that  in  many  instances  an  erroneous  diagnosis 
had  been  made,  the  sjniiptoms  present  having  been  referred  to  some  diseased 
condition  of  the  female  sexual  apparatus.  For  this  reason,  early  operations  are 
more  frequently  perfomied  upon  women. 

On  the  other  hand,  at  the  autopsy  table  a  large  proportion  of  the  subjects 
presenting  tuberculous  invasion  of  the  peritoneum  have  been  males.  Bircher,^ 
collecting  the  statistics  of  various  hospitals,  found  that,  in  452  autopsies  where 
death  was  caused  by  tuberculous  peritonitis,  338  (or  74  per  cent)  were  males 
as  against  124  (or  26  per  cent)  females.  Bybee  ^^  reported  that,  in  872  autopsies 
made  at  the  Cook  County  Hospital  of  Chicago,  tuberculous  peritonitis  was 
found  in  30,  28  of  these  being  in  males  and  but  2  in  females.  Vierordt  found 
80  per  cent  in  males.  Sick  83.1  per  cent,  and  Cimimings  66.3  per  cent.  If  all 
of  these  figures  be  summarized  it  would  appear  that,  on  the  autopsy  table,  the 
disease  is  found  three  times  as  frequently  in  males  as  in  females. 

Occasionally  traumatism  has  been  the  provoking  cause  of  tuberculous 
peritonitis.  Bircher°  mentions  one  case  in  which  the  disease  appeared  fifteen 
days  after  the  receipt  of  an  injury  and  was  apparently  precipitated  by  the 
rupture  of  tuberculous  mesenteric  lymph  nodes.  Heintze  ^^  reports  three  cases 
of  acute  traumatic  peritonitis  of  a  tuberculous  nature.  In  one  of  our  own  cases 
a  young  woman  sustained  a  fall  while  riding  a  bicycle,  striking  upon  her  chest 
and  abdomen.  Tuberculous  pleurisy,  as  well  as  tuberculous  peritonitis,  followed ; 
the  latter  running  a  furious  course  and  causing  her  death  in  six  weeks.  In  aU 
of  the  reported  cases  due  to  traumatism  the  course  has  been  a  very  acute  one. 

AVithout  doubt  the  tubercle  bacillus  is  the  essential  cause  of  tuberculosis. 
It  is  a  matter  of  great  interest  to  detennine,  if  possible,  the  port  of  entry  in  those 
cases  in  which  it  is  responsible  for  the  development  of  tuberculous  peritonitis. 
Three  methods  of  invasion  are  possible:  by  way  of  the  blood  stream,  by  way  of 
the  lymphatic  channels,  and  by  direct  extension  from  a  contiguous  focus.  The 
tubercle  bacillus  only  exceptionally  finds  its  way  to  the  peritoneum  by  way  of 
the  circulation,  and  then  only,  as  a  rule,  in  those  cases  in  which  we  are  e\T.dently 
dealing   with  a   general  miliary  tuberculosis.     Many  of  the  German  observers 
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are  inclined  to  designate  this  class  of  eases  as  ''peritoneal  tuberculosis''  rather 
than  as  "tuberculous  peritonitis,"  because  of  the  absence  of  inflammatory 
manifestations.  The  lymphatic  route  is  of  much  greater  importance  in  the 
pathogenesis  of  tuberculous  peritonitis,  by  reason  of  the  fact  that  the  peritoneum, 
mesentery,  and  intestinal  walls  are  richly  supplied  with  lymphatics. 

The  question  has  recently  been  raised  by  Koch  as  to  whether  human  and 
bovine  tuberculosis  are  dependent  upon  the  same  bacillus.  While  he  insists 
that  they  are  separate  and  distinct.  Von  Behring  holds  that  they  are  identical. 
Raw  ^^  takes  the  ground  that  they  are  distinct  varieties  of  an  original  species, 
each  capable  of  producing  distinctly  characteristic  lesions  in  the  human  body. 
He  believes  that,  particularly  during  the  milk-drinking  period  of  early  life,  the 
bovine  tubercle  bacillus  is  capable  of  producing  certain  lesions.  In  100  care- 
fully conducted  autopsies  on  children  dying  of  tuberculosis,  many  of  them 
ordinary  cases  of  phthisis  and  several  of  them  abdominal  and  meningeal  forms, 
he  found  that  38  showed  tuberculous  intestinal  ulcers  with  caseating  mesenteric 
lymph  nodes,  and  that  23  had  caseating  mesenteric  lymph  nodes  without  intes- 
tinal ulcers.  He  concludes  that  the  human  tubercle  bacilli,  whether  introduced 
primarily  with  food  or  swallowed  secondarily  with  the  sputum  in  those  suffering 
from  phthisis,  will  cause  intestinal  ulcers,  and  that  bovine  tubercle  bacilli  in- 
gested with  milk  will  rapidly  pass  through  the  intestines  leaving  no  trace  behind, 
attack  the  mesenteric  lymph  nodes,  and  then  spread  to  the  lungs  and  be  dis- 
tributed all  over  the  body.  There  are  a  few  recorded  cases  in  which  the  perfora- 
tion of  a  tuberculous  gastric  ulcer  has  been  responsible  for  the  occurrence  of 
tuberculous  peritonitis. 

In  a  recent  address  Prof.  A.  E.  Calmette,"  of  France,  takes  the  ground  that 
the  respiratory  tract  is  so  strongly  guarded  that  only  in  exceptional  cases  can 
there  be  direct  admission  of  tubercle  bacilli  through  this  route.  On  the  other 
hand,  he  maintains  that  the  most  frequent  source  of  invasion  is  through  the 
intestinal  tract.  This,  he  holds,  is  the  result  of  the  ingestion,  not  only  of  milk 
from  tuberculous  cows,  but  also  of  food  contaminated  either  directly  or  indirectly 
by  means  of  tuberculous  sputum.  The  bacilli  penetrate  the  intestinal  walls, 
enter  the  blood-  or  the  lymph-circulation,  and,  being  thus  transported,  produce 
tuberculous  disease  in  various  localities  of  the  body.  The  intestinal  mucosa 
can  give  transit  to  tubercle  bacilli  and  yet  not  show  afterward  any  trace  of  their 
passage.  In  his  research  work  he  has  produced,  in  this  way,  tuberculous  disease 
of  the  pleura,  of  the  joints,  and  of  the  genito-urinary  apparatus.  Pulmonary 
tuberculosis,  therefore,  is,  according  to  Calmette,  a  secondary  manifestation, 
the  primary  invasion  taking  place  by  way  of  the  intestinal  tract.  If  this  view 
is  correct  it  seems  surprising  that  we  do  not  find  tuberculous  peritonitis  more 
frequently  as  an  early  evidence  of  tuberculous  disease  in  the  human  body. 

Murphy, 2*  on  the  other  hand,  while  regarding  the  intestinal  tract  as  the 
usual  route  through  which  the  infection  travels  in  its  course  to  the  peritoneum, 
holds  that,  in  the  female,  the  genital  tract  is  more  often  the  portal  of  entry. 
There  is  very  strong  ground  for  questioning  this  claim.  ^ATien  tuberculosis 
attacks  the  female  genitalia  the  Fallopian  tubes  are  usually  the  site  of  the 
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greatest  activity  of  the  diseaso.  Tlic  t'uiidus  of  the  uterus  is  affected  to  a  iiiuch 
less  degree,  the  cerNix  rarely,  and  the  vagina  only  occasionally.  All  of  this 
would  seem  to  argue  against  tuberculous  peritonitis  being  due  to  an  ascending 
genital  invasion.  On  the  other  hand,  experimental  study  has  shown  that  there 
is  a  peritoneal  current  which  flows  toward  the  Fallopian  tubes,  and  it  is  assumed 
that  the  frequent  involvement  of  these  tubes  is  secondary  to  the  peritoneal 
disease  rather  than  the  primary  affection.  Furthermore,  Baumgartner,  as  a 
result  of  inoculation  of  the  genital  tract  of  the  rabbit  at  different  levels,  found 
that,  while  tuberculosis  might  spread  by  continuity  to  other  structures  in  the 
genital  tract,  its  tendency  was  to  travel  downward  rather  than  upward.  His 
conclusion  is:  "Since  tuberculous  infection  of  the  genital  apparatus  in  the 
female  is  most  frequent  in  its  upper  extremity  and  there  is  little  evidence  of  an 
ascending  affection,  it  seems  reasonable  to  assume  that  the  Fallopian  tube  may 
be  readily  infected  from  the  peritoneal  cavity."  Out  of  194  cases  of  tuberculous 
disease  of  the  female  genitalia  reported  by  Mayer  the  tuberculous  process 
implicated  the  peritoneum  in  110.  On  the  other  hand,  the  literature  of  the 
subject  contains  the  records  of  a  large  number  of  autopsies  upon  female  patients 
in  whose  Fallopian  tubes,  notwithstanding  the  fact  that  they  had  succumbed 
to  tuberculous  peritonitis,  no  evidence  of  tuberculous  disease  was  discovered. 
Biggs  -*  reports  the  case  of  a  child,  twenty  months  old,  in  whom  a  post-mortem 
examination  disclosed  coincident  tuberculous  disease  of  the  peritoneum,  tubes, 
and  uterus  in  association  with  tuberculous  ulceration  of  the  bowels,  which  latter 
lesion  was  evidently  the  primaiy  focus  of  the  disease.  Tubal  infection  with 
tuberculosis,  through  sexual  intercourse  with  a  tuberculous  man^  no  doubt  does 
occur.  Gelpke  ^  records  the  case  of  a  woman,  of  health}'  parentage,  who  became 
infected  by  a  tuberculous  husband  who  died  before  their  child  was  born.  The 
child  lived  about  a  year  and  died  of  tuberculous  meningitis.  Soon  after  the 
birth  of  the  child  the  mother  developed  tuberculous  peritonitis,  the  disease 
beginning  apparently  in  the  left  Fallopian  tube.  She  never  had  had  any  previous 
tuberculous  invasion  of  her  lymph  nodes,  lungs,  or  intestines.  This  question 
must  remain  for  the  present  sub  juclice.  There  can,  however,  be  no  doubt  that 
when  invasion  of  the  Fallopian  tubes  has  occurred,  whether  this  be  a  primary 
or  a  secondary  manifestation,  toxins  as  well  as  tubercle  bacilli  may  be  produced, 
and  the  latter  may  multiply  so  rapidly  in  them  that,  for  the  time  being,  these 
structures  become  the  actual  stonn  centre,  and  their  removal  becomes  im- 
perative. 

Pathological  Anatomy. — Pathologists  and  clinicians  seem  to  differ  as  to 
a  classification  of  the  foniis  of  tuberculous  peritonitis.  The  former  group  the 
cases  according  to  the  findings  on  the  post-mortem  table,  while  the  latter — 
be  they  internists  or  surgeons — are  governed  in  their  di^dsion  by  the  symptom- 
atology. It  is  a  question  whether  one  can  create  sharp  fines  of  division.  But 
few  cases  will  absolutely  fit  into  a  given  group,  be  that  based  upon  its  pathological 
or  on  its  clinical  picture.  As  stated  before,  Kauffmann  ^^  makes  two  divisions. 
To  the  first  he  gives  the  name  "tuberculosis  of  the  peritoneum,"  to  the  second, 
that  of  "tuberculous  peritonitis."     Under  the  fomier  head  are  included  those 
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cases  in  which  the  disease  progresses  without  any  evident  inflammatory  mani- 
festations, and  in  which,  nevertheless,  there  are  found  at  autopsy  gray  tuberculous 
nodules  that  are  widely  distributed  over  the  peritoneum  and  intraperitoneal 
organs.  Naturally,  this  variety  is  discovered  more  frequently  by  the  patholo- 
gist than  by  the  clinician,  and  it  may  therefore  be  excluded  from  our  present 
consideration.  Tuberculous  peritonitis  is  usually  divided  into  three  groups: — 
The  first  and  most  frequently  encountered  is  the  ascitic  variety  of  the  disease; 
the  second  is  the  adhesive,  and  the  third  the  caseous.  In  the  ascitic  variety 
there  is  usually,  in  the  free  peritoneal  cavity,  a  large  accumulation  of  fluid,  which 
varies  in  character,  being  at  times  clear  yellow,  serous  or  sero-fibrinous,  occa- 
sionally hemorrhagic,  and  rarely  purulent.  The  amount  of  effusion  varies.  It 
may  be  slight  in  some  cases  and  very  abundant  in  others.  Occasionally  tubercle 
bacilli  are  found  in  this  exudate.  However,  it  is  not  always  possible,  even  in 
cases  in  which  tuberculous  peritonitis  is  positively  present,  to  demonstrate 
the  presence  of  the  bacilli.  Tubercles  are  usually  found  upon  the  peritoneum  in 
great  abundance.  They  vary  in  size  from  the  smallest  millet  seed  to  quite  large 
caseous  nodules.  Very  frequently  the  intestines  are  covered  with  a  fibrinous 
exudate,  which  may  lead  to  the  formation  of  adhesions  between  the  intestines 
or  between  these  structures  and  the  abdominal  wall.  The  parietal  peritoneum 
is  usually  infiltrated  with  numerous  small  gray  transparent  nodules  and  the 
resulting  thickening  is  constant  and  quite  characteristic.  The  mesentery  and 
omentum  are  hkewise  involved,  and  the  latter  is  particularly  changed,  being 
converted  into  a  dense,  hard,  contracted  mass  which  is  beset  with  tubercles  and 
is  drawn  to  the  upper  part  of  the  abdomen  where  it  strongly  simulates  a  tumor. 
The  fibrinous  exudate  leads  to  plastic  formation,  and  adhesions  result,  not  only 
between  the  intestines  but  also  between  them  and  the  other  intra-abdominal 
structures.  Fixed  spaces  are  thus  created  in  which  fluid  collects  or  is  held 
imprisoned.  Tn  this  way  what  appear  to  be  distinctly  localized  collections  of 
fluid  are  formed  in  the  abdomen, — a  condition  which  has  frequently  been 
mistaken  for  intra-abdominal  cystic  tumors.  Cirrhotic  changes  in  the  liver  and 
spleen  are  frequently  associated  with  tuberculous  disease  of  the  peritoneum. 
The  tendency  to  the  formation  of  a  plastic  exudate  with  adhesions  has  often 
led  to  the  encapsuling  of  tuberculous  masses,  and  without  doubt  it  is  in  this 
way  that  sometimes  the  process  is  arrested.  On  the  other  hand,  the  tuberculous 
process  may  advance  to  a  stage  of  caseation  with  subsequent  purulent  accumula- 
tion, or  it  may  lead  to  ulceration  and  perforation.  As  a  result  of  this  process, 
not  only  may  a  fistulous  communication  between  various  intestinal  loops  be 
established,  but  surface  destruction  may  also  occur  and  a  perforation  in  the 
neighborhood  of  the  umbilicus  follow,  as  a  result  of  which  a  fecal  fistula  is 
established  at  this  point.  Again,  the  adhesions  may  lead  to  intestinal  con- 
striction— serious  enough,  in  some  cases,  to  constitute  complete  obstruction  of 
the  bowels.  The  mesenteric  and  the  retroperitoneal  lymph  nodes  may  become 
extensively  involved,  in  which  case  they  appear  as  large  tuberculous  tumors. 
In  the  female  the  Fallopian  tubes  and  ovaries  may  be  invaded  either  primarily 
or  secondarily.    The  caseous  variety  of  the  disease,  when  advancing  to  the 
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su})purativc  stage,  frequently  becomes  contaminated  with  other  infectious 
organisms,  and  we  have  then  to  deal  with  a  mixed  infection.  ]\Iost  surgeons 
make  a  special  group  of  such  cases. 

It  must  be  emphasized,  however,  as  stated  before,  that  these  various  path- 
ological conditions  present  no  fixed  border  line,  and  a  division  into  specific  groups 
is  more  artificial  than  real.  There  are,  no  doubt,  varying  degrees  of  intensity'', 
some  cases  being  mild,  presenting  few  tubercles  and  little  exudate,  and  charac- 
terized by  onl}'  slight  involvement  of  the  peritoneum.  Such  cases  often  proceed 
to  a  spontaneous  cure.  In  a  more  severe  variet}'  the  peritoneal  invasion  is  of 
a  more  serious  nature ;  the  effusion  becomes  more  abundant  and  fibrinous,  and 
is  apt  to  form  a  plastic  exudate.  In  this  class  of  cases  the  omentmn  presents 
the  characteristic  contraction  and  the  appearance  as  if  it  were  the  seat  of  a 
tumor.  Then  again,  in  some  cases,  the  exudate  is  encapsuled,  the  tuberculous 
process  being  limited  and  the  disease  showing  a  tendency  to  recovery.  In  the 
severest  type  of  cases  there  is  caseation  associated  with  mixed  infection  and 
resulting  sepsis.  In  the  mild  cases  bacilli  have  either  been  found  in  small  numbers 
or  not  at  all.  On  the  other  hand,  in  the  caseous  variety,  associated  with  mixed 
infection,  cultures  have  shown  the  presence  of  micro-organisms  of  the  most 
xdrulent  type. 

i\Iost  surgeons  classify  the  cases  as  ascitic  or  diy.  The  difference  between  the 
two  groups  is  rather  clinical  than  pathological,  for  it  is  e\ddent  that  with  any  of 
the  pathological  varieties  there  maj^  be  present  a  greater  or  a  smaller  amount 
of  effusion  or  none  at  all. 

Bruns-^  was  the  first  to  describe  cases  in  which  the  earliest  e^ddence  of  a 
tuberculous  invasion  of  the  peritoneum  was  found  in  the  hernial  sac.  Sub- 
sequentl}^  Roth  and  Petit  furnished  confirmatorj'  contributions.  Of  the  twenty- 
two  cases  reported  b}^  Rotli,-^  fourteen  involved  the  sac  alone;  in  three  the 
process  was  limited  to  the  contents  of  the  sac;  and  in  the  remaining  five  both 
the  sac  and  the  contents  showed  evidence  of  tuberculosis.  In  nine  hundred 
hernise  reported  by  Petit  fifteen  were  tuberculous;  in  five  of  them  there  was 
e\ddence  of  inherited  tuberculosis.  It  is  fair  to  assimie  that  in  all  of  these  cases 
the  tuberculous  process  was  not  limited  to  the  hernial  sac,  but  was  of  such  a  mild 
type  or  so  little  advanced  as  not  to  give  e\ddence  of  a  general  tuberculous 
peritonitis.  The  claim,  however,  has  been  advanced  that  hernia  predisposes 
to  tuberculosis.  Reference  has  already  been  made  to  the  coincident  involve- 
ment of  other  organs  with  tuberculosis  and  the  marked  infrequency  Tvith  which 
a  tuberculous  process  remains  restricted  to  the  peritoneum  mthout  involvement 
of  other  structures. 

Sy.mptoalitology.— In  all  forms  of  tuberculous  peritonitis  the  early  mani- 
festations are  indefinite.  The  experience  gained  at  the  clinic  of  Kocher,  in 
Berne,  as  related  by  Lauper,"  presents  a  good  clinical  picture.  He  states  that 
there  is  a  prodromal  period  which  in  more  than  one-half  of  the  cases  covers 
many  months,  or  possibly  an  entire  year.  During  this  period  there  are  gradual 
loss  of  appetite,  languor,  malaise,  and  vague  abdominal  complaints  wdth  irregu- 
larity in  the  action  of  the  bowels.     At  the  conclusion  of  this  period,  in  nearly 
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all  of  the  cases,  there  occurs  a  sudden  outbreak  of  acute  manifestations.  This 
is  characterized  by  severe  al)d()ininal  pain  referred  to  the  region  of  the  umbilicus, 
liy  sudden  appearance  of  fever,  and  by  increased  loss  of  aj^petite,  often  associated 
with  vomiting  or  distress  at  the  j^it  of  the  stomach.  In  at  least  one-third  of 
the  cases  the  vomiting  is  severe.  About  one-half  of  the;  patients  complain  of 
some  form  of  urinary  disturbance.  Some  suffer  from  painful  urination,  while 
others  complain  of  pain  at  the  completion  of  the  urinary  act,  together  with  the 
usual  distressing  symptoms  of  cystitis.  Menstrual  irregularities  are  present 
in  one-half  of  the  cases  occurring  in  women.  In  some,  menstruation  is  profuse, 
in  others  irregular  and  associated  with  dysmenorrhoea.  About  two-thirds  of 
the  patients  have  some  form  of  disturbance  of  the  bowel  function.  In  perhaps 
one-half  of  this  number  diarrhoea  and  constipation  alternate,  the  one  with  the 
other.  A  smaller  number  suffer  from  constipation  alone,  and  this  is  found  to 
be  particularly  true  in  children.  Only  in  occasional  instances  is  there  persistent 
diarrhea.  This  may  be  associated  with  colic.  Maylard  ^^  makes  the  statement 
that  when  general  emaciation,  anorexia,  diarrhoea,  furred  tongue,  evening  rise  of 
temperature,  etc.,  are  known  to  exist  prior  to  the  manifestations  of  any  positive 
abdominal  symptoms  it  is  more  than  likely  that  ulceration  of  the  bowels  has 
been  the  cause  of  the  tuberculous  peritonitis.  He  states,  furthermore,  that  the 
recurrence  of  interaiittent  attacks  of  pain  before  the  appearance  of  local  signs 
in  the  abdomen  indicates  either  a  tuberculous  imphcation  of  the  intestines  or  the 
presence  of  adhesions  resulting  from  an  antecedent  attack  of  tuberculous  peri- 
tonitis. The  temperature  may  remain  unaffected,  but  in  severe  forms  it  is 
always  elevated,  and  in  suppurating  cases  it  assumes  a  hectic  type.  About 
four-fifths  of  all  patients  suffer  from  abdominal  pain,  which  is  usually  quite 
general.  It  may  be  associated  with  areas  of  tenderness,  and,  where  the  female 
genitalia  are  primarily  or  coincidently  affected,  the  tenderness  is  particularly 
evident  in  the  neighborhood  of  the  Fallopian  tubes. 

The  most  constant  local  manifestation  is  increase  in  the  size  of  the  abdomen. 
This  is  usually  dependent  upon  the  presence  of  ascites,  but  the  effusion  is  not 
the  only  cause  of  this  enlargement.  In  the  dry  cases  it  is  usually  due  to  the 
presence  of  tympanites.  Sometimes  the  ascitic  fluid  is  so  limited  in  amount 
that  it  can  be  recognized  only  by  having  the  patient  stand  and  lean  forward. 

Thomayer  ^^  calls  attention  to  the  manner  in  which  the  omentum  and  mesen- 
tery are  retracted.  The  omentum,  after  being  drawn  to  the  upper  part  of  the 
abdomen,  is  carried  to  the  left  side  because  of  the  retraction  of  the  mesentery. 
Consequently  there  appears,  in  tuberculous  peritonitis,  a  firm  tumor  located 
largely  in  the  left  upper  quadrant  of  the  abdomen,  while  the  intestines  collect 
in  the  right  lower  quadrant  where  a  t3mipanitic  area  is  present.  Further  physical 
examination,  particularly  in  the  adhesive  type,  may  reveal  the  presence  of 
localized  collections  of  fluid  suggesting  the  presence  of  intra-abdominal  cysts. 
In  other  cases,  there  are  sometimes  found  masses  of  doughy  consistence  due  to 
the  enlargement  of  mesenteric  or  retroperitoneal  lymph  nodes,  possibly  in  a 
state  of  caseation. 

Dyspnoea  is  a  frequent  complaint,  and  is  usually  dependent   upon  the  in- 
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creased  size  of  the  abdomen,  l^iiiaciatioii  is  most  cunstaiil,  being  present  in 
about  eighty  per  cent  of  all  cases,  and,  in  an  advanced  stage  of  the  disease,  it  is 
associated  with  exhaustion. 

The  clinical  course  is  exceedingly  variable.  Cases  may  i)roceed  to  a  fatal 
termination  unrecognized.  Gelpke  -^  refere  to  the  case  of  an  insane  man  who 
shoveletl  snow  the  day  before  he  died.  The  autopsy  revealed  an  old  caseous 
fomi  of  tuberculous  peritonitis.  On  the  other  hand,  in  th(>  acute  miliary  form 
the  progress  may  be  exceechngly  rapid,  the  cachexia  being  pronounced  and 
death  occurring  at  an  early  date.  As  has  been  stated,  in  chronic  cases  it  often 
occurs  that  the  acute  symptoms  are  preceded,  during  a  long  period  of  tune,  by 
disorders  of  an  ill-defined  nature.  In  a  large  numl^er  of  these  cases  no  distressing 
symptoms  whatsoever  are  evident,  and  the  first  abnormal  manifestation  which 
calls  attention  to  the  patient  is  the  sudden  or  gradual  increase  in  the  size  of  the 
abdomen. 

The  experience  of  the  Berne  clinic,  as  reported  by  Lauper,^^ — viz.,  that  the 
disease  frequently  presents  an  inactive  prodromal  period,  followed  by  acute 
manifestations, — is  confirmed  by  Gelpke  ^'  and  also  by  the  experience  of  the 
Massachusetts  General  Hospital,  as  appears  in  the  papers  of  both  Shattuck  ^- 
and  Stone. ^"^  This  was  the  course  observed  in  about  one-third  of  their  patients. 
In  over  one-half  of  their  cases,  as  soon  as  the  tuberculous  peritonitis  had  reached 
such  a  degree  of  development  that  one  could  make  a  positive  diagnosis,  there 
was  found  undoubted  e^ddence  of  tuberculous  disease  in  other  parts  of  the  body. 
Usually  this  was  manifested  by  the  presence  of  an  abnormal  conchtion  at  the 
apices  of  the  lungs,  by  the  existence  of  a  pleurisy,  or  by  the  fact  that  there  was 
enlargement  of  several  lymph  nodes.  S^iiiptoms  of  obstruction  of  the  bowels 
were  noted  by  these  observers  particularly  in  the  adhesive  variety  of  the  disease. 
This  was  made  manifest  not  onh'  b}'  such  s^miptoms  as  vomiting  or  constipation 
or  the  inability  to  expel  gases,  but  objectively  by  the  character  of  the  distention 
of  the  abdomen.  In  about  one-third  of  the  cases  there  was  free  ascites, — i.e., 
the  fluid  shifted  with  the  movements  of  the  body. 

Blood  examinations  were  made  in  96  of  the  122  cases  reported  by  Stone. 
In  58  a  leucoc}i:e  count  of  10,000  or  less  was  observed,  in  21  the  leucoc}i:osis 
ranged  from  10,000  to  14,000,  in  the  remaining  17  it  varied  from  1-4,000  to 
40,000.  In  the  case  in  which  the  highest  count  was  made  there  was  no  fluid, 
but  there  were  mmierous  intestinal  ulcerations.  In  a  case  presenting  a  leucoc}i:e 
count  of  28,000  there  was  a  rapidly  developing  abscess.  In  one  of  27,000  there 
had  been  an  acute  attack  of  vomiting  and  diai'rhcea.  In  one  case  in  which  there 
vras  a  leucoc>i;osis  of  22.000,  there  was  but  little  fluid  in  the  abdomen  but  marked 
tenderness  about  the  Fallopian  tubes;  vdiile  in  another  which  had  the  same 
coimt  the  stools  contained  blood.  In  a  case  wdth  a  leucoc^-te  count  of  21,000 
the  right  tube  was  filled  with  foul  pus,  and  the  same  was  true  in  two  other  cases 
— one  with  a  leucocyte  count  of  20,000  and  the  other  with  a  count  of  18,000. 
These  obser^^ations  led  Stone ^"^  to  conclude  that  a  high  leucoc}i:e  count,  associated 
with  tuberculous  peritonitis,  indicates  the  presence  of  sepsis  in  some  form,  and 
that  in  non-septic  cases  the  tuberculous  process  is  attended  vdih  a  low  count. 
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In  about  one-half  of  the  cases  occurring  in  women  there  were  found  either  fixation 
of  the  uterus  and  a  dense  mass  in  the  Douglas  cul-de-sac  or  parametric  changes 
associated  with  diseased  adnexa. 

Examination  of  the  urine  occasionally  discloses  the  presence  of  albumin. 
In  about  one-fifth  of  all  cases  there  is  an  increase  in  indican.  Very  rarely, 
tubercle  bacilli  are  found  in  the  urine.  They  are,  however,  quite  frequently 
discovered  in  the  stools. 

In  a  case  reported  by  Gelpke,^^  in  which  there  was  found,  in  the  upper  part 
of  the  abdomen,  a  collection  of  pus  which  broke  spontaneously  through  the 
navel,  a  post-mortem  examination  showed  that  the  disease  had  been  dependent 
upon  the  presence  of  two  irregular  perforating  tuberculous  ulcers  at  the  pyloric 
end  of  the  stomach.     Similar  cases  have  been  reported  by  Strappler^°  and  Cone.^^ 

Diagnosis. — The  diagnosis  of  tuberculous  peritonitis  is  not  always  easily 
made.  It  is  essential  to  study  the  previous  history  of  the  patient.  Evidence 
of  pre-existing  tuberculous  disease  in  other  parts  of  the  body  may  be  of  marked 
service,  not  only  in  determining  the  nature  of  a  doubtful  case,  but  also  as  in- 
dicating the  site  of  the  primary  tuberculous  focus.  It  becomes  necessary, 
therefore,  to  investigate  the  cause  of  such  existing  symptoms  as  cough,  diarrhoea, 
menstrual  derangements,  or  manifestations  suggesting  pelvic  disease.  During 
the  latent  period  which  so  frequently  precedes  the  outbreak  of  acute  symptoms 
it  will  usually  be  impossible  to  make  a  diagnosis,  because  of  the  absence  of 
any  characteristic  signs.  Not  until  the  abdomen  presents  positive  evidence  of 
invasion-  would  one  be  justified  in  suggesting  a  diagnosis  of  tuberculous  perito- 
nitis.    Nor  is  its  differentiation  even  then  a  simple  matter. 

The  first  case  successfully  operated  upon  by  Spencer  Wells,  to  which  reference 
has  already  been  made,  was  in  a  woman  who  was  thought  to  have  an  ovarian  cyst. 
This  mistake  frequently  occurs,  especially  when  the  ascitic  fluid  becomes  en- 
cysted. Other  forms  of  abdominal  tumors  have  been  presumed  to  exist  until 
an  incision  of  the  abdomen  has  disclosed  tuberculous  peritonitis.  Gelpke  ^ 
reports  the  case  of  a  twelve-year-old  boy  in  whom  a  tumor  the  size  of  a  fist  had 
formed  below  the  umbiHcus.  Sarcoma  was  suspected;  but  the  tumor  was  found 
to  be  made  up  of  a  mass  of  tuberculous  omentum  and  intestines.  In  another 
instance  Gelpke  had  diagnosticated  myoma  of  the  uterus,  but  a  tuberculous 
tumor  was  found  in  that  case  also.  Briddon^^  records  a  case  of  tuberculous 
peritonitis  in  w^hich  the  diagnosis  had  seemed  to  rest  between  a  tumor  of  the 
omentum  and  an  enlarged  floating  kidney.  Holmes  ^^  and  Eisendrath  ^*  report 
instances  in  which  this  condition  had  been  diagnosticated  as  hydronephrosis. 
Treves,^^  in  an  interesting  paper,  mentions  the  fact  that  tuberculous  peritonitis 
has  mimicked  cyst  of  the  liver,  tuberculous  kidney,  appendicular  abscess,  internal 
hernia,  and  fibroma  and  sarcoma  of  the  abdominal  wall.  One  of  our  own  cases, 
which  occurred  in  a  man  sixty  years  of  age,  presented  a  history  of  having  had 
early  in  life  pulmonary  hemorrhages,  and,  upon  physical  examination  of  the  chest, 
the  existence  of  an  old  but  latent  tuberculous  process  was  recognized  at  the 
apex  of  one  of  his  lungs.  There  were  marked  ascites,  moderate  fever,  and  alter- 
nating diarrhoea  and  constipation.     The  omentum  was  retracted  and  drawn  to 
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the  upper  portion  of  the  abdomen.  After  an  incision  had  been  made  and  a  vent 
had  been  provided  for  the  ascitic  accumulation,  innumerable  nodules,  apparently 
tuberculous  in  character,  were  found  covering  the  parietal  peritoneum  and  the 
intestines  as  well  as  structures — such  as  the  gall-bladder  and  the  stomach- 
in  the  upper  part  of  the  abdomen.  A  piece  of  omentum  having  been  cut  out  and 
subjected  to  microscopic  examination  it  was  ascertained  that  the  case  was  one 
of  peritoneal  carcinosis.  The  subsequent  clinical  course  verified  the  diagnosis. 
In  this  class  of  cases  a  positive  diagnosis  can  be  made  only  by  the  pathologist. 

As  a  rule,  the  tubercles  are  found  to  be  miliary  in  size.  Thoenes  ^*  reports 
an  unusual  case  in  which  the  nodules  were  as  large  as  hazelnuts.  The  macro- 
scopic diagnosis  w^as  sarcoma.  Miscroscopic  examination,  however,  showed 
the  condition  to  be  tuberculous. 

Tuberculous  retroperitoneal  lymph  nodes  have  also  been  mistaken  for 
malignant  tumors  of  the  stomach,  intestines,  gall-bladder,  and  kidneys.  The 
Thoma3'er  ^^  sign  (page  536)  may  be  helpful,  as  most  of  the  malignant  tumors  in 
the  upper  part  of  the  abdomen  are  found  to  the  right  of  the  median  line,  while 
the  tuberculous  omentum,  when  contracted,  occupies  a  site  to  the  left. 

Tuberculous  ascites  is  usually  of  more  rapid  development  than  is  an  ovarian 
tumor.  Cirrhosis  of  the  liver,  as  has  been  stated,  may  appear  as  a  complication 
of  tuberculous  peritonitis.  When  occurring  as  a  result  of  the  ordinary  form  of 
cirrhosis  the  ascitic  accumulation  is  of  darker  color  than  that  found  in  tuber- 
culous conditions,  the  color  being  brown  in  the  cirrhotic  disturbance  and 
usually  light  yellow  in  tuberculous  peritonitis.  Moreover,  in  the  latter  affection 
the  ascitic  effusion  may  be  bloody  or  purulent.  However,  it  is  essential,  in 
differentiating  between  these  two  conditions,  that  a  careful  survey  of  the  history 
and  the  entire  clinical  picture  be  made. 

Occasionally  the  disease  has  been  mistaken  for  typhoid  fever.  In  one  of 
our  own  cases  this  question  was  raised,  and  a  differentiation  was  made  by 
injecting  tuberculin  hypodermically.  The  reaction  following  its  use  was  ex- 
ceedingly violent  and  almost  proved  fatal  to  the  patient.  In  the  end,  however, 
it  was  helpful,  as  she  proceeded  to  recovery  without  operation.  The  ascitic 
fluid  has  been  used  to  inoculate  animals  for  the  purpose  of  diagnosis.  Such  a 
series  of  investigations  was  instituted  by  Gelpke,^^  but  it  was  found  that,  even 
in  cases  which  were  undoubtedly  tuberculous,  injections  into  guinea-pigs  and 
rabbits  were  more  often  negative  than  positive  in  their  results.  Borchgrevink 
found  that  inoculations  with  material  taken  from  excised  tuberculous  masses 
were  more  apt  to  yield  positive  results.  Out  of  eleven  cases  operated  upon, 
there  were  five  in  which  the  character  of  the  disease  was  positively  demonstrated 
by  inoculation.  The  ascitic  fluid,  after  being  withdrawn,  has  frequently  been 
used  for  the  production  of  growths  upon  agar  or  in  bouillon,  but,  even  when  the 
material  used  was  taken  from  subjects  who  subsequently  succumbed  to  the 
disease,  the  result  frequently  proved  negative. 

Recently  tuberculin  has  been  used  in  various  ways  for  the  purpose  of  making 
a  positive  diagnosis.  In  our  experience  we  have  occasionally  obtained  positive 
reactions  after  employing  the  method  of  Calmette.     Stone  ^^  injected  tuberculin 
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in  thirty-one  of  his  Massachusetts  Genera/  Hospital  cases.  Five  did  not  react; 
two  were  doubtful;  and  in  one  there  was  no  report.  Two  of  the  five  not  reacting 
were  found  to  have  extensive  peritonitis.  In  the  other  cases  no  operation  was 
performed. 

Prognosis.— In  an  address  delivered  before  the  Chicago  Surgical  Society 
in  October,  1903,  Murphy  ^^  quoted  the  opinions  of  many  surgeons,— mostly 
German,  however, — to  the  effect  that  at  that  date  unfavorable  views  were  held 
by  them  as  to  the  result  of  the  surgical  treatment  of  tuberculous  peritonitis. 

Czerny,^^  discussing  the  surgical  procedure  recommended  by  Koenig,  ex- 
pressed himself  thus:  "As  tuberculous  peritonitis  never  occurs  as  a  primary 
affection,  this  manifestation  is  but  a  new  station  in  the  route  of  the  disease  to 
Golgotha ;  and  the  usefulness  of  an  operation  so  little  radical  as  this  is  not  to  be 
understood."  Fortunately,  few  surgeons  prognosticate  so  gloomy  a  future  for 
those  suffering  from  this  diseased  condition. 

It  is  without  doubt  very  difficult  to  express  an  opinion  in  general  terms  as 
to  the  prognosis  when  the  peritoneum  is  involved  in  a  tuberculous  process.  The 
general  as  well  as  the  local  conditions  existing  in  each  individual  case  are  to  be 
carefully  considered.  Since  the  affection  usually  occurs  as  a  secondary  mani- 
festation, the  location  and  extent  of  the  primary  focus  are  important.  Not  less 
so,  however,  is  the  coincident  involvement  of  other  organs,  as  well  as  the  general 
condition  of  the  patient  and  the  degree  of  resistance  which  he  is  able  to  offer. 

If  we  can  be  certain  that  the  tuberculous  invasion  of  the  peritoneum  is  the 
primary  disturbance  and  that  it  is  still  a  localized  process,  the  outcome  should 
be  most  promising.  This  is  apparent  in  those  cases  in  which  it  has  been  unex- 
pectedly discovered  in  patients  during  the  progress  of  an  operation  for  the  cure 
of  hernia.  Moreover,  it  is  now  known  that  in  certain  mild  forms  the  disease  may 
even  heal  spontaneously. 

When  Koenig,  in  1884,  proposed,  as  a  cure  for  tuberculous  peritonitis,  that 
an  incision  be  made  into  the  abdomen,  his  suggestion  was  based  upon  the 
satisfactory  results  which  had  followed  a  similar  procedure  in  the  withdrawal  of 
fluids  from  the  pleural  and  synovial  cavities  when  affected  with  tuberculous 
disease.  In  none  of  these  instances  did  the  effusion  contain  great  numbers  of 
tubercle  bacilli,  and  yet  removal  of  the  fluid  usually  was  followed  by  a  cure.  It 
was  soon  discovered  that  the  presence  or  absence  of  an  effusion  in  the  peritoneal 
cavity  seriously  influenced  the  outcome  of  the  surgical  treatment  of  tuberculous 
peritonitis.  The  cases  in  which  no  fluid  is  present  are  by  most  authorities  re- 
garded as  presenting  a  poorer  prognosis  than  those  which  are  associated  with 
pronounced  ascites.  As  was  stated  under  the  head  of  etiology  the  percentage 
of  recoveries  after  operation  is  larger  in  children  than  it  is  in  adults.  The 
exception  to  this  rule,  however,  will  be  found  in  infants,  in  whom,  as  stated  pre- 
viously, tuberculous  invasion  of  the  peritoneum  is  but  a  part  of  a  general  tuber- 
culosis and  hence  presents  an  almost  hopeless  prognosis. 

In  the  case — that  of  a  child  only  twenty-two  months  old — operated  upon  by 
the  writer,  there  was  scarcely  any  ascitic  fluid,  but  large  masses  of  diseased  lymph 
nodes  were  present  in  the  abdomen.  His  recovery  from  a  most  unpromising  condi- 
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tion  was.  in  a  largo  nioasuiv.  attrihutal^lo  to  tlu'  post-operative  treatniont.  Every 
advantage  was  givt>n  him  in  the  way  of  change  of  ehniate,  excellent  nursing,  and 
close  attention  to  his  physical  wants.  There  is  no  doubt  that  the  prognosis  in 
all  cases  might  be  materially  improved  if  the  same  hygienic,  dietetic,  and  other 
measures  regardetl  as  essential  for  the  treatment  of  pulmonary  tuberculosis 
could  be  enjoyed  by  those  suffering  from  tuberculous  peritonitis. 

Cei-tain  specific  symptoms  are  to  be  considered  in  connection  with  the 
prognosis.  A  pei-sistently  high  temperature  is  suggestive  of  a  mixetl  infection 
and  hence  forebodes  an  unfa^•orable  outcome.  Diarrhoea  associated  with  mucous 
or  bloody  stools  imjilies  intestinal  involvement,  and  hence  is  to  be  regarded  as 
a  serious  manifestation.  Marked  emaciation  indicates  a  weakened  resistance 
and  a  poor  prospect  of  recovery. 

The  possibility  of  tuberculous  disease  being  awakened  in  other  organs  or 
structures  while  the  process  is  active  in  the  peritoneum  is  not  to  be  forgotten. 
Not  infrequently  tuberculous  meningitis  has  been  lighted  up  under  these  con- 
ditions. Symptoms  of  intestinal  obstruction  were  reported  by  Johnson  ^^  as 
having  resulted,  in  a  given  case,  from  the  deposition  of  tubercles  in  certain 
tributaries  of  the  superior  mesenteric  vein. 

In  forecasting  the  future  of  patients  who  have  recovered  from  tuberculous 
peritonitis  one  must  not  lose  sight  of  the  fact  that  the  resulting  adhesions  may 
at  some  time  become  responsible  for  partial  or  complete  obstruction  of  the 
bowels.  Experience  has  taught  that  the  younger  the  patient  the  more  apt  are 
the  exudates  to  be  entirely  absorbed  and  the  less  the  danger  of  trouble  from 
subsequent  adhesions . 

Treatment. — General  Measures. — As  long  ago  as  1864,  Bamberger  spoke  of 
the  spontaneous  cure  of  certain  forms  of  chronic  peritonitis  which  evidently 
were  of  tuberculous  character,  and  he  emphasized  the  importance  of  hygiene 
and  diet  in  their  medical  treatment.  Rest  in  bed  in  the  recumbent  posture, 
to  favor  the  absorption  of  fluid,  and  breathing  pure  air  (to  be  secured  by 
having  the  windows  left  widely  open  or,  better  still,  by  subjecting  the  patient 
to  what  is  knowm  as  the  out-door  treatment)  are  essential.  The  appetite  is  to  be 
stimulated  and  nutritious  food  is  to  be  given  in  abundance.  A  healthful 
climate  or  residence  in  the  mountains  or  at  the  seashore  is  to  be  advised. 
In  a  word,  every  effort  must  be  made  to  improve  the  general  health  of  the 
patient  and  to  increase  his  powers  of  resistance.  Recently  Borchgre^'ink  ^  has 
put  forth  the  claim  that  a  larger  percentage  of  the  cases  of  tuberculous  peri- 
tonitis can  be  cured  by  hygienic,  and  medical  than  by  surgical  means,  and 
Fenger^^  has  asserted  ''that  nature  cures  tuberculosis  of  the  peritoneum  better 
than  does  the  surgeon."  In  a  table  which  has  been  prepared  by  Bircher^  and 
which  includes  two  hundred  and  thirty-four  cases  thus  treated  in  eight  large 
hospitals  in  Europe  and  the  United  States,  it  is  set  forth  that  one  hundred 
were  cured.  These  observations  have  led  to  a  careful  re\'iew,  on  the  part  of 
many  investigator's,  of  the  treatment  of  this  disease,  and  at  the  present  time  our 
ideas  are  undergoing  revision.  A  broader  \'iew  of  the  indications  for  treatment 
is  beinu  taken. 
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It  is  essential,  as  has  been  pi-eviously  stated,  that  it  be  determined,  if  possible, 
whether  the  disease  be  primary  or  whether  its  appearance  in  the  al^domen  be 
secondary  to  another  tuberculous  lesion,  and,  if  so,  where  the  original  focus  may 
be  located.  If  perchance  it  be  seated  in  the  intestines  and  if  the  presence  of 
tuberculous  ulceration  be  surmised,  the  use  of  some  iodine  preparation  internally 
has  been  advised  by  Yeo^°  and  Miserocchi,^*  who  hold  that,  just  as  it  can  be 
demonstrated  that  this  drug  is  eliminated  in  the  excretions  of  the  body,  it  is 
also  probably  secreted  in  the  peritoneal  cavity  in  quantities  sufficient  to  act 
as  an  antitoxin  or  to  serve  as  a  bactericide.  As  much  if  not  more  benefit  is 
secured  from  the  administration  of  some  creosote  preparation.  Our  own 
preference  is  for  guaiacol,  which  has  apparently  been  of  great  service  in  relieving 
the  intestinal  symptoms  as  well  as  in  influencing  favorably  the  general  condition 
of  the  patient.  In  this  class  of  cases  the  regulation  of  the  diet  is  particularly 
essential;  the  latter  should  be  of  a  bland  and  non-irritating  character. 

External  Applications. — Various  applications  to  the  abdomen  have  been 
advised,  but  they  are  of  doubtful  utility.  Knox  ^^  has  seen  marked  improvement 
attend  firmly  strapping  the  abdomen — a  procedure  which  he  employed  for  a 
double  purpose.  In  the  first  place,  it  secures  rest  by  furnishing  mechanical 
support  to  the  abdomen  and  at  the  same  time  restricting  its  movements;  and, 
in  the  second  place,  it  causes  an  exaggeration  of  the  thoracic  movements  and 
induces  aspiration,  whereby  lymphatic  absorption  may  be  increased  and  the 
removal  of  the  fluid  favored. 

Caesar  ^^  reports  the  case  of  a  child  seven  years  of  age  whose  abdomen  was  so 
distended  that  she  could  not  see  her  toes,  but  who,  under  rest  in  bed  and  the 
local  application  of  mercurial  inunction  and  a  firm  flannel  bandage,  was  able, 
in  the  course  of  a  month,  to  run  about.  Except  for  the  presence  of  some 
enlarged  lymph  nodes,  the  child  appeared  to  be  quite  well. 

Serum  Treatment. — Reference  has  been  made  to  the  use  of  tuberculin  for 
diagnostic  purposes.  It  has  also  been  used  therapeutically.  Two  methods 
have  been  employed.  In  the  first,  one  of  the  many  sera  has  been  made  use  of, 
while  in  the  second  a  vaccine  has  been  employed.  A  comprehensive  review  of 
this  subject  appears  in  Maylard's  work,  in  the  chapter  on  Abdominal  Tuberculo- 
sis, which  was  written  by  Hunter. 

Van  Huellen  and  Sonnenberg  ^^  have  called  attention  to  the  wisdom  of  using 
the  anti-tuberculous  serum  of  Marmorek  when  surgical  procedures  have  failed 
to  eradicate  localized  tuberculous  processes.  The  claim  is  made  that,  from  the 
use  of  this  serum,  there  occurs  an  improvement  in  the  general  as  well  as  in  the 
local  condition.  Two  cases  of  tuberculous  peritonitis  were  treated  by  these 
writers  with  this  serum.  In  one  of  the  patients,  whose  condition  was  most  un- 
promising, a  complete  cure,  as  it  seemed,  had  been  effected.  The  other  patient, 
though  improved,  was  still  under  treatment  at  the  time  of  the  pubfication  of  the 
paper.  ■ 

Hunter  reaches  the  conclusion  that  as  yet  the  serum  treatment  for  tuberculous 
disease  cannot  be  recommended.  He  draws  attention  to  the  diiTerence  between 
the  toxin  of  diphtheria  and  that  of  tuberculosis.     The  former  is  a  diffusible 
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toxin  produced  by  a  niicro-organisni  which  is  always  local  in  its  growth;  while 
the  latter  is  endogenous  and  is  probably  liberated  only  when  the  bacillus  dies  or 
comes  in  intimate  contact  with  some  tissue  cell  which  it  proceeds  to  destroy. 
According  to  his  belief,  the  problem  in  tuberculosis  will  be  to  find  an  anti- 
bacterial rather  than  an  antitoxic  substance. 

A  vaccine  is  defined  by  Wright  *^  as  "any  chemical  substance  which,  when  in- 
troduced into  the  organism,  causes  there  an  elaboration  of  protective  substances." 
The  vaccine  is  derived  from  the  bacteria  themselves.  Upon  entering  the  body  it 
unites  with  the  natural  antibacterial  substances  existing  in  the  blood.  The  tu- 
bercle bacilli  are  acted  upon  mainly  b}''  opsonins.  The  opsonic  index,  which, 
in  this  instance,  is  the  measure  of  the  capacity  of  the  blood-serum  to  aid  white 
corpuscles  to  take  up  tubercle  bacilli,  forms  some  measure  of  the  resistance  which 
our  tissues  are  able  to  offer  to  this  organism.  The  tubercle  bacilli  grow  best  in 
people  having  a  low  opsonic  index.  In  treating  a  tuberculous  lesion  it  is  essential 
to  increase  the  opsonic  content  of  the  blood,  and  the  vaccine  used  for  the  purpose 
must  be  antibacterial.  Koch's  ''old"  tuberculin  is  of  little  use,  as  it  contains 
only  soluble  products  of  the  bacilli  and  gives  no  immunity  as  regards  the  action 
of  the  more  important  endogenous  toxins.  This  immunity  is  conferred  by 
Koch's  "new"  tuberculin,  or  "tuberculin  R,"  which  is  made  from  the  dis- 
integrated bacilli  themselves.  It  consists  cf  10  milligrammes  of  the  dried  tubercle 
bacilli  in  1  c.c.  of  a  forty-per-cent  solution  of  glycerin  in  water.  The  doses  range 
from  3  oTo"  to  q^-q-  mg.  The  treatment  demands  much  time,  and  the  estimation 
of  the  opsonic  index  requires  special  education. 

Riviere,^  at  the  annual  meeting  of  the  British  Medical  Association  in  1907, 
discussed  the  value  of  tuberculin  in  the  treatment  of  tuberculous  peritonitis 
in  children.  Under  its  use  nearly  all  of  his  patients  improved  rapidly.  One 
child,  who  was  going  down  hill  for  many  months  under  medical  treatment,  was 
regarded  as  being  beyond  help.  Immediately  after  the  tuberculin  treatment 
was  begun,  she  became  cheerful  and  her  weight  increased  (from  October  to 
the  following  July)  from  twenty-five  to  forty-two  pounds.  In  another  article  *' 
upon  the  same  subject  Riviere  takes  up  the  question  of  dosage,  together  with 
other  details  of  treatment.  He  considers  the  proper  dose,  for  a  child  one  year 
of  age,  to  be  from  j^gooo  ^^  -g-oVo"  ™S-J  fo^'  one  five  years  old,  40-Vo  ^^^S-J  ^^^ 
for  a  child  of  ten  or  twelve,  3-0V0  ™S-  The  injections  are  repeated  at  intervals 
of  two  weeks.  He  beheves  it  to  be  essential,  even  in  administering  the  average 
dose,  to  watch  the  opsonic  index. 

Treatment  by  Means  of  the  X-ray,  etc. — In  a  recent  and  very  exhaustive  review 
of  the  subject  Bircher^  reports  the  result  of  his  experience  with  the  x-rsiy  in  the 
treatment  of  tuberculous  peritonitis.  He  refers  to  the  use,  first  made  by  Finsen, 
of  concentrated  rays  of  sunlight,  and  later  of  the  electric  light,  to  destroy  bacterial 
life  in  the  treatment  of  tuberculosis.  Since  1898  Bircher  has  used  the  Roentgen 
rays,  either  alone  or  in  connection  with  operative  procedures,  in  the  treatment  of 
various  forms  of  tuberculous  peritonitis.  Others  had  used  it  before  with  varying 
results.  At  first,  Bircher  resorted  to  it  only  in  inoperable  cases,  and  in  many 
of  these  the  results  were  remarkable.     He  used  an  instrument  having  110  volts 
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and  two  to  three  amperes,  with  a  maximum  spark-gap  of  500  mm.  He  used 
hard  or  medium-hard  tubes.  The  treatments  were  given  daily  for  from  three 
to  four  weeks,  in  sessions  of  fifteen  to  thirty  minutes,  depending  upon  the 
character  of  the  tube  and  the  endurance  of  the  patient.  If  no  improvement 
followed,  the  treatment  was  interrupted  for  two  weeks  and  then  resumed.  If, 
after  this  resumption  of  the  treatment,  no  improvement  occurred,  it  was  alto- 
gether discontinued.  Of  sixteen  cases  not  cured  by  a  single  laparotomy,  seven 
were  cured  by  the  use  of  the  x-ray ;  five  were  improved ;  and  four  died.  Patients 
reacted  differently  to  the  Roentgen  rays.  For  example,  in  one  case  an  opera- 
tion had  failed  to  give  relief.  The  x-ray  used  for  twelve  weeks  apparently 
did  not  improve  the  situation.  Then  there  followed  a  second  operation,  at  w^hich 
a  ventral  hernia  resulting  from  the  first  operation  was  cured,  and  after  this  the 
patient  made  a  complete  recovery  from  her  tuberculous  disease.  In  another 
case,  the  x-ray  failing  to  give  the  desired  relief,  an  operation  w^as  performed. 
No  improvement  followed  this  procedure,  but,  after  a  second  course  of  seventeen 
days  wdth  the  x-rays,  a  marked  improvement  took  place,  and  the  patient  was 
ultimately  cured  without  further  operation.  In  a  patient  suffering  from  the 
adhesive  variety  of  tuberculous  peritonitis,  operative  treatment  had  been 
attended  with  no  benefit,  but  the  employment  of  the  x-ray  was  followed  by 
great  improvement.  In  cases  in  which  the  disease  was  either  so  mild  as  not  to 
justify  an  operation  or  so  severe  as  not  to  w^arrant  it,  fifty  per  cent  were  cured  by 
this  agent.  In  some  instances  in  which  the  x-ray  was  used  with  benefit  and 
then  discontinued,  the  patient  subsequently  went  on  to  a  complete  cure.  Bircher 
mentions  other  instances  in  which  direct  benefit  attended  the  use  of  the  Roentgen 
rays.  Seemingly  he  has  established,  for  this  therapeutic  agent,  a  definite  place 
in  the  treatment  of  tuberculous  peritonitis.  In  the  adhesive  or  plastic  varieties 
of  the  disease,  in  which  a  surgical  procedure  offers  but  little  encouragement,  the 
use  of  Roentgen  rays  is  indicated  as  prehminary  to,  or  in  many  cases  in  place 
of,  a  surgical  operation.  It  is  also  to  be  advised  for  those  patients  who  are 
extremely  cachectic,  and  in  whom,  consequently,  surgical  intervention  would 
hardly  be  w^arranted.  It  is  suitable  also  for  the  milder  forms  of  tuberculous 
peritonitis.  Subsequently  to  the  operation  the  Roentgen  rays  may  be  used  to 
advantage  in  all  cases  in  which  the  fluid  that  reappears  after  the  operation  shows 
no  disposition  to  disappear,  even  after  the  lapse  of  two  weeks.  The  procedure 
may  be  employed  in  any  case  in  which  there  is  evidence  of  recurrence.  It  can 
be  alternated  with  the  high-frequency  current. 

In  some  of  oiu'  own  cases  we  have  employed  the  Roentgen-ray  treatment  in 
association  with  a  surgical  operation,  and  the  plan  has  proved  of  substantial 
value.  It  has  been  our  practice  to  give  one  x-raj^  treatment  weekly,  a  very  hard 
tube  being  employed  and  the  rays  being  allowed  to  pass  through  a  leather  filter. 
On  the  other  days  of  the  week,  or  on  alternate  days,  high-frequency  treatments 
are  given,  a  vacuum  tube  being  used  for  the  purpose. 

Operative  Treatment. — The  earliest  and  simplest  of  all  surgical  procedures 
is  that  of  tapping  the  abdomen.  Obviously  its  application  was  limited  to  the 
ascitic  cases.     More  recently,  after  the  withdrawal  of  the  fluid  with  a  trocar 
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and  cannula,  various  drug.s,  the  normal  salt  solution,  and  air  or  oxygen  have 
been  introduced  into  the  peritoneal  cavity.  About  1890,  and  for  a  number  of 
succeeding  years,  this  practice  was  strongly  recommended  by  certain  French, 
Italian,  and  \''ienna  surgeons,  and  a  number  of  cures  were  placed  on  record. 
Mader,  of  Menna,  reports  four  cases,  of  which  he  cured  three  by  simple  tapping, 
and  ]\Iosetig-Moorhof,'^*  Nolen,''^  and  Duran  eight  cases,  in  which,  after  the  fluid 
had  been  withdrawn,  the  abdomen  was  inflated  with  sterilized  air,  with  the 
result  of  curing  seven.  Seganti  •^°  claims  to  have  cured  twelve  cases  by  tapping 
and  irrigating  with  normal  salt  solution;  while  Riva,^^  another  Italian  surgeon, 
reports  eleven  cures  by  tapping  and  then  using  sterile  water,  instead  of  the 
normal  salt  solution.  Of  ten  cases  which  had  been  treated  by  the  same  method, 
Baylas  reports  six  cured  and  four  improved.  The  total  number  of  cases 
recorded  as  having  been  treated  along  these  lines  is,  up  to  the  present  time, 
forty-eight,  of  which  forty-one  are  said  to  have  been  cured. 

Carvi  reports  that  he  had  under  treatment,  for  two  months,  a  patient  from 
whom  he  withdrew  daily  from  five  hundred  to  one  thousand  grammes  of  fluid 
with  a  trocar  and  cannula,  and  in  the  end  the  patient  recovered. 

The  treatment  by  tapping  is  based  on  the  assumption  that  the  most  im- 
portant step  is  the  withdrawal  of  the  ascitic  fluid.  This  assumption  is  not 
altogether  warranted.  Moreover,  this  method  is  not  entirely  free  from  danger, 
as  the  risk  of  damaging  the  intestines  is  considerable.  That  tapping  very 
frequently  is  of  no  avail  is  evidenced  by  the  fact  that  many  patients  who  have 
been  previously  so  treated,  subsequently  require  radical  operation.  Thoenes, 
in  a  series  of  thirty-one  cases  in  which  he  performed  laparotomy,  states  that 
eight  had  been  tapped.  In  view  of  the  splendid  results  obtained  by  aspiration 
in  tuberculous  pleurisy,  this  necessary  conclusion  is  very  disappointing. 

The  recurrence  of  ascitic  accumulations  has  led  to  the  recommendation  of 
continuous  drainage  for  the  cure  of  obstinate  cases.  This  procedure  has  also 
been  undertaken  in  advanced  conditions.  Ochsner^^  reports  that  he  operated 
upon  a  married  woman,  twenty-six  years  of  age,  whose  ovaries,  tubes,  and  uterus 
were  embedded  in  a  mass  of  tuberculous  tissue  so  extensive  as  to  ^-ender  the 
removal  of  these  organs  a  hopeless  undertaking.  The  caecum,  small  intestines, 
and  omentum  were  also  matted  together.  Both  the  visceral  and  the  parietal 
peritoneum  were  thickly  studded  with  miliary  tubercles.  Ascitic  fluid  filled  the 
remaining  abdominal  space.  Ochsner  inserted  a  drainage  tube  with  the  hope  of 
giving  the  patient  temporary  relief,  and  then  closed  the  abdominal  wound 
around  the  tube.  The  patient  made  a  slow  recovery,  being  able  to  leave  the 
hospital  in  six  weeks.  In  reporting  the  case,  eleven  years  after  the  operation, 
he  was  able  to  state  that  'Hhe  patient  is  a  strong  healthy  woman  and  has  given 
birth  to  two  healthy  children." 

At  the  International  Congress  held  in  Berlin  in  1890,  Koenig^^  reported  upon 

131  cases  subjected  to  operation  during  the  six  years  which  had  elapsed  since  he 

first  recommended  surgical  treatment.    The  operative  mortality  was  3  per  cent. 

One  hundred  and  seven  of  the  cases,  or  81  per  cent,  terminated  favorably.     Of 

these,  23  were  improved  and  84  (or  64  per  cent)  recovered.     Of  the  latter  num- 
voL.  VII. — 35 
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ber,  54  had  been  under  observation  for  more  than  two  years  after  operation, 
30  of  whom  were  known  to  have  remained  perfectly  well.  It  can  therefore  be 
said  of  these  cases  that  at  least  25  per  cent  had  been  permanently  cured. 

Based  upon  their  surgical  treatment,  these  cases  made  three  groups.  Those 
of  the  first  group  were  treated  by  simple  incision.  In  the  cases  of  the  second 
group  the  abdomen  was  first  opened  and  then,  after  all  of  the  fluid  which  possibly 
could  be  removed  had  been  withdrawn,  various  drugs  or  medicated  solutions 
were  introduced  into  the  peritoneal  cavity.  In  the  third  group  such  diseased 
organs  as  the  ovaries,  tubes,  appendix,  or  intestines,  were  removed. 

Among  the  various  bactericidal  drugs  that  had  been  introduced  into  the 
peritoneal  cavity  were  solutions  of  salicylic  acid,  thymol,  corrosive  sublimate, 
and  carbolic  acid.  In  eighty  of  the  cases  iodoform  had  either  been  dusted  into 
the  abdomen  or  rubbed  into  some  of  the  diseased  structures.  In  fifty  cases  no 
antibacterial  agent  was  used  and  apparently  the  largest  percentage  of  cures 
followed  this  line  of  procedure.  Cures  occurred  in  each  of  the  varieties,  as  well 
as  at  different  stages  of  advancement  of  the  disease.  It  is  therefore  permissible 
to  say  that,  to  each  of  these  methods  of  treatment,  cures  of  the  various  forms  of 
tuberculous  peritonitis  may  be  credited. 

At  the  conclusion  of  his  paper  Koenig,  after  considering  the  factors  which 
had  been  responsible  for  these  results,  states  that  we  are  in  the  presence  of  a 
riddle  which  he  is  unable  to  solve,  and  he  expresses  the  hope  that,  with  frequent 
incision  of  the  abdomen  and  energetic  and  scientific  investigation,  its  solution 
may  some  day  be  reached.  Since  that  date  no  field  of  surgery  has  been  more 
earnestly  subjected  to  investigation  than  has  this,  and  yet  we  are  by  no  means 
prepared  to  give  a  satisfactory  explanation.  A  careful  survey  of  the  subject 
during  the  quarter  of  a  century  which  has  elapsed  since  Koenig  placed  the 
diagnosis  of  tuberculous  peritonitis  upon  a  more  secure  basis,  and  suggested 
for  this  diseased  process  surgical  relief,  justifies  the  assertion  that,  in  properly 
selected  cases,  operative  measures  have  cured  many  cases  pre\'iously  regarded 
as  incurable.  Watson  Cheyne,^*  in  his  Harveian  Lectures  delivered  in  1899, 
makes  this  statement  in  speaking  of  the  operative  treatment  of  tuberculous 
peritonitis:  "All,  even  the  gravest  forms,  show  some  good  results,  and  there 
is  no  form  in  which  we  can  say  that  laparotomy  is  absolutely  useless."  ^Miile 
in  most  cases  we  can  judge  of  the  patient's  recovery  after  operation  only  by  the 
subsec{uent  clinical  course  of  the  case,  in  many  instances  true  anatomical  cures 
have  been  demonstrated^that  is  to  say,  the  disappearance  of  the  tubercles  has 
been  proven  by  a  laparotomy  performed  later  for  the  relief  of  some  other 
condition. 

Various  explanations  of  this  happy  termination  of  the  surgical  procedures 
instituted  have  been  offered.  It  has  been  attributed  to  the  admission  of  sunlight ; 
to  the  antagonism  produced  by  the  admission  of  bacteria  introduced  at  the  time 
of  the  operation;  to  the  irritation  resulting  from  the  manipulations  incident 
to  the  operation;  to  the  alteration  effected  in  the  circulation,  as  a  result  of 
which  the  pressure  upon  the  blood-vessels  and  lymphatics  is  relieved,  the 
activity  of  the  circulation  is  increased,  and  the  process  of  absorption  is  greatly 


TUBERCULOUS  PERITONITIS.  547 

fa^'Ol•ed ;  to  the  production  of  adhesions  and  the  consequent  isolation  of  tuber- 
culous masses;  and,  finally,  to  the  stimulating  effect  of  the  exposure  of  the 
peritoneum  to  the  air. 

It  has  been  noticed  that  in  those  patients  from  whose  abdominal  cavities 
a  large  amount  of  ascitic  fluid  has  been  removed,  the  results  of  the  operation 
are  apt  to  be  particularly  favorable.  Espenscheid  ^°  reports  that  he  had  62 
per  cent  of  operative  cures  in  his  ascitic  cases  as  against  18  per  cent  in  the  dry 
ones.  The  experience  of  other  surgeons  is  given  by  ]\Iurphy  in  the  address 
referred  to  above.  He  presents  the  following  statistics:  "  Margarucci,  250 
operations  in  Italy,  with  85  per  cent  cures;  Von  Krencki,  266  operations,  with 
71.5  per  cent  cures  in  the  ascitic,  61.6  per  cent  in  the  adhesive,  and  75  per  cent 
in  the  encysted  cases;  Thomas,  346  operations,  with  73  per  cent  cures  in  the 
ascitic,  and  57  per  cent  for  both  the  encj^sted  and  the  dry;  Roersch,  358  opera- 
tions, with  70  per  cent  recoveries;  Addosides,  405  operations,  with  75  percent 
recoveries;  and  Hall,  of  Cincinnati,  110  cases,  of  which  only  4  occurred  in 
males  (and  in  them  he  attributed  the  source  of  the  disease  to  the  appendix) 
and  106  in  females  (in  whom  he  found  this  structure  responsible  for  the  condition 
in  but  8).  Ninety-four  of  Hall's  cases  (or  89  per  cent)  are  reported  to  have  made 
symptomatic  cures.  The  claim  put  forth,  therefore,  that  by  incision  the  ascitic 
has  been  converted  into  the  dry  form,  and  that  this  is  a  step  toward  repair,  can 
hardly  be  accepted,  as  the  dr}'  cases  are  generally  regarded  as  presenting  a  more 
unfavorable  prognosis." 

Various  explanations  have  been  offered  to  account  for  the  more  favorable 
outcome  of  operations  in  the  ascitic  cases.  It  has  been  claimed,  for  instance, 
that  the  exudate  possesses  certain  poisonous  properties  which  are  removed  by 
means  of  laparotomy.  Wright  and  Douglas  ^^  found  that  the  ascitic  accumula- 
tion is  sometimes  poorer  in  protective  substances  than  the  patient's  blood,  and 
they  therefore  assume  that  the  evacuation  of  the  old  and  stagnant  lymph  and 
the  transudation  of  new  and  potent  lymph  from  the  blood-vessels  furnishes  the 
probable  explanation  of  the  benefits  attending  the  removal  of  the  ascitic  fluid 
in  tuberculous  peritonitis. 

The  bacteriological  stucty  of  the  ascitic  fluid  has  been  of  much  interest. 
Recent  ascitic  accumulations  have  been  found  usually  free  from  tubercle  bacilli. 
Lauper "  claims  to  have  positivelj^  found  them  in  cases  of  nine  months '  and 
thirty  months'  standing,  as  well  as  in  an  exceptional  case  of  two  months'  dura- 
tion, in  which  there  was  a  coincident  double  pleurisy.  Mayo  ^°  states  that,  where 
the  disease  has  been  of  tubal  origin,  ascitic  effusion  separates  the  fimbriated 
extremity  from  the  surrounding  tissue,  and  that  after  the  fluid  has  been  removed 
adhesions  form  at  the  end  of  the  tube  preventing  re-infection  of  the  peritoneum 
and  limiting  the  process  to  the  pehas. 

Gatti,^*^  as  a  result  of  carefull}^  conducted  animal  experimentation,  has 
demonstrated  that,  after  the  performance  of  a  laparotomy,  there  collects  in  the 
abdomen  a  bloody  serum  which  [)ossesses  bactericidal  and  antitoxic  properties, 
and  that  to  the  presence  of  this  serum  the  cure  is  to  be  attributed.  Watson 
Chejme  ^*  also  accepts  this  view.     In  animals  in  which  he  had  provoked  experi- 
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mental  tuberculous  peritonitis  Gatti  found  that,  if  the  effusion  was  removed 
from  the  abdomen  at  an  early  period  after  its  formation,  the  animals  died; 
whereas,  if  it  was  allowed  to  remain  undisturbed  or  was  removed  at  a  late  period, 
the  animals  recovered.  It  also  appeared,  as  a  result  of  his  studies,  that  the 
presence  of  caseous  tubercles  in  animals  always  foretold  a  fatal  termination. 
It  has  been  demonstrated  that  this  condition  is  by  no  means  so  generally  fatal 
in  the  human  race. 

In  considering  the  treatment  of  tuberculous  peritonitis  it  is  essential  to 
decide  how  long  medical  and  hygienic  measures  are  to  be  continued  and  when  the 
opportune  time  has  arrived  for  surgical  intervention.  To  a  certain  extent 
this  decision  is  influenced  by  the  conditions  existing  in  each  individual  case. 
The  rapidity  with  which  the  disease  is  progressing,  the  general  health  and  vigor 
of  the  patient,  and  the  condition  of  the  other  organs  of  the  body  are  important 
factors  in  determining  this  question.  As  long  as  there  is  any  evident  improve- 
ment medical  treatment  should  be  continued.  If,  however,  after  a  reasonable 
period  of  time  has  elapsed,  the  fever  has  not  abated,  if  emaciation  is  progressing, 
if  the  patient's  strength  is  failing,  and  if  the  ascitic  effusion  shows  no  indication 
of  disappearing,  operative  intei^vention  is  indicated — provided,  of  course,  the 
patient  possesses  the  necessary  degree  of  vigor.  Should  the  patient  improve 
for  a  time,  and  should  then  a  halt  occur  in  his  improvement,  this  course  of  events 
may  likewise  be  regarded  as  an  indication  for  operation.  On  the  other  hand, 
if  the  lungs  or  the  intestines  be  markedly  involved,  an  operation  offers  but 
slight  prospect  of  effecting  an  improvement.  However,  it  has  occurred  to  us, 
as  it  has  to  other  surgeons,  that  the  coincident  involvement  of  the  pleura,  as 
evidenced  by  an  effusion  in  one  or  both  cavities  of  the  chest,  is,  not  only  no  bar 
to  operation,  but  rather  an  inducement  to  operate;  for  the  pleural  effusion  has 
disappeared  after  a  laparotomy  and  has  not  recurred. 

Shattuck  ^2  states  that  if,  after  a  lapse  of  six  weeks,  there  has  been  no  evident 
improvement,  the  time  for  operation  has  arrived.  Cheyne^*-  fixes  this  same 
period  for  the  acute  forms,  but  a  longer  one  for  chronic  cases.  To  early  opera- 
tions Gelpke  "^  takes  exception,  and  he  reaches  this  conclusion  as  a  result  of  his 
own  as  well  as  the  experience  of  many  of  the  German  clinics — those,  for  example, 
of  lindner  and  of  Kocher;  the  Frauenklinik  of  Bonn;  the  Heidelberg  Clinic; 
Runge's  and  Braun's  clinics  at  Goettingen;   and  the  Frauenklinik  of  Tuebingen. 

Lindner  reported  upon  47  operated  cases  in  which  the  duration  of  the  disease 
could  be  determined.  There  were  34  recoveries.  Of  those  patients  who  re- 
covered it  was  known  that  tuberculous  peritonitis  had  existed  in  11  for  less  than 
six  months,  and  in  23  for  a  longer  period.  Of  the  13  who  died,  it  was  known 
that  in  4  it  had  been  present  for  less  than  six  weeks,  and  in  4  for  two  to  three 
months  prior  tD  the  operation.  The  remaining  3  patients  were  operated  upon 
when  the  disease  was  more  than  three  months  old. 

In  the  clinic  of  Kocher,  at  Berne,  the  period  of  existence  of  the  disease 
before  operation  was  known  in  14  cases.  Of  these  patients  10  were  cured, 
9  of  them  having  suffered  for  periods  varying  from  six  months  to  four  and  one- 
half  years,  while  in  only  one  had  the  disease  been  present  for  only  seven  weeks. 
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This  patient  had  marked  ascites  as  well  as  a  double  pleurisy.  The  4  who 
died  included  one  case  of  three  weeks'  and  another  of  five  or  six  weeks' 
duration.  In  the  remaining  2  the  disease  had  been  present  six  months.  In 
one  of  these  patients  the  serum  found  was  turbid  and  curdy,  and  the  intestines 
were  matted  together,  while  in  the  other  the  serum  was  bloody,  many  large 
caseous  masses  were  present,  and  the  intestines  were  matted  together.  The 
latter  patient  also  had  pulmonary  tuberculosis. 

The  Frauenklinik  of  Bonn  had  a  record  of  16  cases  with  a  known  duration. 
Of  these  patients  11  died  and  only  5  made  a  recovery.  In  one  of  the  latter 
patients  the  disease  had  been  present  three  months,  in  two  others  it  had  been 
present  four  months,  in  the  fourth  patient  it  had  been  present  six  months  and 
in  the  fifth  nine  months.  Of  the  11  who  died,  6  had  suffered  from  tuberculous 
peritonitis  for  less  than  three  months  and  none  longer  than  six  months.  Some 
of  them  were  advanced  in  years  and  others  had  pulmonary  complications. 

At  the  Heidelberg  clinic  there  were  24  cures  out  of  36  cases  with  a  known 
history.  In  5  of  the  latter  the  disease  had  existed  less  than  three  months, 
in  2  for  a  period  of  three  months,  in  1  four  months,  and  in  the  remaining  16 
for  periods  longer  than  six  months.  Of  the  12  patients  who  died  9  had  been 
afflicted  with  tuberculous  peritonitis  for  a  period  shorter  than  two  months.  In 
the  others  it  had  existed  three  months;  one  of  the  patients  dying  of  hemor- 
rhage due  to  haemophilia,  w^hile  each  of  the  remaining  two  had  pulmonary 
tuberculosis. 

From  Runge's  clinic  at  Goettingen  there  are  reported  16  cases,  with  8 
recoveries  and  8  deaths.  Of  the  8  who  died  after  the  operation,  the  disease 
is  said  to  have  been  present  in  7  for  a  period  of  seven  weeks  or  less,  and  in 
the  eighth  for  only  three  months;  while,  of  the  8  who  recovered,  only  2  were 
operated  upon  early. 

From  the  clinic  of  Braun  at  Goettingen  there  are  reported  28  cases  in  which 
the  duration  is  recorded.  Seventeen  of  these  patients  recovered.  One  of 
the  latter  was  a  boy  of  twelve  who  was  enormously  ascitic,  although  the  dis- 
ease had  existed  but  six  and  one-half  w^eks.  Two  others  had  a  history  of 
about  two  months'  illness.  In  7  the  disease  had  existed  for  from  three  to 
four  months;  in  4,  from  six  to  seven  months;  in  2,  for  one  year;  and  in 
1,  for  from  two  to  three  years.  In  the  9  who  died  the  disease  was  known 
to  have  existed  in  no  case  longer  than  seven  weeks,  and  in  some  for  only  about 
two  weeks. 

The  Frauenklinik  of  Tuebingen  was  able  to  report  on  27  operative  cases 
in  which  the  duration  of  the  disease  was  known.  Of  these  patients,  11  were 
cured  and  16  died.  Of  those  cured,  5  had  tuberculous  peritonitis  for  four  months 
or  less,  while  in  the  remaining  6  the  duration  of  the  disease  was  given  as 
ranging  from  seven  and  one-half  to  eighteen  months.  Of  the  16  who  died,  10 
were  known  to  have  had  the  disease  for  a  period  of  two  months  or  less,  and  in 
but  4  had  it  been  present  for  from  six  months  to  a  year. 

The  experiences  narrated  in  the  preceding  paragraphs  apparently  justify  the 
conclusion  that  early  operation  for  tuberculous  peritonitis  is  contra-indicated. 


550  AMERICAN  PRACTICE   OF  SURGERY. 

It  seems  certain  that  the  best  results  are  obtained  when  the  manifestations  have 
become  stationary,  and  that  they  are  never  so  good  if  surgical  treatment  be 
instituted  while  the  process  is  acute.  Nature  should  be  given  an  opportunity 
to  erect  her  own  protective  barriers.  These  results  are  entirely  in  accord  with 
those  obtained  by  Gatti'^*'  in  his  animal  experimentation,  to  which  reference 
has  previousl}^  been  made. 

Technique  of  the  Operation. — The  usual  incision  is  through  the  abdominal 
wall,  although  Condamin  and  Lohlein  recommend  operating  through  the  vaginal 
vault.  They  claim,  in  favor  of  this  procedure,  that  there  is  less  danger  of  in- 
fection, that  there  is  no  liability  to  the  production  of  a  ventral  hernia,  that 
there  is  less  shock,  and  that  recovery  follows  more  promptly.  Seven  cases  WTre 
operated  upon  by  them,  with  four  recoveries.  Baumgart"  has  expressed  the 
same  view  with  regard  to  this  procedure;  and  yet  it  has  few  advocates. 

The  abdominal  incision  is  usually  carried  through  the  median  line.  Care 
should  be  exercised,  in  cases  in  which  adhesions  are  present,  to  avoid  damaging 
the  intestines,  and  the  aim  should  be,  in  every  case,  to  enter  the  free  peritoneal 
cavity.  Stone  ^^  mentions  three  cases  as  having  sustained  rupture  of  the  in- 
testines in  the  course  of  operation.     Many  surgeons  have  had  similar  experiences. 

The  operation  originally  suggested  by  Koenig  ^  consisted  in  making  a  simple 
incision,  evacuating  the  fluid,  and  closing  the  abdomen  without  drainage.  Soon 
afterward,  however,  many  additions  to  this  simple  procedure  were  suggested. 
The  abdominal  cavity  was  flushed  with  medicated  solutions,  normal  salt 
solution,  and  sterile  water.  Mikulicz  was  the  first  to  attribute  to  iodoform 
bactericidal  properties  in  tuberculous  affections  and  to  apply  this  drug  to  the 
affected  areas  in  tuberculous  peritonitis.  For  a  number  of  years  the  majority 
of  surgeons  followed  this  practice,  but  experience  has  shown  that  the  cases  do 
fully  as  well,  if  not  better,  without  the  use  of  irrigation  or  the  introduction  of 
drugs  into  the  abdomen.  .  Drainage  was  also  practised  for  a  time  by  many 
surgeons  in  the  ascitic  cases ;  but  this  procedure  is  not  without  its  dangers.  It 
favors  septic  infection  and  may  lead  to  intestinal  ulceration  and  the  subsequent 
production  of  a  fecal  fistula,  or  be  responsible  for  a  lasting  tuberculous  sinus. 
For  these  reasons  the  use  of  drains  has  been  practically  abandoned,  except  in 
such  rare  instances  as  the  case  of  Ochsner,"  previously  mentioned. 

Surgeons  are  divided  in  their  views  as  to  the  necessity  of  instituting  simple 
or  extensive  procedures  to  obtain  a  cure.  W.  J.  Mayo  ^"  expresses  himself  as 
being  in  favor  of  radical  procedures.  He  states  that  cases  treated  by  incision 
alone  at  his  hands  frequently  did  not  remain  well;  that  they  returned  to  him 
suffering  either  from  relapse  of  the  peritoneal  affection  or  from  some  other  form 
of  tuberculous  infection.  Some  returned  as  many  as  four  or  five  times.  Failure 
to  cure  by  simple  laparotomy  induced  him  to  undertake  extensive  operations — 
in  some  cases  even  hysterectomy.  The  subsequent  examination  of  the  organs 
removed  did  not  justify  these  extreme  measures.  This  has  also  been  the  ex- 
perience of  the  German  surgeons.  In  many  cases  the  tuberculous  process  causes 
extensive  matting  together  of  the  pelvic  organs  and  they  become  so  buried  in  a 
mass  of  exudate  as  to  be  practically  unrecognizable.     To  attempt  their  enuclea- 
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tion  would  be  to  incur  great  risk  of  rupturing  intestines,  not  to  speak  of  the 
ultimate  formation  of  incurable  tistuhv. 

^Iiu'phy  -^  was  perhaps  the  first  American  surgeon  to  lay  stress  upon  the 
association  of  tuberculous  peritonitis  and  salpingitis.  He  emphasized  the  fact 
that  repeatedly  he  had  found  tuberculous  ulcerations  of  the  mucous  surfaces 
lining  the  Fallopian  tubes,  in  which  channels  practically  a  fomi  of  lupus  had  been 
established.  He  became  a  strong  advocate  of  the  genital  origin  of  tuberculous 
peritonitis  in  woman  and  of  the  necessity  of  performing  salpingectomy  for  its  cure. 

Mayo  ^*'  states  that  in  twenty-six  cases  he  has  been  able  to  enucleate  tuber- 
culous Fallopian  tubes  coexisting  with  tuberculous  peritonitis,  and  that  each 
time  he  found  the  site  of  the  most  extensive  peritoneal  involvement  to  be  nearest 
them.     It  is  held  that  sterilit)^  is  the  rule  after  tubal  tuberculosis. 

Gelpke  -'  sums  up  his  experience  with  this  condition  as  follows: — One  married 
woman  remained  sterile;  two  who  were  unmarried  became  amenorrha?ic ;  and 
three,  in  whom  presumably  this  form  of  disease  existed,  continued  to  menstruate 
normally.  Hegar  calls  attention  to  the  fact  that  infantile  genitalia  are  fre- 
quently found  in  women  who,  in  their  childhood,  had  tuberculous  peritonitis. 

The  surgeons  who  are  opposed  to  the  efforts  at  radical  removal  of  the  stmct- 
iires  involved  in  the  tuberculous  process,  maintain  that,  since  simple  laparotomy 
has  led  so  frequently  to  permanent  cures  in  cases  where  the  peritoneum  was 
found  studded  with  mj-riads  of  tubercles  and  the  omentum  converted  into  a 
hard  tuberculous  mass,  there  is  no  reason  to  doubt  the  recuperative  power  of 
nature  to  overcome  a  relatively  insignificant  condition  like  a  tubal  invasion. 

Between  the  conflicting  and  extreme  views  held,  on  the  one  hand,  by  those 
w^ho  are  advocates  of  a  simple  surgical  procedure,  and,  on  the  other,  bj^  those 
who  favor  an  attempt  to  remove  radically  what  is  apparently  the  primary  focus, 
there  must  be  a  middle  course.  After  one  has  entered  the  abdominal  cavity 
and  has  given  vent  to  the  ascitic  accumulation,  one  should  inspect  the  appen- 
dicular region,  in  the  male,  and  this  region  as  well  as  the  Fallopian  tubes,  in  the 
female.  If  it  be  found  possible,  without  risk  of  damaging  the  intestines  or 
other  structures,  to  remove  these  diseased  parts, — the  fact  of  their  being  diseased 
ha^ing  first  been  established, — this  should  unquestionably  be  done.  If,  how- 
ever, they  are  found  to  be  firmly  embedded,  and  if,  consequently,  their  removal 
would  prove  a  matter  of  great  difficulty,  it  is  undoubtedly  wiser  not  to  attempt 
their  enucleation.  Fatal  septic  peritonitis  has  been  awakened  in  many  cases 
by  such  efforts,  while,  in  those  who  recovered  from  the  operation,  fecal  fistulae, 
as  has  already  been  stated,  have  frequently  been  established,  and  these  fistulae 
either  terminated  in  a  fatal  issue  or  became  the  source  of  much  discomfort  and 
annoyance.  The  dry  variety  of  tuberculous  peritonitis  is  particularly  favorable 
to  the  formation  of  such  fistulse.  That  they  are  easily  produced  is  evident 
from  the  facts  that  Albert  caused  one  by  simply  scraping  the  peritoneum  and 
Koenig  another  by  merely  rubbing  iodoform  into  an  infected  area. 

The  recurrence,  after  operation,  of  manifestations  which  indicate  beyond 
a  doubt  that  the  pathological  process  is  still  active,  does  not  necessarily  imply 
that  the  case  is  bevond  aid.    It  is  here  that  the  Roentgen- rav  treatment,  asso- 
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ciated  with  hygienic  measures,  proves  helpful.  The  failure  to  cure  a  given  case 
by  a  single  operation  does  not  preclude  further  operative  procedures,  provided 
the  patient's  condition  warrants  them.  D'Urso  ^^  operated  upon  one  case  four 
times  in  the  course  of  nine  months,  and  in  the  end  a  perfect  recovery  rewarded 
his  efforts.  Galvani  ^^  is  a  most  earnest  advocate  of  this  procedure.  Murphy  -^ 
has  collected  the  records  of  seventy  recurrent  operations.  In  one  case  it  was 
noUid  that,  at  the  first  operation,  the  abdominal  end  of  one  Fallopian  tube  and 
the  neighboring  peritoneum  were  studded  with  tubercles,  and  that,  at  the  second 
operation,  the  same  condition  was  present  on  the  opposite  side,  while  the  first 
was  found  to  have  healed  completely. 

Subsequent  laparotomies  performed  for  other  conditions  furnish  an  oppor- 
tunity for  studying  the  results  of  the  surgical  treatment  of  tuberculous  peritoni- 
tis. Israel  found  that  nodules  of  the  size  of  cherry  pits  had  disappeared  thirty- 
six  days  after  the  operation.  Catinari  found  the  peritoneum  perfectly  smooth 
two  months  after  the  first  operation;  Herzfeld^^  found  two  cases  cured— one 
eight  months,  the  other  four  and  one-half  years  afterward,  and  Thoenes^^ 
three  cases  cured,  four,  eight,  and  eleven  years  respectively  after  the  operation. 
Jordan  ^^  collected  ten  cases  in  which  an  absolute  anatomical  cure  could  thus 
be  demonstrated,  and  in  addition  four  instances  of  patients  dying  of  other 
conditions,  in  whom  the  tuberculous  peritonitis  w^as  found  healed  at  the  autopsy. 

The  prospect  for  a  cure,  in  the  adhesive  variety  of  tuberculous  peritonitis, 
is  not  so  promising.  It  is  in  these  cases,  particularly,  that  great  care  should  be 
exercised  not  to  injure  the  walls  of  the  intestines.  Localized  accumulations  of 
fluid  may  be  emptied,  but  no  attempt  should  be  made  to  remove  the  cyst  walls. 

Any  form  of  tuberculous  invasion  of  the  peritoneum  may  develop  a  mixed 
infection  and  become  septic.  When  this  state  of  affairs  exists  surgery  is 
usually  of  doubtful  utility.  Some  surgeons  have  expressed  the  opinion  that 
medical  treatment  along  the  lines  previously  indicated  affords  a  better  outlook 
than  does  surgical  intervention.  If  operation  be  undertaken  the  procedure 
should  be  an  extremely  conservative  one.  The  danger  of  damage  to  the  in- 
testine must  never  be  lost  sight  of,  and  no  attempt  to  remove  septic  masses 
should  be  made  if,  in  the  endeavor  to  accomplish  this,  the  separation  of  these 
masses  is  not  very  easily  accomplished.  Even  the  introduction  of  drainage,  in 
this  class  of  cases,  may  be  followed  by  serious  consequences.  Murphy  ^^  reports 
the  case  of  a  young  woman  whose  disorder  had  been  diagnosticated  as  typhoid 
fever.  Below  the  level  of  the  umbilicus,  the  abdomen  was  dull ;  nodular  masses 
could  be  felt  in  the  cul-de-sac.  Upon  opening  the  abdomen  he  entered  a  pus 
cavity.  No  intestines  were  in  sight..  He  removed  the  Fallopian  tubes  and 
placed  both  gauze  and  tube  drainage,  which  were  removed  on  the  fourth  day. 
The  fever  disappeared  after  the  operation,  but  soon  returned,  and  the  patient 
died  some  weeks  later.  Murphy  is  of  the  opinion  that,  had  he  not  drained,  the 
patient  might  have  recovered. 

When,  in  the  course  of  an  operation  upon  a  patient  belonging  to  this  class 
of  cases,  the  intestines  are  ruptured,  the  suture  of  the  rent  is  usually  of  little 
avail.     In  the  course  of  a  few  days  the  line  breaks  down  and  the  fseces  are  dis- 
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charged  freely  through  the  wound,  or  a  general  peritonitis  follows.  Enterec- 
toniy  has  been  i)(>rfonned  under  these  conditions,  and  while,  in  rare  cases,  it  has 
been  helpful,  most  surgeons  have  ft)un(l  it  useless. 

Occasionally  patients  have  been  operated  upon  at  a  time  whe;i  the  disease 
had  already  advanced  too  far  to  warrant  the  use  of  a  general  anaesthetic.  Abbe  *^ 
presented  to  the  New  York  Surgical  Society,  at  its  meeting  on  Feb.  24th,  1897, 
a  woman,  twenty-five  years  of  age,  upon  whom  he  had  operated  eight  months 
before  for  tuberculous  peritonitis.  The  disease  had  existed  six  months  at  the 
time  of  operation.  She  had  been  tapped  twice.  She  had  become  cjuite  emaci- 
ated and  had  a  cough;  her  respirations  were  labored  and  rapid;  there  was 
pleural  effusion,  and  the  abdomen  was  greatl}^  distended  with  ascitic  fluid.  An 
incision,  three  inches  in  length,  was  made  under  cocaine  anaesthesia,  the  ascitic 
effusion  was  evacuated,  and  the  abdomen  was  flushed  with  a  saline  solution. 
Her  convalescence  advanced  rapidly  and  apparently  her  recovery  was  complete. 
She  had  gained  twenty-five  pounds  in  weight. 

Tuberculous  sinuses  have  always  offered  an  obstinate  resistance  to  treat- 
ment. Recently  Beck''^  has  suggested  a  new  method  for  curing  them.  It 
consists  in  the  injection  of  the  sinuses  with  a  paste  which  is  composed  of  bismuth 
suspended  in  vaseline,  and  which  may  be  rendered  firmer  by  the  addition  of 
other  ingredients.  In  the  early  treatment  he  recommends  that  33  parts  of 
bismuth  be  added  to  67  parts  of  vaseline,  brought  to  a  melting  point,  and  then 
gently  injected  after  the  mouth  of  the  sinus  has  been  purified  with  95-per-cent 
alcohol.  For  use  at  a  later  period  he  advises  that  the  preparation  be  made  of 
30  parts  of  bismuth,  5  parts  each  of  white  wax  and  paraffin  (120°  melting  point), 
and  60  parts  of  vaseline.  These  mixtures  are  not  permanent  and  must  be 
warmed  each  time  before  they  are  used.  The  injections  aire  repeated  as  often 
as  the  conditions  present  in  each  case  may  indicate.  An  ordinary  glass  urethral 
syringe  is  used  for  these  injections. 
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ABDOMINAL   HERNIA. 

Bij   E.  WYLLYS  ANDREWS,   M.D.,   Chicago,   Illinois. 


General  Considerations. 

In  a  wide  sense  the  word  "hernia"  includes  protrusions  of  all  organs  from 
their  cavities,  as  of  the  brain  from  the  skull,  of  the  lung  from  the  chest,  and  of 
the  synovial  membranes  from  a  joint. 

The  hernias  of  the  abdomen  are  so  distinct  a  class  of  affections  as  almost  to 
monopolize  the  use  of  the  term. 

In  physical  characteristics  the  abdomen  differs  from  all  other  cavities  of  the 
body.  Its  walls  are  more  flexible  and  elastic,  its  contents  more  movable,  and 
its  natural  orifices  more  numerous  and  less  protected.  It  is  opened  more  often 
by  accident  or  design,  and  as  a  result  weak  points  in  its  contour  are  left,  and  it 
is,  to  a  greater  extent  than  other  cavities,  subject  to  yielding  of  its  walls  under 
internal  pressure.  Its  circumference  and  its  floor,  as  well  as  its  roof,  are  not 
only  passively  movable,  but  in  constant  active  motion.  The  largest  blood- 
vessels, as  well  as  the  largest  digestive  canals,  pass  through  one  or  more  of 
these  constantly  moving  walls,  which  at  the  same  time  hold  back  the  air-  and 
fluid-containing  hollow  viscera  from  making  their  escape. 

A  difficult  mechanical  problem  is  presented  in  making  these  various  outlets 
and  inlets  of  the  closed  abdomen  ample  in  size,  flexible  in  movement,  and  safe 
against  escape  under  pneumatic  and  hydrostatic  pressure.  Yet  this  is  what 
nature  accomplishes  in  connection  with  the  diaphragm,  the  duodenal  fossa,  the 
urachus,  the  pelvic  floor,  the  inguinal  canals,  and  the  outlets  of  the  femoral 
vessels. 

It  should  rather  excite  our  wonder  that  failure  to  withstand  the  strains  upon 
the  abdomen  do  not  more  often  cause  giving  way  of  its  walls,  than  that  yield- 
ing is  only  occasionally  met  with. 

It  is  becoming  more  apparent  that  either  congenital  deficiency  or  the  effects 
of  wounds  is  present  in  a  large  proportion  of  all  hernias  of  the  abdomen, 
so  that  we  may  well  say  that  the  normal,  well-developed  abdomen  (Fig.  196) 
rarely  fails  in  its  function  of  retaining  its  contents  perfectly.  The  large  part 
played  by  congenital  defect  (Fig.  197),  and  the  relatively  small  part  by  trauma 
are  matters  which  are  now  well  understood;  but  this  is  less  true  of  the  rarer 
forms  of  hernia — ventral,  diaphragmatic,  lumbar,  ischiatic,  etc. — than  of  the 
commoner  inguinal  and  femoral  varieties. 

The  fluid-  and  air-filled  viscera  of  the  abdomen  behave  like  free  air  or 
fluid,  exerting  their  hydrostatic  and  pneumatic  pressure  almost  equally  in  all 
directions.     Hence  they  tend  to  protrude  through  nearly  every  side  and  corner 
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of  the  belly— upward  through  its  roof,  the  diaphragm;  downward  through  its 
floor,  the  pelvis;  backward  through  the  loin;  forward  between  the  recti  or 
through  the  umbilicus;  along  the  line  of  all  its  natural  orifices,  and  into  all  the 
folds  and  loops  of  its  mesenteric  attachments.  This  gives  rise  to  a  large  variety 
of  anatomical  forms  of  hernia,  many  of  which  are  of  minor  cHnical  importance 
because  rarely  seen,  while  others  are  so  common  as  to  make  up  nearly  all  re- 
lated clinical  experience. 

The  main  value  of  a  study  of  the  rare  and  obscure  forms,  especially  of  internal 
or  concealed  varieties,  is  to  aid  in  the  differential  diagnosis  of  general  abdominal 
surgical  troubles.  Certain  of  these  internal  or  concealed  hernias— as  those  of 
the  duodenal  fossa,  foramen  of  Winslow,  obturator  hernia,  etc.— are  very 
rarely  discovered  except  through  some  accident  or  by  reason  of  strangulation. 

The    commoner   hernias— inguinal,    femoral,    umbilical,    ventral— have   in 


Fig.  196. 


Fig.  197. 


Fig.  196. — Normal  Contour  of  Abdominal  Wall.     {From  Petrequin.) 
Fig.  197. — Weak  Abdominal  Wall.     (From  Petrequin.) 


recent  years  received  so  much  attention  that  their  management  has  become  a 
highly  developed  specialty  in  surgery.  The  operative  cure  of  hernia  has  been 
entirely  revolutionized  since  1889,  the  date  of  Bassini's  first  paper,  so  that  data 
and  statistics  only  one  or  two  decades  old  are  entirely  valueless,  as  are  most  of 
the  methods  of  an  earlier  date.  It  is  impossible  to  give  too  much  attention 
to  the  etiology,  pathology,  and  treatment  of  these  very  prevalent  affections, 
mainly  because  their  frequency  is  of  an  economic  importance  now  recognized 
by  all  employers  of  labor,  including  nearly  every  department  of  Government 
activity.  At  least  one  in  every  fifteen  or  twenty  of  all  males  in  every  com- 
munity is .  ineligible — by  having  hernia — for  service  in  Army,  Navy,  Police,  or 
Fire  Department.  Insurance  companies  demand  that  proper  trusses  be  used 
by  all  applicants.     Civil  and  military  departments  usually  accept   candidates 
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after  radical-cure  oj^orations,  and  in  America  the  army  medical  bureaus  have 
detailed  specialists  in  certain  hospitals  to  ojx'rate  ui)on  the  large  number  of 
cases  in  which  this  condition  api)ears  after  enlistment. 

Certain  associated  complications  or  accidents,  especially  of  abdominal 
hernia,  have  given  rise  to  such  practical  discriminations  as  irreducible  hernia, 
incarcerated  hernia,  inflamed  hernia,  and  strangulated  hernia. 

Irreducibility  of  the  first  kind  is  due  to  adhesion  of  the  contents  of  the  sac 
to  each  other,  or  to  the  sac  itself,  and  often  to  both  combined.  Instances  of 
this  nature  are  usually  best  relieved  by  prompt  operative  procedure. 

In  incarcerated  hernia  irreducibility  is  dependent  on  occlusion  of  the  bowel 
b}'  fecal  matter  or  foreign  agents  such  as  pits  and  seeds  of  fruit  and  other  un- 
digestible  material.  In  these  cases  irreducibility  can  frequently  be  overcome 
by  dislodging  the  obstructing  agents  by  means  of  properly  exercised  manipu- 
lation. If  this  fails,  however,  operative  interference  will  be  required  to  effect 
a  cure. 

The  designation,  inflamed  hernia,  is  applied  commonly  to  hernia  when  con- 
tents or  sac,  or  sometimes  both  together,  are  inflamed,  because  of  a  direct  in- 
jury or  the  violence  due  to  unwise  manipulation  for  the  purpose  of  reduction. 
Operative  practice  for  effecting  a  final  cure  is  required  sooner  or  later  in  this 
class  of  cases;  but,  when  practicable,  mitigation  or  relief  of  the  inflammatory 
feature  should  precede  operation. 

Strangulated  hernia  is  a  common  designation  of  a  very  important  physical 
condition  of  the  bowel,  which,  after  brief  and  cautious  and  unsuccessful  taxis, 
should,  when  advisable,  be  treated  by  operation  for  radical  cure,  as  ^dll  here- 
after be  expressed. 

Types  of  Abdominal  Hernia. 

Inguinal  Hernia. — The  topographical  anatomy  of  the  inguino-abdominal 
region  is  beautifully  illustrated  in  several  modern  atlases,  notably  the  stereo- 
scopic photographs  of  Enderlen  and  Gasser  and  the  works  of  Petrequin,  Guj^on, 
Paulet,  and  Koeberle.  However,  no  artificial  pictures  of  anatomy  can  fit  one 
for  surgical  effort  in  any  degree  comparable  to  that  which  can  be  secured  by 
frequent  dissection  of  the  parts  in  question.  We  may  follow  Gilis  in  di^^ding 
the  groin  into  two  opposing  regions  united  (or  separated)  by  the  fold  of 
Poupart's  ligament.    These  two  planes  are: — 

1.  The  inguino-abdominal  region. 

2.  The  inguino-crural  region.   , 

The  inguino-abdominal  plane  is  a  triangle  whose  base  is  Poupart's  ligament, 
inner  side  the  linea  alba,  and  upper  limit  a  horizontal  line  between  the  two 
anterior  superior  spines  of  the  ilia.  The  abdominal  wall  in  this  region  is  made 
up  of  the  following  superposed  tissues:  (a)  Skin;  (6)  Superficial  and  deep 
fasciae,  or  subcutaneous  tissue;  (c)  Aponeurosis  of  external  oblique  muscle; 
{d)  Striated  muscular  tissue  (internal  oblique  and  transversalis  muscles)  and 
conjoined  tendon;  (e)  Transversalis  fascia;  (/)  Subperitoneal  tissue;  ((/)  Peri- 
toneum.    Each  of  these  deserves  separate  consideration  in  the  study  of  hernia. 
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^/^.{^  _The  skin  of  the  inguinal  region  is  softer,  thinner,  and  more  freely 
movable  than  that  above.  It  is  thickly  sui)plie(l  with  hair  follicles  and  sebaceous 
glands.  The  use  of  truss-pads  i:)roduces,  in  the  groin,  atrophic,  depressed,  or 
discolored  patches  which  are  of  diagnostic  value.  This  is  sometimes  of  im- 
portance when  an  old  hernia  is  suspected  as  an  element  in  obscure  abdoniinul 
disease. 

Superficial  Fascia. — The  panniculus  of  the  groin  is  divided  to  some  extent 
into  two  layers  by  fibrous  lamellte,  which  are  occasionally  so  firm  as  to  cause 
the  inexpei'ienced  operator  to  mistake  them  for  the  deep  aponeurosis.  The 
fibrous  formations  in  this  subcutaneous  fat  are  well  developed  over  Poupart's 


Fig.  198. 


Fig.  199. 


Fig.  198. — Dissection  Showing  External  Oblique  Muscle  and  Situation  of  External  Ring;  the 
superficial  epigastric  vessels  have  not  been  divided.      (From  Enderlen  and  Gasser.) 

Fig  i99_ — Dissection  Showing  the  External  Oblique  Muscle  Everted  so  as  to  expose  to  view  the 
internal  oblique,  the  cremaster,  the  cord,  the  ring,  and  the  interior  of  the  inguinal  canal.  {From 
Enderlen  and  Gasser.) 

ligament  and  retain  the  skin  in  a  deep  groove  at  the  inguino-femoral  fold,  no 
matter  how  great  the  obesity.  These  fibres  are  by  some  writers  given  the  name 
"suspensory  ligament  of  the  groin."  The  deeper  of  the  layers  of  the  superficial 
fascia  of  these  parts  has  fibrous  bands  attached  to  the  cribriform  fascia,  exter- 
nal ring,  and  anterior  rectus  sheath.  Some  yellow  elastic  fibres  are  present  in 
the  central  or  suprapubic  portions  and  these  merge  with  the  coverings  of  the 
cord  or  tunica  propria  and  also  spread  out  as  they  descend  into  the  scrotum, 
so  as  to  form  the  true  suspensory  apparatus  of  the  sac,  and  join  in  continuity 
w4th  the  dartos.  Velpeau,  from  studies  in  comparative  anatomy,  asserts  that 
this  structure  is  the  analogue  of  a  muscle  found  in  some  mammals,  and  he 
names  it  the  ventrier.     It  is  called  by  Sappey  the  "suspensory  of  the  scrotum." 
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Thompson  names  tlu'  whole  cclhilar  space  "fascia  fcmorahs  ahdoniinalis,"  and 
the  condensed  part  at  the  rin^j;  "  fibrous  cover  of  the  external  ring"  (inter- 
colunmar  fascia).  The  inguinal  region  contains  numerous  sui)erHcial  and  deep 
lymph  nodes  which  are  of  great  importance  in  a  diagnostic  sense.  Its  vessels 
are  the  superficial  epigastric  vein  and  arteiy.  which  lie  xmic  distance  apart. 
Branches  from  the  circumflex  ilii  and  external  i)ul)ic  vessels  also  cross  the  groin 
and  lower  iliac  fossa. 

External  Oblique. — The  a})oneurosis  of  this  nuisclc  is  made  up  of  coai-se 
fibres  which  mainly  run  parallel  to  Pouiiart's  ligament  and  of  which  the  latter 
is  the  lowest  part.  This  forms  the  aponeurotic  insertion  of  the  external  obliciue 
muscle  and  transmits  its  powerful  contractile  force  to  the  pelvis,  groin,  and 
middle  line.     But  this  aiwneurosis  is  so  flat  and  broad  that  it  constitutes  here 


Fig.  200. — The  Three  Inguinal  FossiP.      1,  External  fossa:    2,  middle  fossa:    3,  internal  fossa;    4, 
deep  epigastric  vessels;    5,  umbilical  artery;   6,  urachus.     {From  Petrequin.) 

the  most  important  factor  of  the  anterior  abdominal  wall:  also  it  overlies  the 
other  layers  of  the  alxlominal  wall.  This  layer  has,  therefore,  both  an  active 
and  a  passive  function,  according  to  the  state  of  the  part.  The  opposite 
muscles  interlace  or  reinforce  each  other — markedly  so  at  the  pubis. 

The  External  Ring. — The  lower  and  inner  bundles  of  the  aponeurosis  (pil- 
lars), as  they  approach  their  insertion  on  each  side  of  the  pubis,  diverge  so  as 
to  leave  a  triangular  opening — the  external  abdominal  ring.  (Figs.  198  and 
199.)     These  (one  on  each  side)  are  2  or  2.5  cm.  in  length  and  1  or  1.5  in  width. 

The  Red  Muscle  or  Roof  of  the  Canal. — The  two  striated  muscles  (internal 
oblique  and  transversalis),  with  one  insertion  ithe  conjoined  tendon),  are  ex- 
posed when  the  aponeurosis  of  the  external  obliciue  is  divided.  Only  the  lower 
fibres  of  these  muscles  come  into  this  held.  They  are  inserted,  as  the  con- 
joined tendon,  into  the  crest  of  the  pubis  and  the  pectineal  line,  and,  when 
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deficient,  the  posterior  wall  of  the  canal  at  this  situation  is  much  weakened. 
This  is  probably  a  congenital  defect  in  many  even  of  the  acquired  direct  in- 
guinal hernias.  Looped  fibres  of  this  red  muscle,  descending  along  the  cord, 
are  called  the  cremaster  muscle,  and  are  much  hypertrophied  in  large  hernias. 
Transversalis  Fascia. — This  layer  lies  beneath  the  abdominal  muscles,  and 
attains  its  greatest  thickness  in  the  lower  abdomen  and  the  inguinal  region. 
Gilis  has  shown  that  this  fascia  is  distinct  from  the  conjoined  tendon.  It  is 
the  structure  which  forms  the  true  internal  inguinal  ring,  and  as  such  deserves 
special  attention  in  plastic  operations  for  the  repair  of  hernia.    A  better  idea 

of  this  layer  can  be  had  by  a  posteri- 
or or  internal  view  of  its  openings. 
Looking  from  the  inner  ring  toward 
the  pubis  one  sees,  in  Hesselbach's 
triangle,  a  "weak  spot,"  which  is  the 
point  of  protrusion  of  some  hernias. 
At  the  inner  border,  toward  Hes- 
selbach's ligament,  the  fibrous  mar- 
gins of  the  ring  are  much  more  firm. 
AVhen  the  ring  is  enlarged  by  hernial 
protrusion  it  yields  principally  on  its 
inner  "or  pubic  side,  thus  ,  shortening 
the  canal. 

Subserous  Fat. — This  fat  contains 
three  areas  of  different  densities: 
that  about  the  internal  ring;  the 
epigastric  area;  and  the  prevesical 
area. 

1.  About    the    Internal    Ring. — 
This  region  has  the  peritoneum  close- 
ly united  to  the  fascia,  but  lobules 
of  fat  protrude  with  the  cord  in  some 
cases  and  need  attention  lest  they  prevent  firm  closure  by  operation. 

2.  Epigastric  Area. — This  region  has  a  very  loose  investment  of  adipose 
tisues  in  which  the  deep  epigastric  artery  finds  its  way  internally  to  the  ring. 
In  men  it  is  5  cm.  outside  the  pubis,  in  women  about  4  cm.  from  the  same  point. 
This  epigastric  area  of  the  subserous  fat  also  carries  two  other  important  struct- 
ures, viz.,  the  vas  deferens  and  the  spermatic  vessels  which  here  come  together 
to  form  the  cord. 

3.  Prevesical  Area. — This  large  space,  composed  of  loose  tissues,  lies  below 
the  reflected  peritoneum  rather  than  in  front  of  it.  It  is  surgically  important 
from  the  fact  that,  in  hernia  of  the  bladder,  the  peritoneum  usually  is  left 
behind,  forming  the  so-called  sliding  hernia  or  one  without  a  sac. 

Peritoneum. — To  study  this  layer  properly  the  abdomen  should  be  opened. 
A  false  or  imperfect  idea  of  its  anatomy  is  obtained  in  hernia  operations,  which 
often  are  planned  to  deal  mainly  with  the  muscles,  sometimes  only  those  in 


Fig.  201. — Dissection  Showing  the  Deepest  Lay- 
ers of  the  Abdominal  Wall  or  the  Transversalis 
Fascia.  Deep-red  muscle  retracted.  (From  End- 
erlen  and  Gasser.) 
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front  of  the  cord.  TluMiiost  iinpoilaiil  iiil'driiintinn  (iKtaiiicd  fi-oiii  an  internal 
examination  of  the  peritoneal  side  is  that  it  is  not  flat  or  uniform,  but  contains 
three  depressions.  These  are  termed  the  internal,  middle,  and  external  in<i;uinal 
fossa'.  {F'v^.  200.)  The  internal  fossa  is  hounded  by  the  middle  line  or  urachu.s 
and  the  iiinbilii'al  artery.  The  middle  fossa  lies  between  (lie  uinbilical  ailery 
and  the  ejjigastric  ve.ssels.  The  external  fossa  lies  outside  the  deep  epij^astric 
vessels.  It  contains  the  vestiges  of  the  processus  vaginalis  of  the  cord  and, 
in  congenital  hernias,  connnunicates  freely  with  the  tunica  vaginalis.  Hessel- 
bach's  triangle  includes  the  space  lying  between  the  deep  epigastric  arter}-, 


Fig.  202. 


Fig.  203. 


Fig.  202. — Photograph  of  a  Section  of  the  Trunk  of  a  Four-Months  Fwtus.  The  picture  represents 
the  peh-ic  region  as  seen  from  a  point  within  the  abdominal  cavity  and  well  abo^•e  the  pelvis.  The 
testes  appear  here  as  abdominal  organs.  Between  them,  and  extending  dowTiward  (in  the  picture), 
may  be  seen  the  bladder.  The  divided  rectum  and  the  umbilical  arteries  are  also  visible.  {From 
Etidcrlen  arjd  Gasser.) 

Fig.  203. — Photograph  of  a  Section  of  the  Trunk  of  an  Eight-]\Ionths  FtT^tus.  The  ^^ew  represents 
the  left  side  of  the  pelvis  as  it  appears  when  looked  at  from  within  the  abdominal  cavity.  The  testis, 
epidid>"inis,  and  gubernaculum  are  \-isible.      {From  Endcrlen  and  Gasser.) 


the  rectus  muscle,  and  Poupart's  ligament,  and  the  point  faible  (or  weak  spot) 
of  the  French  writers  lies  at  its  lower  extremity. 

If  the  peritoneum  be  reflected  from  the  inguinal  region  we  see  a  light,  trans- 
lucent, elastic  layer  composed  of  vertical  fibres  lying  behind  the  red  muscles 
(the  internal  oblique  and  the  transversalis  muscles).  This  is  the  transver- 
salis  fascia.  (Fig.  201.)  The  testicle  in  its  descent  gives  rise  to  the  internal 
ring,  not  so  much  by  perforating  the  fascia  as  by  carrying  it  along  as  it  ad- 
vances, so  that  its  fibres  may  be  said  to  form  a  complete  tube  or  pouch  (tunica 
propria)  along  the  cord  and  around  the  lower  end  of  the  testis.  A  similar 
investment  attends  the  femoral  vessels  into  that  canal.     Thompson  thinks  that 
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this  process  is  reflected  from  the  surface  of  the  great  vessels  to  form  the  sep- 
tum crurale.  In  the  inguinal  canal  this  fascia,  as  shown  by  the  photograph 
(Fig.  201),  fills  the  whole  space  between  the  cord  and  the  exit  and  the  pul)is. 
Its  lower  insertion,  between  the  femoral  vein  and  the  pul)is,  is  into  Gimbernat's 
ligament  and  the  pectineal  line  within,  and  is  continuous  with  the  pelvic  fascia 
without. 

HesselhacJi's  Ligament. — Looked  at  from  within  the  border  of  the  internal 
ring  Hesselbach's  ligament  is  seen  to  be  a  firm  and  crescent-shajx'd  structure. 
(See  Figs.  202  and  203.)     Ifc  may  be  seen  very  distinctly  if  the  peritoneuni  is 


Fig.  204. 


Fig.  205. 


Fig.  204. — Photograph  of  a  Horizontal  Section  of  the  Trunk  of  a  Nine-Months  Fcptus.  The 
picture  represents  a  view  of  tlie  pelvis  as  seen  from  within  tlie  abdominal  cavity.  The  uraclius  and 
umbilical  vessels  are  twisted.  The  sigmoid  flexure  is  in  place.  Both  testes  have  entered  the  inguinal 
canals  and  have  descended  almost  to  a  point  beyond  the  inner  ring  on  each  side.  (From  Enderlen  and 
Gasser.) 

Fig.  205. — Pliotographic  View  of  Congenital  Hernias  (Double)  at  Birth.  In  the  dissection  the 
anterior  abdominal  wall  has  been  pulled  down  far  enough  to  expose  the  pelvis.  Both  vaginal  processes 
are  open.      (From  Enderlen  and  Gasser.) 


removed.  The  fibres  form  almost  a  "Z,"  the  upper  limb  of  which  is 
Douglas'  arch  or  ligament  and  the  oblique  line  Hesselbach's  ligament.  At 
the  outer  side  of  this  ligament  the  cord,  vessels,  nerves,  and  vas  deferens 
unite  to  pass  into  the  canal  as  one  bundle.  The  dissection,  in  operations 
for  the  radical  cure  of  a  hernia,  should  be  carried  down  to  this  point,  in 
order  thoroughly  to  obliterate  the  sac.  When  this  is  done,  congenital  sacs, 
as  well  as»ordinary  ones,  can  be  ligated,  inasmuch  as  the  cord  is  extraperitoneal 
above  this  point.  Hesselbach's  ligament  merges  laterally  into  the  general 
surface  of  the  transversalis  fascia,  especially  toward  the  symphysis,  and  passes 
without  a  break  into  Poupart's  ligament.     The    inguinal  canal  and  its  con- 
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tents — the  sixTinatic  cord  coN-ci'cd  hy  ci'diiastcr  ii:i;sclc  ami  a  filiroiis  sheath 
(IcsitiIkhI  above — ha\'e  four  principal  \'esse]s:  (1)  1  he  artery  of  thc\a-  ilffcrcns  ; 
(2)  the  spermatic  artery;  (.■))  the  anterior  ui-oiip  of  \-eiiis  and  lymphatics; 
(4)  the  posterior  f>;rou]).  A  small  l)i-anch  on  llie  lihrous  coveiin^  of  the  cord 
is  called  by  Bouv(>ret  the  "fnniculai-  artery."  The  vas  deferens  is  plainly  dis- 
tin.iiuished  from  the  otlier  vessels  of  the  cord  by  its  thick  walls,  which  jiivo  it 
the  a[)i)("irance  of  a  solid  coi-d.  The  sjjermatic  cord,  as  a  whole,  often  con- 
tains masses  of  adipose  tissue  and  varices,  which  in  the  a^-^rejiate  are  lar^o 
enough  to  interfere  with  efforts  to  close  the  canal  by  sutures.     The  icmoval 


Fig.  206. 


Fig.  207. 


Fig.  206. ^Photograph  of  the  Pelvic  and  Lower  Abdominal  Region  of  a  Cliild  (not  over  One  Year 
Old),  with  Single  Congenital  Hernia  Discovered  at  the  Time  of  Birtli.  On  tlie  left  side  of  the  picture 
(the  child's  right  side)  a  persistent  processus  vaginaUs  may  be  seen:  on  the  opposite  side  (tlio  cliild's 
left  side)  the  processus  is  closed.      (Frorn  Enderlen  and  Gasser.) 

Ftg.  207. — Photograpli  of  the  Inner  Aspect  of  the  Lower  Abdominal  Wall  of  an  .\dult  in  wliom 
there  Existed  a  Large  Double  Hernia.  Note  the  fact  that  on  the  left  side  tlie  bowel  is  incarcerated. 
{Fro7n  Eiiderleii  and  Gasser.) 

of  the  sac,  together  with  these  lobules  of  fat  and  the  varices,  usually  reduces 
the  cord  to  manageable  size. 

In  women  the  canal  transmits ,the  round  ligament— a  structure  much  smaller 
than  the  spermatic  cord.  Its  vessels  are  seldom  enlarged  or  of  material  im- 
portance. 

Form  and  Dimensions  of  the  Inguinal  Canal.— Thv  canal,  as  a  whole,  is  of 
triangular  section,  having  an  inferior,  a  posterior,  and  an  anterior  wall.  For 
part  of  its  course  the  cord  lies  between  the  transversalis  muscle  and  the  fascia, 
so  that  these  layers  may  be  said  to  be  of  the  walls  of  the  canal.  Further  down, 
the  cord  passes  beneath  the  internal  oblique  and  transversalis  muscles,  these 
structures  being  sometimes  called  the  roof  of  the  canal.     At  the  lowest  portion 
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of  the  canal  its  anterior  and  posterior  walls  are  respecti\-ely  the  external  oblique 
aponeurosis  and  the  conjoined  tendon,  and  the  floor  of  Poupart's  ligament  and 
crest  of  the  pubis.  The  length  of  the  canal,  as  obtained  by  Blaise  in  a  series 
of  measurements,  varies  from  4  to  4.4  cm.  (If  inch).  Gilis,  however,  places 
it  at  from  5  to  6  cm.  (2J  inches).  As  observed  in  hernia  operations,  the  canal 
departs  very  widely,  in  its  dimensions,  from  the  normal  averages,  being  larger 

in  diameter  in  certain  cases,  while 
in  others  its  length  is  shortened  or 
even  abolished. 

The  physiological  function  of  the 
complex  planes  of  tissue,  above  de- 
scribed, ma}^  well  be  re\aewed  before 
we  consider  the  etiology  and  treat- 
ment of  hernia.  As  these  planes  are 
mostly  active  muscular  layers  we 
should  consider  any  method  of  sup- 
port or  operative  mending  imperfect 
which  does  not  secure  their  physio- 
logical action  as  an  element  in  re- 
pair. The  oblicjuity  of  the  canal  is 
an  important  source  of  its  strength, 
and  should  be  preserved  or  restored. 
Muscular  and  tendinous  fibres  should 
be  preserved,  as  nearly  as  possible,  in 
their  natural  relation,  and  should  not 
be  too  much  disabled  by  operative 
efforts. 


Fig.  208. — Photograph  Showing  a  Dissection  of 
a  Large  Ingmno-Scrotal  Hernia.  The  intestine  Hes 
in  the  tunica  vaginalis  in  direct  contact  with  the 
testicle.      {From  Enderlen  and  Gasser.) 


Congenital  Ahnormities  and  Arrested  Development  in  Inguinal  Hernia. — The 
role  of  congenital  defect,  as  a  factor  in  inguinal  hernia,  is  so  prominent  that  it  is 
cited  by  some  observers  as  a  universal  cause,  to  the  exclusion  of  all  others. 
This  is  perhaps  an  extreme  \dew,  as  it  would  deny  the  existence  of  really  acquired 
hernias,  even  when  they  appear  in  late  life,  but  would  assume  that  at  least  a 
congenital  predisposition  was  present  in  these  cases.  Many  observers  are  now 
sceptical  about  the  so-called  traumatic  hernias  frequently  met  with  in  industrial 
employees,  especially  as  a  basis  for  personal-injury  suits-at-law.  On  this  side 
of  the  Atlantic  it  may  be  said  that  statistics  prove  that  a  large  percentage  of 
the  hernias  acquired  in  adult  life  occur  in  persons  who  had  ruptures  in  childhood. 
The  affection  is  also  markedly  hereditary. 

True  congenital  hernia  is  best  understood  by  a  study  of  the  abdomen  from 
\sdthin,  that  is,  by  looking  at  its  orifices  froni  the  peritoneal  side,  and  by  dissec- 
tions of  fcetuses  at  various  stages  of  development.  A  very  accurate  idea  of  the 
anatomy  at  this  period  of  life  may  be  obtained  by  a  study  of  the  accompany- 
ing figures,  which  have  been  copied  from  a  series  of  stereoscopic  photographs 
representing  dissections  made  by  Enderlen  and  Gasser.  (Figs.  202-209.)  Fig. 
202  represents  a  horizontal  section  of  a  four-months  foetus,   and   shows  the 
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testes  as  true  intra-alxloniinal  oro;ans.  In  the  ei<:;ht-months  fcrtus  (Fig.  203)  the 
testis  has  partl}^  bc^gun  its  descent,  but  is  still  within  the  abdomen.  In  Fig. 
204  the  organs  have  i:)assed  on  almost  into  the  canals,  leaving  the  processus  vagi- 
nalis open  on  each  side.  In  Fig.  205  they  have  pass(>d  entirely  through.  Fig.  206 
shows  a  child,  in  its  first  year,  in  ^^•hom  the  processus  vaginalis  is  com]:)letely 
closed  upon  one  side,  while,  upon  the  other,  it  is  still  ojDen — a  condition  which 
forms  at  least  a  potential  hernia. 
Fig.  207  shows  both  sides  widely 
open,  forming  two  hernias,  one  of 
which  has  its  contents  unreduced. 
Figs.  208  and  209  show,  respective- 
ly, a  cUssection  and  the  external 
appearance  of  a  scrotal  hernia. 

Pathological  Changes  in 
Heenia. 

As  distinguished  from  the 
normal  anatomy,  the  pathological 
anatomy  of  hernia  shows  marked 
alterations  in  the  structure  and  re- 
lations of  the  parts. 

Hernial  Opening  or  Ring.  — 
Every  hernia  has  an  opening  which 
is  either  a  congenital  abnormity  or 
an  acquired  defect.  The  classifi- 
cation of  hernias  is  based  upon 
the  location  of  these  openings  or 
"rings."  Thus,  in  the  inguinal 
canal  we  have  inguinal  hernias,  in 
the  femoral  canal  femoral,  and  still 


Fig.  209. — Large  Scrotal  Hernia.      (Author's  Case.^ 


others  named  in  a  similar  manner  after  the  localities  where  they  occur— as,  for 
example,  umbihcal,  ventral,  ischiatic,  obturator,  diaphragmatic,  semilunar, 
incisional,  etc. 

The  Hernial  ^ac— The  hernial  sac  consists  of  a  peritoneal  pouch  escaping  at 
the  ring.  It  usually  carries  a  connective-tissue  investment  and  hence  may  have 
layers  of  fat  and  some  vessels  outs^ide  its  wall.  These  may  make  the  sac  some- 
what difficult  to  identify  upon  inspection  or  by  dissection.  In  some  cases  the 
translucency  of  the  sac  wall  is  such  that  it  may  be  difficult  or  impossible  to 
distinguish,  by  mere  inspection,  the  external  fat  from  fatty  contents,  i.e., 
omentum.  In  case  the  latter  is  adherent  to  the  inner  surface,  as  in  certain 
femoral  and  umbilical  hernias,  and  if,  at  the  same  time,  the  external  %er  of 
adipose  tissue  is  thick,  the  sac  cannot  be  isolated  or  safely  incised  except  by 
seeking  a  new  point  remote  from  the  adhesion. 

Every  hernial  sac  has  a  body,  a  neck,  and  a  fundus,  but  extraordinaiy  varia^ 
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tioiis  (X'cur  in  the  form  and  size,  ^'el•y  .siiiall  or  recent  hernia.s,  .such  as  the 
shallow,  direct  inguinal,  may  have  no  permanent  sac,  the  peritoneal  pouch 
appearing  only  when  the  hernia  protrudes  and  returning  with  it.  ^lany  sacs 
are  composed  of  thin,  flexible  peritoneum,  Awhile  others  acquire  hypertrophied, 
inelastic  walls  from  continued  irritation  or  Aascular  and  trophic  disturbances. 
The  iicfk  of  an  inguinal  or  a  femoral  sac  is  ofteii  a  condensed  fibrous  ring,  easih- 
seen,  when  it  is  drawn  down  in  operating,  to  be  the  narrowest  portion  and  to  be 
marked  by  a  hard  white  line  on  the  inner  aspect.  This  inelastic  band  marks 
the  ]joint  of  compression  in  a  strangulated  hernia.  On  account  of  the  pressure 
of  pads  or  through  other  irritating  influences  a  sac  may  be  obliterated  by  adhesive 
inflammation  at  its  proximal  part;  and  when  this  happens  there  is  left  a  cavity 
which  becomes  distended  with  serous  fluid.  In  this  way  cysts  or  hydroceles 
of  the  cord  or  of  the  canal  of  Xuck  are  formed.  The  same  irritations  cause  the 
hernial  contents  to  become  adherent,  thus  rendering  the  hernia  wholly  or  parth' 
irreducible.  For  the  same  reason  deformities  of  an  hour-glass  form  are  not  un- 
common, and  the  presence  of  these  may  convey  to  the  observer  the  impression 
that  there  are  several  rings,  one  below  or  distal  to  another,  \Aath  dilated  pouches 
between.  These  rings  look  as  if  they  represented  each  a  former  neck  of  the  sac 
which  had  been  pushed  or  dragged  farther  down,  allowing  a  new  one  to  form 
above.  A  very  important  variation  is  represented  by  the  formation  of  diver- 
ticula, which  give  the  appearance  of  double  or  multiple  sacs.  The  importance 
of  these  diverticula  lies  in  the  fact  that,  in  operation  for  the  radical  cure  of 
hernia,  a  failure  may  be  expected  if  any  of  them  are  overlooked. 
r.-  The  occasional  absence  of  a  sac  in  a  hernia  is  a  phenomenon  which,  although 
at  first  puzzling,  may  easily  be  explained.  In  abdominal  wounds  which  open 
adjoining  ca\aties,  as  the  pleura  or  pericardium,  hernia  of  the  intestines  takes 
place  without  any  peritoneal  covering.  I  have  seen  two  such  cases  in  Cook 
County  Hospital,  and  in  both  of  them  nearly  all  the  intestines  were  found  in  one 
pleural  cavity,  from  traumatic  diaphragmatic  hernia.  In  one  of  these  cases 
the  opening  had  been  established  by  a  stab  wound,  and  in  the  other  there  had 
occurred  a  traumatic  rupture  of  the  diaphragm. 

Another  instance  of  absence  of  sac  is  seen  in  those  forms  of  inguinal  or 
femoral  hernia  which  are  called  "sliding  hernia,"  or  "hernia  jjar  glissement.'^ 
The  colon  on  either  side  may  slide  into  such  an  inguinal  or  femoral  canal  by 
escaping  from  its  own  mesocolon,  and  hence  be  devoid  of  peritoneum  wholly  or 
in  part.  The  ease  with  which  the  peritoneum  is  lifted  from  the  large  intestine 
at  its  posterior  wall,  or  its  absence  there  (left  side),  is  well  shown  by  the  old 
operation  of  lumbar  colostomy,  which  was  done  without  o}X'ning  the  general 
peritoneal  cavity.  Again,  when  the  bladder  enters  the  hernia,  it  almost  never 
has  a  sac.  For  this  reason  inexperienced  operators  may  open  it,  mistaking 
it  for  the  sac  itself. 

Contents  of  the  Hernial  Sac. — The  omentum,  often  in  the  form  of  slender 
processes,  is  apt  to  find  its  way  into  the  smallest  hernial  opening.  Xext  in 
frequency,  owing  to  its  mobility  and  small  size,  comes  the  small  intestine. 
The  large  bowel,  the  sigmoid,  the  caecum  with  the  appendix,  and  occasionally 
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the  Transverse  colon,  also  sometimes  fonn  a  part  of  the  contems  of  the  sac. 
The  bladder,  uterus,  tubes,  and  ovaries  are  met  with  only  in  comparatively 
rare  instances.  In  hernia  of  the  diaphragm  the  stomach  and  even  the  liver 
may  be  found.  Organs  that  remain  for  a  long  period  in  a  hernial  sac  become 
alterecl  in  appearance.  The  omentiun  is  condensed  and  cvdematous  and  the 
intestine  may  become  grooved  and  marked  by  hour-glass  contractions  at  the 
points  where  pressure  is  exerted.  Sometimes  these  stmctures  are  surrounded 
by  serous  exudate.  Classes  of  adipose  tissue  in  the  canal  sometimes  cause  an 
appearance  of  heiTiia  when  none  really  exists.  The  condition  is  aptly  termed 
"hernia  adiposa."  It  is  more  often  an  accompaniment  of  a  tnie  hernia  than  an 
independent  condition.  Such  lobular  ma.sses  are  developed  from  the  properi- 
toneal  fat.  They  are  usually  of  small  dimensions,  but  they  may  occasionally 
attain  the  size  of  a  hen's  egg.  Such  masses  of  adipose  tissue  require  careful 
removal  in  operations  for  radical  cure,  as  their  presence  tends  to  prevent  good 
closure  by  suture  of  the  canal.  Each  lobular  mass  of  fat  may  possibly  enclose 
a  complete  sac  and  heiTiia ;  hence  care  is  needed  in  examining  and  remo^•ing 
them.  In  the  prevesical  space  and  in  lumbar  hernia  the  masses  of  adipose 
tissue  are  usually  dense  and  thick. 

Gexer-^l  Symptoms  axd  Dl\gxosis  of  Herxl\. 

Reducible  Hernia. — Reducible  hernias  cause  tumors  at  one  or  other  of  the 
natural  or  false  orifices;  and  these  tumoi-s.  unlike  aU  the  other  forais.  appear 
and  disappear  vdxh  change  of  posture  or  on  pressure.  The  chara-cteristic  of 
reducibihty  is  a  cardinal  diagnostic  point  in  all  hernias.  It  is  true  that  certain 
other  swellings — for  example,  fimicidar  hydroceles  or  psoas  abscesses  pointhig 
below  Poupart's  ligament — ^may  give  rise  to  enlargements  and  impulses  which 
simulate  hernias.  These  usually  have  additional  signs,  local  or  general,  which 
make  the  differential  diagnosis  positive  on  thorough  examination.  General 
symptoms  due  to  bowel  disturbance  or  to  interference  with  the  bladder,  tubes, 
or  ovaries,  may  be  present  in  greater  or  less  degree.  There  are  usually  few 
general  symptoms  other  than  a  sense  of  weight  or  dragging,  even  in  the  largest 
hernia  when  perfectly  reducible.  Inspection  and  palpation  show,  not  only 
large  or  small  tmnoi-s  which  can  be  pushed  back  into  the  abdomen,  but  enlarged 
orifices  or  rings  which  are  felt  '^  ith  the  fingers  after  reduction.  The  exact  con- 
tents of  the  hernia  can  rarely  be  made  out  with  certainty  by  external  palpation. 

Irreducible  Hernia. — The  diagnosis  of  an  UTcducible  hernia  may  be  a  more 
difficult  matter,  especially  if  it  is  located  in  the  inguinal  or  femoral  canal  and 
if  inflammation  be  present.  The  painful  timior  may  then,  if  no  intestinal 
symptoms  are  present,  be  mistaken  for  adenitis,  and  the  disease  may  go  on  to 
gangrene  and  abscess  formation  before  the  tmth  is  ascertained.  In  inflamed 
bubonocele  the  inguinal  canal  is  occupied  in  part  by  a  tender  stmcture,  wliich 
fact  can  be  determined  by  carrying  the  finger  into  the  canal.  If  an  inflamed 
node  overhe  the  canal  the  node  can  be  caught  brtween  the  underhing  fingei-s 
and  the  thumb  of  either  hand,  thus  rendeiing  possible  an  immediate  diagnosis 
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between  these  conditions.  If  the  part  involved  consists  simply  of  omentum, 
unaccompanied  b}'  intestine,  no  serious  results  may  follow,  Ijut  if  the  Ijladder, 
a  part  of  the  colon,  or  one  wall  of  the  small  intestine,  is  perforated,  there  results 
at  this  point  a  fistula.  Often  one  encounters  irreducible  and  incarcerated 
hernias  of  large  size  which  do  not  undergo  strangulation.  These  are  not 
amenable  to  trusses  and  they  tend  to  grow  larger.  They  are  constantly  in  danger 
of  a  sudden  increase  and  strangulation.  To  a  greater  degree  than  is  true  of 
reducible  hernias  they  cause  constipation,  irregular  peristalsis,  and  mild  or  severe 
chronic  bowel  obstruction,  with  indicanuria  and  a  low  grade  of  toxaemia.  On 
account  of  their  being  a  menace  to  life  and  health  they  should  be  treated  by 
surgical  interference. 

Inflamed  and  Strangulated  Hernia. — Strangulation  and  inflammation  of  a 
hernia  are  often  coincident  lesions.  They  may  be  entirely  independent,  the 
one  of  the  other,  or  they  may  mutually  aggravate  each  other.  Strangulation 
means  interference  ^dth  the  vascular  circulation,  so  that  gangrene  of  the  in- 
testines or  omentum,  as  well  as  mechanical  obstruction,  more  or  less  rapidly 
supervenes.  If,  under  sudden  abdominal  pressure,  a  larger  amount  or  a  new 
portion  of  intestine  is  forced  into  a  hernia  it  will  be  retained  there  by  its  own 
elastic  distention  and  by  the  pressure  of  the  rings.  When  this  occurs,  a  sudden 
onset  of  pain  is  often  felt  at  the  point  of  obstruction,  and  there  follows  an 
attack  of  colic,  due  to  reversed  peristalsis.  The  •s}Tiiptoms  may  vary  some- 
what according  to  the  part  of  the  intestine  involved,  but  in  general  they  are 
those  of  acute  intestinal  obstruction,  as  described  in  another  article  in  the  pres- 
ent volume.  Vomiting  (which  in  tune  becomes  fecal),  obstipation,  collapse,  and 
signs  of  impending  peritonitis  rapidly  appear.  In  a  few  hours,  in  most  cases, 
the  patient's  condition  assumes  a  dangerous  aspect.  Unless  early  reduction  is 
obtained  by  taxis,  gangrene  and  perforation  occur  in  the  sac  and  the  patient 
suffers  from  septic  intoxication  and  also  from  a  severe  grade  of  shock,  which 
is  due,  not  so  much  at  first  to  the  peritonitis,  as  to  the  intensity  of  the  local 
inflammatoiy  reaction.  Early  operation  is  required  if  reduction  is  not  secured. 
After  the  lapse  of  only  a  few  hours  gangrenous  contents  of  the  sac  may  rec|uire 
resection  of  the  bowel  or  omentum  in  a  patient  who  is  ill  able  to  withstand  a 
major  operation.  The  combined  effect  of  these  risks  is  such  as  to  give  the  oper- 
ation a  high  mortality.  In  some  hospitals  it  has  been  as  high  as  forty  or  fifty 
per  cent,  due  partly  to  the  late  cases,  but  under  no  circumstances  is  the  mor- 
tality rate  low.  The  occurrence  of  such  cases  constantly  in  every  community 
is  a  strong  argument  for  the  general  adoption  of  radical-cure  operations,  since 
these  are  quite  free  from  risk  and  would  forestall  the  occurrence  of  strangu- 
lation. 

General  Remarks  on  the  Treatment  of  a  Strangul.\ted  Hernl\. 

Wuellstein  names  three  types  of  treatment  that  may  be  employed  in  the 
early  stage  of  strangulation:— (1)  By  medication;  (2)  by  taxis;  (3)  by  opera- 
tion. 

Treatment  by  Medication.— Little  confidence  should  be  placed  in  local  or 
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general  medication  in  strangulation,  yet  as  good  authorities  as  Gussenbauer  and 
also  Finkelstein  report  benefit  from  spraying  or  washing  the  hernial  tumor  with 
ether  and  from  applying  ice  locally,  to  reduce  congestion  and  as  an  aid  to  taxis. 
Other  measures  that  may  be  employed  in  preparation  for,  or  as  an  aid  in,  taxis, 
are  the  rubber  bandages,  which,  in  the  case  of  large  tumors,  should  be  aj^plied 
around  the  tumor  or  over  the  hands  of  the  operator,  to  assist  his  muscular 
efforts.  The  bandages  so  employed  should  be  specially  made;  they  should  be 
thin  and  long,  about  half  the  weight  and  strength  of  the  ordinary  iMartin  or 
Esmarch  bandages. 

The  posture  of  the  patient  may  assist  reduction,  or  it  may  even  accomplish 
it  alone  through  the  action  of  the  force  of  gravity.  Thus,  if  the  hernia  is  near 
the  pelvis,  the  hips  may  be  elevated,  by  which  means  the  blood  current  and 
the  fecal  flow  will  be  diverted  from  the  parts.  The  dependent  viscera  also  tend 
to  gravitate  toward  the  diaphragm,  away  from  the  inguinal  canal.  An  extreme 
use  of  this  adjuvant  to  reduction  is  practised  by  completcl}^  inverting  the  patient, 
either  by  standing  him  upon  his  head  or  by  suspending  him  by  his  feet  or  flexed 
knees.  A  person  who  is  not  too  heavy  may  be  suspended  by  fixing  his  knees 
across  another  person's  shoulders,  so  that  he  hangs  head  downward  upon  his 
back.  If  the  supporting  person  now  walks  or  jars  his  burden  by  stepping  back- 
ward and  forward,  the  hernia  will  occasionally  undergo  a  spontaneous  reduction. 
These  crude  methods  are  not  to  be  advised  except  in  emergencies,  when  suitable 
tilting  appliances  are  not  at  hand.  The  foregoing  measures,  when  employed, 
should  be  briefly  and  cautiously  applied,  so  that  no  sacrifice  of  a  better  oppor- 
tunity will  occur. 

Treatment  by  Taxis. — In  most  cases  taxis  or  direct  external  force  must  be 
resorted  to  before  an  incarcerated  or  strangulated  hernia  can  be  reduced.  Taxis 
is  not  so  simple  and  innocent  a  procedure  as  might  be  inferred.  Efforts  at  taxis 
may  defeat  their  own  aim  by  reason  of  being  incorrectly  applied.  A  certain 
manipulation  is  required  for  the  successful  reduction  of  a  hernia,  and  this  man- 
ipulation is  learned  more  particularly  in  reducing  the  same  kind  of  a  hernia  on 
successive  occasions.  In  general,  it  is  important  to  learn  the  fact  that  reduc- 
tion by  taxis  is  not  a  process  of  pushing  in.  Inward  or  backward  pressure 
toward  the  ring  is  generally  the  least  likely  of  all  efforts  to  reduce  the  strangu- 
lation. The  effective  motion  is  one  which  may  be  described  as  a  pulling  away, 
combined  with  a  squeezing  together  of  the  mass  laterally.  The  whole  mass 
should  be  grasped  by  the  hand  with  as  smooth  a  hold  as  possible.  If  it  is 
large,  it  should  be  held  by  the  palms  rather  than  wdth  the  fingers.  If  it  is 
extra  large,  the  light  rubber  bandages  should  be  employed  for  the  purpose  of 
assisting  the  hands. .  The  mass  being  held  in  this  way,  it  should  be  puUed 
gently  away,  as  if  to  draw  down  more  hernial  contents.  This  tends  to  unfold 
and  disengage  rather  than  to  cause  further  kinking  of  the  bowel.  At  the  same 
time  steady  but  light  compression  laterally  of  the  whole  mass  should  be  made. 
This  tends  to  empty  the  blood-vessels  and  to  expel  whatever  may  be  contained 
in  the  lumen  of  the  intestine.  It  is  rare  that  reduction  is  immediately  accom- 
plished.    The  greatest  hope  of  eventual  success  comes  from  continuous  appli- 
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cation  of  the  force  just  described,  especially  the  compressing  force,  until  the 
vascular  distention  is  reduced.  The  value  of  the  rubber  bandage  as  a  means 
of  relieving  the  surgeon's  nmscles,  will  be  apparent.  General  anaesthesia  is 
usually  needed  in  the  severe  cases,  especially  if  the  abdomen  is  rigid.  After 
a  few  moments  of  steady  compression  the  direction  of  the  pull  can  be  varied 
somewhat,  with  the  object  of  finding,  experiincntally,  the  direction  of  the 
canal.  In  successful  cases  the  first  encouraging  sign  is  generally  a  gurgle  felt 
or  heard — this  noise  signifying  that  something  has  passed  back  into  the  ab- 
domen; and  this  something  is  more  likely  to  be  the  air  or  fluid  in  the  intestine 
than  the  latter  structure  itself.  It  is,  however,  a  very  favorable  sign,  espe- 
cially if  repeated  in  the  course  of  a  few  moments.  After  several  repetitious  of 
this  gurgle  of  reduction  it  will  usually  be  noted  that  the  tumor  decreases  in 
size,  and  not  uncommonly  it  slips  back  at  last  suddenly,  like  an  ordinary  re- 
ducible hernia.  Such  taxis  requires  great  gentleness  and  skill,  that  c^n  be 
acquired  only  by  practice. 

Treatynent  by  Operation. — ^Patients  under  the  influence  of  an  anassthetic 
should  be  so  prepared  that,  if  taxis  fails,  immediate  operation  may  be  done. 
Herniotomy  for  strangulation  was  formerly  done  in  a  way  very  different  from 
that  employed  in  the  operation  for  a  radical  cure.  Very  small  incisions  were 
made,  and  anything  like  a  free  dissection  of  the  serous  canals  or  the  abdominal 
wall  was  avoided.  Exactly  the  opposite  should  be  our  present  practice. 
All  idea  of  avoiding  the  peritoneum  is  now  given  up,  and  the  free  incisions  which 
usually  characterize  the  radical  method  of  cure  should  be  employed  here. 
Especially  should  we  avoid  the  methods  of  cutting  the  rings  with  long  herniotomy 
directors  and  probe-pointed  knives  passed  up  through  narrow  orifices.  We 
should  be  prepared  in  all  cases  to  examine  the  tissues  we  cut  and,  if  the  patient 
is  in  good  condition,  to  finish  the  operation  in  precisely  the  same  manner  as 
we  would  one  for  a  radical  cure  of  hernia.  If,  however,  the  patient's  condition 
is  not  good,  and  if  it  be  found  that  the  intestine  needs  operative  repair,  all  the 
more  imperative  will  be  the  duty  to  make  a  free  incision,  in  order  that  we  may 
get  proper  access  to  the  field  of  work  and  to  the  coils  of  intestine. 

The  resection  of  a  gangrenous  intestine  or  the  repair  of  other  lesions  (as  of 
bladder,  tube,  ovary,  etc.)  differs  in  no  way  from  similar  operations  for  other 
affections.  (See  the  articles  on  "  Surgical  Diseases  and  Wounds  of  the  Intestines, 
Bladder,"  etc.,  in  this  and  the  following  volume.) 

The  repair  of  the  abdominal  wall  after  herniotomy  approaches  most  nearly 
the  ideal  standard  when  it  is  accomplished  by  one  of  the  operations  later  to  be 
■described.  Should  the  ])atient  be  too  profoundly  under  the  influence  of  shock, 
or  if  the  local  infection  is  too  intense,  owing  to  the  presence  of  a  gangrenous 
sac,  pus,  etc.,  the  wound  may  be  packed  lightly,  as  in  septic  laparotomies,  or 
hurriedly  closed  in  part  of  its  course  while  a  light  tamponade  is  employed  for 
the  remainder  of  the  wound. 

The  repeated  occurrence  of  strangulated  hernia  and  the  numerous  deaths 
caused  by  it,  even  in  patients  wearing  trusses,  should  warn  us  that  new  ad- 
monitions are  needed  to  diminish  or  abolish  the  death  rate.     This  brings  us  at 
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once  to  a  consideration  of  the  value  of  curative  operations  and  the  risks  which 
attend  them. 

The  rare  danger  of  operation  for  the  ratUcal  cure  of  hernia  is  to  be  balanci'd 
against  the  certain  rislc  of  strangulation.  \\'hen  the  radical  operation  had 
been  perfected  to  such  a  degree  that  its  risk  per  se  was  nil.  it  became  a  safer 
method  of  treatment  to  ad\ise,  in  healthy  subjects,  than  the  use  of  trusses. 
As  many  deaths  are  caused  annually  b}^  strangulation,  a  heav}^  responsibility 
rests  upon  the  physician  who  fails  to  advise  curative  treatment  by  means  of 
an  operati(»n.  An\'  one  of  large  experience  in  mechcal  practice  is  able  to  recall 
instances  of  fatal  strangulation  and  of  narrow  escapes  after  desperate  opera- 
tions. An  earlier  radical  operation  would  have  obviated  these  complications 
without  special  danger  to  the  patient. 

It  is  true  that  only  a  few  years  ago  the  best  surgical  text-books  were  correct 
in  stating  that  curative  operations  were  attended  \^y  some  risk  and  many  relapses. 
This  made  it  Cjuestionable  whether  a  patient's  welfare  was  best  subserved  by 
operation  or  by  conservatism.  Only  a  slight  operative  mortality  would  at 
that  time  be  sufficient  to  turn  the  Ijalance  in  favor  of  non-operative  measures, 
except  when  the  latter  had  been  tried  and  had  been  found  unsuccessful.  These 
statistical  arguments  are  now  reversed  b}'  the  long  series  of  successful  cases 
without  any  mortality,  -uhich  many  of  the  best  clinics  report,  and  by  the  com- 
parative rarity  of  recurrence.  The  improved  statistics  in  radical  cure  are  due 
mainly  to  unproved  techniciue,  but  also  partly  to  a  better  selection  of  cases. 
Modern  reports  are  based  upon  large  series  of  moderate-sized,  uncomplicated 
hernias.  The  older  statistics  were  made  to  include  a  greater  proportion  of 
large,  adherent,  or  in  some  way  complicated  hernias,  upon  which  it  became 
absolutely  necessary  to  operate  by  reason  of  the  failure  of  other  methods  of 
treatment.  Even  now  complicated  or  giant  hernias  give  operative  risk  and 
should,  so  far  as  prognosis  is  concerned,  be  classified  separately.  We  may, 
therefore,  group  operative  cases  in  the  following  manner: — 

(1)  Small  or  medium-sized  reducible  hernias. — Rare  mortality. 

(2)  Very  large  and  incarcerated  hernias. — SHght  mortality. 

(3)  Strangulated  hernias. — Large  mortality. 

Classes  1,  2,  and  3  should  be  kept  distinct  for  statistical  purposes.  The  last 
two  comprise  cases  which  often,  despite  the  obvious  risk,  demand  operation 
for  the  purjDose  of  relieving  or  preventing  still  greater  danger.  Their  very 
existence  is  a  self-reproach,  since,  if  they  had  been  cured  by  operation  at  an 
earlier  period,  these  hernias  would  not  have  become  large  or  dangerous. 

History  of  the  Different  Methods  of  Effecting  a  Radical  Cure. — The  ver}- 
ancient  origin  of  the  cure  of  hernia  by  operation  is  well  known.  Both  cutting 
operations  and  spring  trusses  were  employed  at  the  earliest  historical  period  of 
medical  science.  The  operation  for  inguinal  rupture  was  rather  common  in 
mediaeval  times,  especially  in  France.  Castration  on  the  affected  side  was  found 
to  favor  an  easy  solution  of  the  problem  of  closing  the  ring,  and  this  practice 
became  so  common  that  it  was  interdicted  by  statute  on  grounds  of  ])ubMc 
polic}'. 
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In  the  period  just  before  and  just  after  the  dawn  of  Listerism  operations  for 
the  cure  of  hernia  were  devised  by  many  cHnicians,  and  it  would  be  easy  to  find,  in 
the  treatises  of  from  twenty  to  fifty  years  ago,  accounts  of  scores  of  these  methods, 
many  of  which  bear  the  names  of  distinguished  surgeons  and  are  characterized 
by  much  ingenuit}'.  Thus,  in  treatises  which  are  still  on  our  shelves,  we  may 
find  the  descriptions  of  operations  known  as  the  Wood,  Wutzer,  Heaton, 
McDowell,  Ball,  Xussbaum,  Barker,  Baxter,  Czerny,  and  Woelfler  operations, 
— not  to  mention  a  score  of  others, — all  possessing  more  or  less  merit  and  many 
of  them  still  somewhat  generally  used.     The  drawbacks  to  all  these  methods 

are  their  comparative  inefficiency  and  the 
greater  risk  that  attends  them.  After 
abdominal  surgery  underwent  its  brilliant 
development,  during  the  decade  from  1880 
to  1890,  a  new  hernia  era  became  possible 
and  was  indeed  ine\dtable — an  era  in  which 
all  previous  fear  from  opening  the  peritoneal 
cavity  was  abolished.  This  fear  had  been 
the  most  serious  drawback  to  the  develop- 
ment of  a  radical  method  of  curing  hernia, 
for  it  prevented  free  dissection  of  the  struct- 
ures involved  and  promoted  half-way 
measures  and  makeshifts.  The  Wood  and 
Wutzer  operations  avoided  opening  the  skin 
by  invaginating  it  with  wire  or  silk  sutures. 
Other  methods — known  as  ''sewing  the 
pillars,"  etc. — contemplated  only  the  clos- 
ure of  the  external  ring.  None  of  them 
sought  to  repair  the  breach  in  the  wall  from 
its  deepest  layers  outward,  nor  to  make  a 
very  high  extirpation  of  the  sac.  The 
canal,  in  these  methods,  was  not  widely  opened;  hence  no  true  plastic  opera- 
tions could  be  done  on  its  interior. 

These  more  or  less  faulty  methods  were  substituted,  in  1889,  by  what  are 
properly  known  as  open  operations,  i.e.,  open  dissections  of  the  canal  for  the 
purpose  of  repairing  the  deep  or  inmost  laj^ers  of  the  abdominal  wall.  The 
general  adoption  of  this  principle  followed  the  publication  of  Bassini's  first 
paper,  in  which  were  reported  several  hundred  cases  that  had  been  treated  by 
his  now  well-known  method.  It  is  true  that  he  credits  Macewen,  of  Glasgow, 
Scotland,  with  being  the  originator  of  several  of  his  important  steps.  Pre\dous 
to  both  of  these,  Henry  0.  Marcy,  of  Boston,  :\Iass.,  had  practised  and 
pubhshed  an  open  operation  which  contains  the  essential  features  of  both  the 
Scotch  and  the  Italian  methods  and  includes  the  use,  for  the  first  time,  of  the 
buried  tendon  suture.  European  and  American  surgeons  almost  immediately 
adopted  the  Bassini  technique  or  Marcy's  and  Macewen's  technique,  as  modified 
by  Bassini.     Its  emplojnuent  became  general,  and  it  still  remains  the  most 


Fig.  210. — Bassini's  Operation.     Step  1  and 
step  2  completed.      {From  Bouveret.) 


ABDOMINAL   in:RNIA. 


573 


frequently  used  method  in  Europe.  In  Aiiierica  also  it  meets  ^^■ith  considerable 
favor.  Imt  it  is  not  ust'tl  quite  so  generalh'  as  abroad. 

Nearly  every  later  operation  follows,  of  necessity,  in  the  general  lines  ot  the 
Marcy-Macewen-Bassini  technique.  They  differ  from  the  Bassini  method  as 
much  as  from  its  predecessors,  but,  on  account  of  the  wide  use  and  great  prestige 
of  the  Italian's  method,  all  later  operations  are  often  classed  as  modifications 
of  it.  Thus  we  read  of  the  Bassini-Fournel  operation  in  France — a  procediu'e 
which  is  identical  \\-ith  the  .Andrews  operation,  but  was  published  some  yeai-s 
later:  of  the  Bassini-Girard  method  in  Switzerland — the  same  operation, 
probably  independently  devised;  of  the 
Bassini- Andrews  method — also  the  same  as 
the  two  last-mentioned,  and  published  some 
years  in  advance  of  either. 

Other  divergent  methods,  such  as  Koch- 
er's  Verlagerunysmethode,  Phelps'  method 
of  employing  ^^ire  coils,  and  Willy  3tleyer's 
use  of  filigree,  are  relatively  little  used,  or 
are  used  only  in  exceptional  cases. 

Technique  of  Bassini' s  Method:  Step  1. 
— The  canal  in  this  operation  is  spht  along 
its  whole  length,  after  the  skin  has  been 
divided,  so  as  to  afford  access  to  the  internal 
ring.  Step  2. — The  hernial  sac  is  next 
sought  and  freed  until  it  can  be  separated 
from  the  margins  of  the  inner  ring,  and 
even  a  Httle  higher  up  or  deeper  do^n:  no 
poition  even  of  the  neck  of  the  sac  being 
permitted  to  remain  behind.  After  the  sac 
has  been  opened  and  its  interior  has  been 
inspected,    it    is  extirpated,   if  empty,  by 

transfixing  and  ligating  its  neck  at  the  highest  possible  point.  The  aim  should 
be  to  leave  no  portion  long  enough  to  fomi  even  a  dimple  or  funnel  leading  into 
the  false  opening.     (Fig.  210.) 

Step  3. — The  next  and  most  important  step  is  the  plastic  obhteration  of 
the  false  opening  by  means  of  a  row  of  stitches  ^hich  shall  close  the  deep  layers 
or  posterior  waU  of  the  canal,  at  the  spot  where  the  false  opening  was  barely 
large  enough  to  transmit  the  cord.  The  latter  should  be  reheved  of  all  masses  of 
adipose  tissue,  in  order  to  reduce  its  size.  The  position  and  number  of  these  deep 
stitches  depend  upon  the  size  of  the  ring  and  the  direction  of  the  enlargement. 
They  usually  seem  to  restore  the  anatomy  of  the  canal  in  the  most  eft'ective 
manner  when  they  are  inserted  internally  to  the  deep  ring,  that  is,  between 
it  and  the  pubis.  The  dilatation  or  stretching  of  the  ring  rarely  or  never  takes 
place  in  an  outward  direction,  but  practically  always  inward.  In  Bassini's 
operation  the  cord  is  lifted  out  of  the  way  and  the  stitches  are  placed  behind  it. 
(Fig.  211.)    The  needle  is  passed  through  the  internal  obhque  and  transversalis 


Fig.  211. — Bassini's  Operation.  Step  3. 
Deep  suture  placed,  while  the  cord  is  tem- 
porarily raised.      (From  Bouveret.) 
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and  an  effort  is  made  to  include  also  the  transversalis  fascia,  which  actually 
forms  the  internal  ring.  Followers  of  Bassini  are  apt  to  forget  the  importance 
which  he  attaches  to  this  step,  and  to  include  muscle  only  in  this  stitch.  Bas- 
sini, in  operating,  pushes  a  flat  director  into  the  inner  ring  next  the  peritoneum. 
With  this  he  lifts  all  the  structures  except  peritoneum,  to  insure  their  being 
caught  b}^  the  needle.  The  needle  is  next  carried  down  behind  the  shelving 
edge  of  Poupart's  ligament  (seen  on  its  inner  aspect  in  the  lower  side  of  the 
canal)  and  brought  out  through  the  ligament.  The  needle  being  passed  from 
within  outward,  the  vessels  are  not  endangered.     If  the  reversed  direction  is 

used  in  passing  the  stitch,  extreme  care 
must  be  taken  to  prevent  the  needle  point 
from  injuring  the  femoral  vein  and  artery. 
This  accident  has  been  reported  several 
times.  It  can  be  avoided  by  placing  the 
finger  between  the  vessels  and  the  liga- 
ment. The  latter  may  then  be  pulled  for- 
ward a  little;  after  which  the  needle  point 
is  caught  on  the  finger  tip  and  guided  into 
the  canal.  In  doing  this  the  operator  rests 
the  back  of  the  finger  upon  the  great  ves- 
sels and  is  thus  able  to  feel  distinctly  their 
pulsation.  From  two  to  five  interrupted, 
stitches  are  placed  in  this  manner  in  the 
posterior  wall  of  the  canal,  the  cord  being 
held  temporarily  to  one  side.  The  lowest 
of  these  stitches  thould  be  placed  very  near 
the  pubic  end  and  should  include  Gimber- 
nat's  ligament,  if  the  deep  hernial  opening 
extends  to  its  margin.  The  uppermost 
stitch  should  narrow  the  ring  around  the 
cord  as  much  as  possible  without  constricting  its  vessels.  Bassini  leaves 
the  director  above-mentioned  in  the  inner  ring,  until  this  upper  stitch  is 
tied.  It  is  then  withdrawn,  a  little  extra  space  being  thus  left  for  the  cord. 
In  doubtful  cases  the  spermatic  artery  may  be  palpated  before  and  after 
tying  the  upper  stitch.  If  tying  it  stops  the  pulsation  in  this  small  vessel 
the  stitch  should  be  discarded.  The  occasional  loss  of  a  testis  from  gan- 
grene after  a  hernia  operation  points  to  the  need  of  care  against  too  tight 
closure  around  the  cord.  At  the  same  time  it  is  important  to  narrow  the  ring 
as  much  as  practicable,  in  order  that  the  exit  of  the  hernia  may  the  more 
effectually  be  blocked.     (Fig.  212.) 

Step  4. — The  next  step  in  the  Bassini  method  is  the  reuniting  of  the  external 
oblique  aponeurosis  over  the  new  canal  or  the  reconstructed  old  canal.  This 
may  be  done  with  continuous  or  with  interrupted  stitches.  I  have  observed, 
in  Professor  Bassini's  own  work,  that  he  places  two  interrupted  stitches  at 
each  end,  the  intervening  edges  being  brought  together  by  a  continuous  suture. 


Fig.  212. — Bassini's  Operation.  Step  4. 
The  cord  is  replaced  upon  the  repaired 
posterior  wall.     {From  Bouveret.) 
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Step  5. — The  final  step  is  the  closure  of  the  skin.  Bassini  himself  uses  the 
form  of  suture  shown  in  Fig.  231.  This  and  all  the  deep  sutures  are  of  braided 
silk  thread  previously  sterilized  by  boiling  in  glycerin.  Most  American  and 
European  operators  use  absorbable  stitch  material  for  the  buried  suture.  Chrom- 
icized  catgut  is  to  hv  pivferrcd.  Plain  catgut  is  not  durable  enough,  as  it  lasts 
only  a  few  days  before  it  undergoes  absorption;  it  is  sometimes  a  cause  of 
failure  if  used  in  herniotomy.  Kangaroo  tendon,  the  usefulness  of  which  was 
discovered  by  Henry  0.  Marcy,  is  an  ideal,  durable  animal  ligature.  It  resists 
absorption  longer  than  chromicized  gut  does — in  some  cases  for  as  long  a  time 

as  from  four  to  eight  weeks.     I  have  used      

this  exclusively  for  the  deeper  fascial  suture 
in  over  fourteen  hundred  herniotomies. 
Dr.  W.  B.  Coley  reports  a  large  number  of 
cases  (2,500)  in  which  he  has  used  it  suc- 
cessfully in  the  Hospital  for  Ruptured 
and  Crippled,  New  York  Cit}^  The  ma- 
terial is  less  well  known  in  Europe  than  in 
America. 

Merits  and  Demerits  of  the  Marcy- 
Maceicen-Bassim  Operation. — The  method 
just  described  is  deservedly  popular,  safe, 
and  rational,  as  well  as  easj^  of  execution. 
Analyzing  the  elements  which  contribute  to 
this  success  we  are  impressed  with  the  vital 
importance  of  two  steps,  viz.,  the  high  ex- 
tirpation of  the  sac  (a  step  which  was  not 
original  with  Bassini)  and,  as  a  corollary, 
the  open  dissection  quite  up  to  the  perito- 
neal layer.  It  was  the  failure  to  make  this 
open  dissection  which  marred  the  work  of 
the  earlier  operators.  They  failed  to  per- 
form a  true  plastic  operation  and  tried  to 
substitute  various  kinds  of  blind  suturing. 
The  failure  to  extirpate  the  sac  high  up  caused  numerous  relapses  or  partial 
relapses,  as  when  a  scrotal  hernia  returned  (or  remained)  as  a  bubonocele. 
Probably  the  simple  removal  of  this  sac  would  alone  be  sufficient  to  cure  many 
small  hernias  without  any  suturing  ,of  the  canal.  As  the  muscles  and  the  fascia 
are  denuded  by  stripping  out  the  sac,  they  would  often  fall  together  as  well  with- 
out stitches  as  with  them,  and  might  unite  firmh^  under  the  pressure  of  band- 
ages. Dr.  A.  J.  Ochsner,  of  Chicago,  has  demonstrated  that  this  is  true  in 
femoral  hernia.  It  may  be  equally  true  of  small  oblique  inguinal  hernias. 
^Mien,  however,  the  rings  are  greatly  enlarged,  even  the  Bassini  suture  is  diffi- 
cult to  place  and  of  doubtful  permanence.  The  inner  margin  of  the  dilated 
orifice  then  extends  from  Hesselbach's  ligament  (outer  border  of  conjoined 
tendon)   almost   or  quite   to  the  rectus    muscle.     The    internal    and  external 


Fig.  2]  3. — Method  of  Lucas-Cliampion- 
ni^re.  This  perhaps  is  the  earliest  sug- 
gestion of  an  overlapping  method,  but  is 
more  probably  a  crumpling  up  and  evert- 
ing of  layers.  A  similar  mattress  stitch 
was  used  by  Macewen.  Both  methods  were 
employed  before  that  of  Bassini.  {From 
Bouveret,  after  Lucas-Championniere.) 
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rings  are  dragged  into  line  so  as  to  form  an  antero-posterior  opening.  On 
account  of  the  absence  or  displacement  of  the  conjoined  tendon,  the  outer 
edge  of  the  rectus  sheath  or  muscle  must  be  utilized  in  making  the  deep 
stitch.  This  drags  the  rectus  outward  and  Poupart's  ligament  upward  and 
inward,  and  even  then  one  does  not  secure  a  good  posterior  wall  for  the  canal. 
The  principal  element  of  a  successful  plastic  operation — namely,  a  well-nourished 
flap,  without  tension — is  wanting.  Exactly  the  reverse  conditions  are  found, 
viz.,  a  thin  and  poorly  nourished  flap  under  severe  tension.  These  defects  in  the 
Bassini  method  obviously  have  impressed  all  operators  when  they  encountered 
large  rings.  The  need  of  something  to  supplement  the  defective  anatomy  is  then  at 


Fig.  214. — The  Andrews  Operation. 


Step  1.     The  skin  is  pinched  up  while  the  incision  is  being 
made.     COrigmal.) 


once  evident.  An  ideal  method  would  be  one  which  supplied  a  well-nourished  flap 
of  such  ample  size  that  it  could  be  brought  over  the  weak  spot  without  tension. 
It  is  extremely  interesting  to  note  the  unanimity  with  which  this  need  has 
been  felt — a  unanimity  manifested  by  the  large  number  of  the  ingenious  methods 
which  have  been  suggested  for  the  puri^ose.  To  enumerate  a  few  of  these: 
Halsted  di^dded  the  rectus  sheath  and  spread  the  muscular  bundles  out  by 
attaching  them  to  Poupart's  ligament;  Woelfler  everted  the  anterior  sheath  of 
the  same  muscle,  thus  making  a  kind  of  trap-door  flap  which  closed  the  rings 
when  it  was  sutured  over  them;  the  anterior  part  of  the  fascia  lata  has  been 
turned  upward  to  form  the  same  sort  of  flap ;  the  tensor  vaginse  femoris  muscle 
has  been  dissected  loose  and  turned  upward  to  fill  the  canal;  the  scrotal  skin 
and  even  the  testicle  have  been  invaginated  to  plug  up  the  canal  (measures 
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which  ('oiistitutc  in  a  ('('rtaiu  scii.sc  a  flap  method);  bono  grafts  (Weir),  sponge 
grafts,  and  whv  HHgre(>  have  been  inserted  to  meet  the  same  indications.  In 
this  category  should  also  be  placed  the  obsolete  method  of  McBurney,  who 
packed  the  hernial  canal  wide  open,  forcing  it  to  heal  by  granulation  so  as  to 
develoi)  a  large  mass  of  scai-  tissue.  These  methods  all  introduce  elements  of 
risk  and  inicertainty,  an'd  none  of  them  is  now  largely  employed.  It  remained 
for  the  method  of  imbrication  of  Andrews  to  supply,  in  the  treatment  of  inguinal 
hernia,  the  step  needed  to  secure  the  object  of  all  these  difficult  and  ingenious 
methods  without  in  any  way  adding  to  the  severity  of  the  herniotomy  or  to 
the  length  of  time  rocjuired  for  its  performance.     This  method  was  published 


Fig.  215. — The  Andrews  Operation.      Step  1  continued.     The  skin  flaps  are  held  .while  the  artery 
forceps  are  applied  one  after  the  other.     (Original.) 

in  1895  and  subsequently  by  Girard,  in  Berne,  in  1898,  and  by  Professor  Fournel, 
in  Paris,  in  1900,  each  writer  apparently  being  unaware  of  the  other's  work. 
Lucas-Championniere  had  still  earlier  suggested  doubling  up  of  the  abdominal 
layers  (Fig.  213),  as  had  also  Macewen,  but  this  was  more  by  everting  than  by 
overlapping  the  cut  edges,  and  did  not  constitute  true  imbrication. 

The  Andrews  Operation  for  the  Cure  of  Inguinal  Hernia. — Two  types  of  imbri- 
cation or  overlapping — a  posterior,  behind  the  cord,  and  an  anterior,  in  front  of 
the  cord — are  described  in  the  original  publication  (Chicago  Medical  Recorder, 
July,  1895). 

Posterior  imbrication  appeals  to  those  who  like  the  Bassini  method;  anterior 
imbrication,  to  those  who  object  to  "transplanting  the  cord."  Anterior  im- 
brication leaves  the  cord  behind  the  deep  suture  line.  Of  late,  the  tendency 
VOL.  VII. — 37 
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has  been  rather  toward  the  anterior  operation,  and  in  this  movement  Dr.  Fer- 
guson, of  Chicago,  has  been  a  pioneer.  Dr.  Coley,  of  New  York,  informs  us  that 
he  uses  both  types,  but  rather  more  often  the  posterior-stitch  method.  The 
minor  details  described  below  may  vary  with  different  operators,  but  they  should 
never  vary  with  the  same  operator.  Speed  and  smoothness  come  from  uni- 
formity of  procedure,  and  such  uniformity  should  be  cultivated.  In  this  way 
each  operation  becomes  a  rehearsal  for  the  next. 

Step  1.  Skin  Incision. — The  incision  should  be  made  2  or  3  cm.  alx)ve 
Poupart's  ligament,  and  it  should  run  in  a  direction  jjarallel  to  the  inner  two- 
thirds  of  this  ligament.  In  adults  its  length  should  1)e  from  15  to  18  cm.  (6 
inches  to  7i-  inches).  The  operator  should  pinch  up  a  fold  of  skin  transvei'sely 
to  the  groin  with  the  left  hand,  and  an  assistant  should  hold  the  same  fold,  at 
a  point  3  or  4  cm.  (about  an  inch  and  a  half)  distant.     Raise    this  fold  to  a 


Fig.  216. — The  Andrews  Operation.      Step  2.     Dividing  the  external  obUque.     {Original.) 


height  of  from  7  to  10  cm.  (two  and  a  half  to  three  and  a  half  inches)  and  cut 
through  it  to  its  very  base  by  one  stroke  of  a  large,  keen-edged  scalpel.  (Fig. 
214.)  Continue  holding  up  the  pinched-up  margins,  relaxing  slightly  until  the 
epigastric  and  other  vessels  are  seen  and  secured.  Then  drop  the  skin  and  pick 
up  every  smallest  bleeding  point.  (Fig.  215.)  Do  not  allow  even  droplets  of 
blood  to  continue  running.     Expose  the  external  ring  and  aponeurosis  cleanly. 

Step  2.— Opening  the  Inguinal  Canal.— Do  not  insert  a  chrector  and  split 
the  ring  up  from  below,  but  split  the  external  oblique  aponeurosis  the  length 
of  the  canal  by  one  straight  cut  from  above  between  its  fibres.  (Fig.  216.) 
Evert  the  lower  segment  and  run  the  scalpel  handle  along  its  inner  aspect, 
exposing  freely  the  shelving  inner  edge  of  Poupart's  ligament. 

Step  3.— Removing  the  Sac. — Either  lift  up  the  cord  as  a  w^hole  on  the 
finger,  which  requires  some  blunt  dissection,  or  let  it  lie  adherent  to  the  sur- 
rounding parts,  according  as  you  wish  to  repair  the  ring  behind  or  in  front  of 
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the  cord.  Ill  cither  case  remove,  by  tyin^-  tlieiii  off  above  the  ring,  any  masses 
of  achpose  tissue  that  may  be  situated  hi>ih  ii|).  Do  not  remove  any  veins  or 
cremaster  fibres.  With  a  small,  keen-edged  knife  cut  a  buttonhok^  in  the  fascia 
propria  of  the  cord,  until  you  see  the  pearly-white  sac-wall.  (Fig.  217.)  The 
steps  of  this  procedure  are  like  those  of  a  hydrocele  dissection.     Seize  this  wall 


Fig.  217. — The  Andrews  Operation.      Step  3.      Dividing  the  cord  layers  in  order  to  find  the  sac. 

{Original.) 

with  blunt  forceps  and  strip  it  rapidly  out  by  pushing  away  the  cord  elements 
with  dry  gauze.  (Fig.  21P  )  Now  and  then  one  encounters  strong  adhesions 
which  require  nicking  oi  cutting.  In  congenital  hernias  do  not  take  time  to 
sew  a  process  of  the  sac  around  the  cord.     Follow  well  up  into  the  abdomen 


YiG.  218. The  Andrews  Operation.     Step  3   continued.     Gauze  sponge  used  for  stripping  the 

coverings  from  the  sac.     {Original.) 

until  a  point  is  found  where  the  cord  and  sac  diverge.     At  this  point  the  sac- 
neck  can  be  ligated  without  the  danger  of  inclosing  the  vas  or  any  vessels. 

In  scrotal  hernias  strip  out  the  sac,  if  it  is  easily  separable.  If  it  is  not 
easily  separable,  cut  it  off  in  the  canal,  and  return  the  scrotal  part  to  the 
scrotum,  either  with  a  gauze  drain  through  the  lower  end  of  the  scrotal  skin  or 
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else  (Eiseiulrath)  everted  as  in  a  liydrocele  "bottle"  operation.  Pull  the 
testes  freely  up  into  the  wound  '\\-her('ver  this  may  be  found  necessary.  In  a 
number  of  cases  it  has  been  found  that  the  scrotal  sac  is  the  seat  of  a  hydrocele. 
Some  of  these  require  subsequent  tapping,  but  in  many  other  instances  the 
hydrocele  causes  no  trouble.  With  the  finger  separate  the  parietal  peritoneum, 
throughout  a  zone  2  or  3  cm.  broad,  all  around  the  ring,  so  that  it  shall  not  be 
attached  to  the  muscles  and  may  be  drawn  down  freely.  Open  the  sac  widely  at 
its  fundus  and  look  very  carefulh^  over  its  interior  for  adherent  omentum  or 
bowel,  especially  at  its  neck.  (Fig.  219.)  Keep  this  opening  under  the  eye  up  to 
the  moment  of  ligating,  and  watch  carefull}'  that  nothing  slips  into  it.  For 
narrow  sacs  a  simple  ligature,  and  for  large  ones  a  suture  ligature  or  a  purse- 
string  closure  are  best.  The  Macewen  pad,  consisting  of  the  folded-up  sac,  pos- 
sesses neither  great  fault  nor  abundant  merit.     We  sometimes  use  it  in  atypical 


Fig.  219. — The  Andrews  Operation.     Further  continuation  of  step  3.    Sac  clehgated.    The  fundus 

is  open  for  inspection.      (Original.) 


large  hernias  for  the  purpose  of  increasing  for  a  time  the  amount  of  new  deposit 
at  the  weak  point,  but  we  are  somewhat  sceptical  as  to  its  permanent  value. 
On  account  of  the  loosening  of  the  surrounding  peritoneum,  the  cut-off  sac  will 
retract  well  beyond  the  muscles.  If  the  stump  lies  visible  in  the  ring,  it  is  too 
long  and  will  form  a  funnel  or  dimple  inside,  and  tend  to  bring  on  another 
protrusion.  (Fig.  220.)  If  the  stump  does  not  disappear  wholly,  remove  more 
of  it.  In  the  progress  of  step  3  one  sometimes  encounters  abnormal  conditions 
of  the  cord,  such  as  thrombosis  of  the  spermatic  vein  and  cysts  of  the  sper- 
matic cord  (Fig.  221)  or  the  round  ligament.  Cases  like  these  are  reported 
by  Ransohoff,  of  Cincinnati  {Annals  of  Surgery,  Aug.,  1909). 

Step  4.  Deep  Suture. — The  manner  of  procedure,  in  this  step,  differs 
according  to  whether  an  anterior  or  a  posterior  imbrication  is  the  kind  of  opera- 
tion preferred. 

(a)  In  anterior  imbrication  place  from  two  to  five  strong  stitches  in  such 
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a  manner  as  to  unite  the  conjoined  tendon  and  muscles,  together  with  the  upper 
segment  of  the  external  oblique,  finiily  down  to  Poui^ait's  ligament,  all  in  front 
of  the  cord,  which  is  thus  pushed  backward  and  toward  the  jxibis.  The  lower 
flap  of  the  external  oblique  is  left  free  for  step  5. 

[b)  In  posterior  imbrication  lift  up  the  cord  on  a  loop  of  tape,  or  on  Andrews' 
hernia-retractor  (Fig.  222)  wliieh  liolds  the  wound  open  and  has  an  adjustable 
hook  upon  which  the  cord  may  be  suspended.  Pass  the  deep  stitch  behind  the 
cord  by  first  lifting  Poupait's  ligament  on  the  left  forefinger  and  pushing  the 
needle  from  outside  the  fascia  behind  it.  The  needle  point  is  guided  by  the 
forefinger  and  cannot  then  injure  the  vessels.  It  is  Aitally  important,  in  direct 
hernias  and  in  the  case  of  large  rings,  to  get  the  fii-st  deep  .stitch  as  near  the 


Fig.  220. — Dimple  or  Fuimel  of  Peritoneum  Seen  from  Inside  when  the  Sac  is  not  Extirpated  entirely 
from  the  ring.  Tliis  error  in  technique,  in  the  Andrews  Operation,  causes  a  tendency  to  relapse  after 
herniotomy.     (Original.) 

pubic  end  of  the  ligament  as  possible.  It  often  includes  a  little  of  Gimbernat's 
ligament.  Dr.  Malcolm  Harris  first  called  my  attention  to  the  importance  of 
this,  and  one  cannot  commend  too  much  the  thorough  way  in  which  he  cleai-s 
the  structures  and  fortifies  this  weak  end  of  the  suture  line  by  placing  (according 
to  his  method)  the  first  wire  suture  almost  against  the  s^Tuphysis.  From  its 
entrance  point  the  needle  is  guided  by  the  forefinger  into  the  canal.  It  is  then 
picked  up  and  the  opposing  muscle  entered  from  within  outward.  The  lowest 
or  first  stitch  in  large  rings  should  include  a  little  of  the  rectus  muscle,  tne 
sheath  being  spHt  open  to  allow  this.  In  smaU  lings  this  is  not  necessaiy. 
Do  not  resort  to  the  Woelfler  method  of  everting  a  trai>door  flap  of  rectus 
sheath,  or  for  that  matter  to  any  other  mutilating  flap  method.  The  im- 
brication is  of  itself  a  perfect  flap  transplantation,  and  -^ill  fill  the  largest 
rings  T^ithout  great  tension. 

After  the  transversahs  fascia  and  conjoined  tendon  or  muscles  have  been 
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transfixed,  wv  hiiw  what  would  Ix'  a  Bassini  stitch  in  mattress  form.  To  this 
we  now  add  the  margin  of  the  external  obhqiie,  either  in  the  same  looj)  or  by 
passing  the  needle,  which  has  already  pierced  the  deep  muscle,  downward  and 
forward  through  Poupart's  ligament  and  back  to  catch  the  external  obliciue. 
The  needle  is  next  passed  out  just  in  front  of  Poupart's  ligament,  so  that  it 
emerges  about  5  mm.  in  front  of  where  it  entered,  and  surrounds  the  ligament. 
It  is  thus  a  mattress  stitch  Avith  the  knot  just  inside  the  skin  and  fat  of  the 
groin.  From  two  to  five  such  deep  stitches  are  used.  It  is  a  mistake  to  place 
them  verj''  near  together,  or  to  tie  them  very  tightly.  The  uppermost  or  outer- 
most stitch  should  narrow^  the  ring  snugly  around  the  cord.     Tie  this  one  first 


Fig.  221. — Cyst  of  the  Cord.     (From  Ransohoff,  in  Annals  of  Surgerrj,  Aug.,  1909.) 

and  watch  the  effect  on  the  spermatic  artery.  Commonly  this  vessel  can  be 
felt  pulsating  before  and  after  the  stitch  has  been  tied.  If  in  doubt,  discard  the 
upper  stitch. 

Step  5.  Second  Deep  Suture. — Lap  the  lower  segment  of  the  external 
oblique  upward  across  the  upper.  In  case  the  cord  has  been  raised,  it  goes 
between  these  layers.  (Fig.  225.)  They  overlap  to  the  extent  of  about  3  cm. 
(a  little  over  one  inch)  at  the  external  ring,  thus  strengthening  and  narrowing 
this  dilated  orifice.  Suture  them  in  this  position  tightly  enough,  by  means  of 
a  lock-stitch  running  seam,  to  cause  part  of  the  strain  to  bear  down  on  the 
deeper  stitches.     It  will  then  be  seen  that  the  strength  of  the  abdominal  wall 
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has  boon  d(nil)I(Hl  hv  n^tlouhliii^;-  its  thickness;  also,  that  these  overlapped 
surfaces  are  niort-  sure  to  unite  firnil\-  than  is  the  case  when  one  of  the  edge-to- 
edge  methods  is  employed.     (Figs.  22."),  226,  227,  228.) 

Step  6.  Skin  Closure. — After  the  bl(H>ding  has  been  ^'(■ry  thoi-oughl}-  arrested, 
sew  the  edges  of  the  skin  together  with  a  trocar-pointed  needle  held  in  the 
fingers:  or,  if  that  methotl  be  preferred,  apply  metal  clips.  (Fig.  229.)  The 
following  form  of  liutt(^nhoIe  continuous  suture  will  please  those  who  have  not 
yet  employed  it:— After  the  first  knot  has  been  tied,  thrust  the  needle  through 
both  flaps  at  points  about  1  cm.  (nearly  half  an  inch)  from  their  edges.  \\'ith 
the  skin  thus  transfixed,  wind  the  slack  of  the  thread  twice  around  the  point 
of  the  needle,  instead  of  once,  as  in  the  ordinary  lock-stitch.     (Figs.  230  and  231.) 


Fig.  222. — The  Andrews  Operation.     Step  4.     Anterior  imbrication.      (Original.) 


Then  draw  the  thread  up  until  it  is  just  tight  between  the  stitches,  but  does 
not  pucker.  There  is  no  back-slip,  and  each  stitch  holds  by  friction.  The 
following  stitches  are  applied  in  the  same  manner.  This  gives  a  ridge-shaped 
suture-line  like  a  double  row  of  stitches. 

It  is  not  usual  to  drain  these  wounds,  except  in  rare  cases  in  which 
there  has  been  much  dissection  and  in  which  oozing  persists.  In  such  cases 
it  is  well  to  insert  a  small  drain  through  an  independent  buttonhole — not 
through  the  angle  of  the  incision.  In  young  children  seal  the  wound  with 
collodion  or  with  compound  tincture  of  benzoin.-  (Fig.  232.)  Firmly  bandage 
both  groins  with  wide  spica  bandages.  In  young  and  restless  patients  it  is 
sometimes  well  to  pad  the  hips,  trunk,  and  thighs  with  antiseptic  cotton,  and  to 
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apply  a  light  i^lastcr-of-Paris  or  starch  bandage  from  tlic  chest  down  to  the 
knees.  (Fig.  233.)  There  is  usually  no  advantage  in  redressing  these  cases. 
They  are  well  on  the  eighth,  ninth,  or  tenth  day,  and  then  should  be  allowed 
to  be  up  and  take  ordinary  exercise  at  once.  Let  no  binder  or  truss  be  used 
after  the  patient  is  discharged  from  treatment. 

Femoral  Hernia. — The  inguino-crural  triangle  is  separated  from  the  inguino- 
abdominal,  as  above  stated,  by  Poupart's  ligament.  In  its  upper  part,  which 
lies  along  the  course  of  the  great  blood-vessels,  are  found  the  femoral  or  crural 
hernias. 

The  etiology  of  femoral  hernia  is  less  perfectly  understood  than  that  of 
inguinal  hernia.     The  part  played  by  a  congenital  defect  of  the  sac  or  ring  is 


Fig.  223. — The  Andrews  Operation.     The  drawing  shows  the  manner  of  using  the  hernia  retractor 

in  posterior  imbrication.     (Original.) 

not  commonly  recognized.  Some  modern  writers,  as  Wuellstein,  deny  that 
femoral  hernia  is  ever  congenital  or  that  it  occurs  in  early  life.  On  the  other 
hand,  many  observations  give  weight  to  the  claim  that  abnormal  peritoneal 
tubes  or  pouches  do  sometimes  appear  along  the  track  of  the  vessels,  and  that 
these  abnormahties  are  congenital  mesoblastic  prolongations  in  foetal  life.  The 
occurrence  of  a  scrotal  femoral  hernia,  or  the  finding  of  the  broad  ligament  in 
a  femoral  canal,  points  to  the  probable  participation  of  an  embryological  factor 
in  the  production  of  some  of  these  hernias. 

Anatomy.— The  anatomical  layers  are  the  same  externally  in  this  form  as 
in  inguinal  hernia,  namely,  skin  and  external  fasciae.  Ljmiph  nodes  are  more 
numerous,  as  are  also  venous  branches  in  the  subcutaneous  fat.  The  deep 
fascia,  in  this  space  the  fascia  lata,  is  perforated  by  the  saphenous  opening  or 
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ring,  the  concave  margin  of  which  (the  falcifonn  process)  is  crossed  at  its  lower 
part  by  the  long  saphenous  vein  as  it  enters  the  saphenous  opening.  (Fig. 
234.)  The  fascia  lata  in  front  and  Poupart's  ligament  are  connected  by  fascial 
processes  with  the  pectineal  fascia  and  muscle  and  the  ileo-psoas  muscle  behind. 
These  fascial  planes  guard  the  great  vessels,  the  external  iliac  \'ein  and  artery, 
as  they  lie  in  Scarpa's  triaieigle.  and  tend  to  prevent  the  occurrence  of  hernia, 
either  inside  or  outside  the  vein  and  artery,  as  the  latter  descend  into  the  groin. 
These  fascial  bands  merge  with  Gimbernat's  ligament  on  the  inner  side,  prac- 
tically closing  the  space  up  to  the  sheath  of  the  vein.  A  similar  band,  which 
closes  the  space  outside  the  femoral  arteiy  at  its  passage  under  Poupart's  liga- 
ment, goes  to  the  ileopectineal  eminence;  it  is  called  the  ileopectineal  ligament. 


Fig.  224. — The   .Andrews  Operation, 


The  cord  is  here  shown  to  have  been  restored  to  its  natural 
position.      {Original.) 


On  neither  side  does  adequate  space  for  a  canal  exist  normally,  there  being, 
only  sufficient  room  for  one  or  two  lymph  nodes,  called  ''Rosenmueller's 
glands." 

The  space  in  question,  bounded  by  Poupart's  ligament  in  front  and  the 
pectineal  ridge  and  muscle  behind,  is  sometimes  called  the  "lacuna  muscularis." 
In  addition  to  the  great  vessels  it  also  transmits  the  psoas  and  iliacus  musculo- 
tendon  and  the  anterior  crural  nerve.  It  is  filled  also  by  loose  adipose  tissue 
and  is  closed  by  peritoneum,  which,  in  normal  subjects,  is  slightly  hollowed  or 
depressed,  forming  the  fovea  femoralis,  which  is  analogous  to  the  fovea  in- 
guinalis  or  slight  dimple  opposite  the  inguinal  ring.  This  depression  forms  the 
starting  point  of  a  femoral  hernia. 

Pathology. — The  peritoneum  is  forced  into  the  femoral  canal  and  thus  foiTQS 
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a  sac  in  the  direction  of  the  saphenous  opening,  out  of  whicli  it  passes  to  form 
a  tumor  under  the  skin.  (Fig.  235.)  The  hernia,  when  complete,  has  two 
rings — an  inner  small  one  at  Poupart's  ligament,  and  an  outer  larger  one  at  the 
saphenous  ring, — a  space  or  canal  connecting  the  two.  This  canal  has  for  its 
outer  wall  the  sheath  of  the  humoral  vessels,  and  the  deep  epigastric  artery  lies 
ordinarily  to  its  outer  side.  On  account  of  the  great  irregularity  in  the  dis- 
position of  this  and  the  obturator  vessels,  w^arning  should  be  given  against 
using  any  deep-cutting  instrument,  such  as  the  probe-pointed  herniotomy  knife 
and  the  hernia  director.  Open  dissection  should  supersede  the  older  blind 
methods  with  their  attendant  danger  of  hemorrhage. 

The  walls  of  this  canal  and  of  the  rings  are  incapable  of  great  enlargement. 


Fig.  225. 


-The  Andrews  Operation.     Step  5.     Second  buried  suture ;   layers  overlapped, 
close  resemblance  of  the  Fournel  method  to  this  procedure.      {Original.) 


Note  the 


Hence  femoral  hernias  seldom  attain  large  size,  and  as  a  consequence  they  are 
quite  often  overlooked.  The  rigid,  small,  and  hard  rings  also  cause  strangula- 
tion to  be  more  frequent  than  is  the  case  in  inguinal  hernia.  The  \-ery 
small  femoral  hernias  present  difficulties  in  diagnosis  and  may,  if  buried  in  the 
subcutaneous  fat,  be  overlooked  altogether.  In  case  only  omentum  is  in  the 
sac,  and  if  this  becomes  strangulated,  the  condition  may  easily  be  mistaken 
for  an  inflamed  lymph  node.  In  case  of  a  strangulated  intestine  the  obstruc- 
tion may  be  attributed  to  the  wrong  cause,  and  so  the  hernia  may  remain  un- 
detected until  it  is  too  late  to  afford  relief. 

A  double  femoral  hernia  may  occur  in  the  same  individual.     (See  Fig.  236.) 

Diagnosis. — The  differential  diagnosis  of  femoral  from  inguinal  hernia  is 

made  by  the  location  of  the  former  below  Poupart's  ligament;   but,  as  the  ex- 
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tcriial  tumor  sometimes  presses  upwai'd  in  front  of  the  inguinal  canal,  it  may 
occasionally  be  impossible  to  decide  which  vai'iety  is  present  until  the  skin  has 
be(ni  opened.  Other  conditions  to  jje  differentiated  from  femoral  hernia  are 
normal  and  inflamed  lymph  nodes.  One  reason  for  this  similarity  between  the 
two  conditions  is  to  be  found  in  the  fact  that  many  of  the  femoral  sacs  are 
small  and  have  a  globular  form.  Large;  varices  about  the  ring,  dlu;  to  saccular 
dilatation  of  the  long  saphenous  vein,  present  the  appearance  of  tumors  which 
sometimes  almost  perfectly  simulate  hernial  protrusions.  These  are  reducible, 
reappear  when  the  patient  assumes  the  erect  position,  and  give  an  impulse 
when  he  coughs.  It  may  be  possible  to  make  the  differential  diagnosis  by 
occluding  the  external  iliac  vein  with  firm 
pressure  on  the  abdominal  wall,  which  pre- 
vents reflux  of  the  blood  into  the  varix. 
The  bruit  of  blood  passing  through  a  large 
vessel  may  also  be  heard  with  the  stetho- 
scope. In  addition,  the  presence  of  associ- 
ated varices  will  call  attention  to  the  same 
condition  at  the  ring.  Another  test  is  to 
observe  the  difference  in  the  sensations  ex- 
perienced on  palpation  when  the  supposed 
hernia  is  forced  into  the  sac  by  straining 
or  by  coughing.  A  true  hernia  gives  the 
sensation  of  a  solid  body  sliding  under  the 
fingers,  while  the  varix  fills  up  with  fluid 
only. 

Psoas  or  lumbar  abscesses  point  in  this 
region,  the  pus  following  the  psoas  fascia 
along  the  muscle  and  making  its  exit  just 
below^  Poupart's  ligament.  In  cold  abscesses 
the  tumor  is  painless  and  exactly  simulates 
femoral  hernia  on  inspection  and  palpation. 
As  they  may  disappear  on  pressure  or  on 

change  of  posture,  they  are  not  rarely  mistaken  for  irreducible  hernia.  Several 
cases  have  come  under  our  observation  in  which  trusses  were  placed  upon  such 
swellings.  The  differential  diagnosis  can  always  be  made  by  testing  the  ex- 
tension of  the  hip.  Limitation  of  extension  is  an  early  'and  marked  symptom 
in  lumbar  abscesses  due  to  spondylitis  or  other  causes  associated  with  the  psoas 
and  iliacus  muscles. 

Atypical  Forms  of  Femoral  Hernia. — While  the  ordinary  route  of  a  femoral 
hernia  is  internal  to  the  great  vessels,  the  bowel  may  exceptionally  pass  down 
externally  to  the  sheath  of  the  femoral  artery.  This  anomalous  form  has  been 
called  "external  femoral  hernia"  by  Bahr  (1898),  and  cases  have  been  reported 
by  Mcllvane,  Narrath,  Fabricius,  Clocjuet,  and  Axhausen.  The  route  of  these 
hernias  is  between  the  ileopectineal  ligament  (see  above)  and  the  femoral  artery, 
at  w^hich  point  the  anatomical  studies  of  Leinhart  show  that  a  weak  place  exists. 


Fig.  226. — The  Bassini-Fournel  Oper- 
ation, Identical  with  the  Girard  and  the 
Andrews  Operations.      {From  Bouveret.) 
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The  very  obli(iue  direction  of  this  ligament  from  Poupart's  ligament  backward 
leaves  a  triangular  space,  wider  in  front,  which  is  somewhat  unsupported  in 
the  immediate  vicinity  of  the  vessel  sheath.  (Fig.  237.)  Hesselbach,  Sr., 
describes  bands  which  pass  from  the  anterior  iliacus  sheath  to  the  transversalis 
fascia  and  crural  arch,  forming  a  sort  of  guide  or  septum  leading  toward  this 
weak  point.  ''External  femoral  hernia"  may  occur  in  three  forms  correspond- 
ing to  the  routes  taken  by  the  escaping  bowel:  (1)  Outside  the  great  vessels; 
(2)  alongside  the  deep  epigastric  vessels;  (3)  alongside  the  muscle  behind  the 
vessels.  (Fig.  238.)  Maydl  also  describes  a  still  rarer  form  which  makes  its 
way  inside  the  vessel  sheaths. 

Treatment  of  Femoral  Hernia. — Operative  treatment  is  more  imperative  in 
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Fig.  227. 


Fig.  228. 


Fig.  227. — The  Bassini-Fournel  Operation.  The  drawing  shows  the  external  obUque  aponeurosis 
overlapped.      (From  Bouveret.) 

Fig.  228. — Anterior  Position  of  Cord  outside  of  all  Fascia?.  This  has  been  advocated  by  Postemski 
and  Halsted.      (Original.) 

femoral  than  in  inguinal  hernia  because  the  liability  to  strangulation  is  greater, 
because  the  lesion  itself  is  small  and  is  therefore  likely  to  be  underrated  as 
regards  its  importance,  and  because  the  results  obtained  by  the  use  of  trusses 
are  so  imperfect. 

Sprengel  reviews  fifty  varieties  of  operation  for  this  affection  published  since 
1879.  According  to  Goebel  all  the  known  methods  may  be  arranged  in  the 
following  five  groups: — 

1.  Sac  Extirpation — b}^  ligation,  by  burying  the  stump,  and  by  skin  in- 
vagination.    (Socin.) 

2.  Suture  Methods  for  Rings — 

(a)  Without   reconstructing   canal,    by   uniting   Poupart's   to   Cooper's 
ligament.     (Czerny,  Billroth,  Schede,  Bottini,  von  Frey,  Quarnesi.) 
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(6)  Under  s|)('cial  ciiiuil  closure  (Kuestcr,  Bassini)  — 
(1)  AVith  purse-string  (Triconi) ;    (2)  with  displacement  of  sac  stump 
(Berger,  Parry,  O'Hara,  Rotter,  Kocher);    (3)  with  abdomen  or  inguinal 
canal  opened  for  high  removal  of  sac  (Tuffier,  Ruggi,  Nasi,  Buonomocci, 
Gushing,  iMlehohls,  Reed,  LawsonTait). 

(c)  By  direct  union  of  Poupart's  ligament  to  pubes  (Roux's  wire  nails, 
Nicoll,  Covazzani). 

(d)  With  division  of  Poupart's  ligament  (Fabricius,  Delageniere). 

3.  Plastic  operations  to  implant  muscular  tissue.     (Lotheissen,  Cadivella, 
Parlovecchio.) 

4.  Plastic  flaps.     (Talzer.)     Fibrous  or  musculo-tendinous  flaps.     (Watson- 


FiG.  229. — The   External  Wound  Closed  by  Metal   Clips  which  give  a  ridge-shaped  suture  line. 

{Original.) 

Cheyne,  McArdale,  Maunsell  Moulin,  Swartz.)  Periosteal  flaps,  (von  Mikulicz.) 
Osteoplastic  flaps.     (Trendelenburg,  Korte.) 

5.  Heteroplastic.     (Talzer,  Schwarz,  Thiriar.) 

It  is  not  possible  to  state  which  of  these  divergent  methods  has  become  best 
established.  Nearly  all  mutilating  flap  operations  or  heteroplastic  methods 
have  been  abandoned  for  simple  suture  at  the  rings  after  high  extirpation  of 
the  sac.  Ochsner  asserts  that  sac  extirpation  alone,  without  suture,  will  cure 
all  cases.  There  is  good  evidence  in  favor  of  this  belief,  since  femoral  rings  are 
smafl  and  the  sac  denudation  would  leave  surfaces  well  fitted  to  unite.  All 
operations  have  the  first  step  in  common. 

Step  1.  Skin  Incision.— Many  authorities  advise  making  a  skin  opening, 
over  the  ring,  in  the  long  axis  of  the  thigh.     An  incision  parallel  to  Poupart's 
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ligament  is,  wc  believe,  to  be  preferred.  It  gives  access  to  the  inguinal  canal  if 
such  a  step  is  desired. 

Step  2. — The  sac  lies  underneath  the  skin  and  fasciee  and  is  often  embedded 
in  a  firm  layer  of  fat.  The  greatest  care  is  needed  to  avoid  injuring  its  con- 
tents if  irreducible.  A  very  thick  wall  shcjuld  at  once  excite  suspicion  that  it 
may  be  a  sliding  hernia  of  the  bladder  or  colon,  in  which  case  no  sac  will  be 
present.  These  viscera  sHde  into  the  hernia  below  the  peritoneal  reflection 
and  are  often  opened,  by  mistake,  for  the  sac.  When  the  sac  has  been  identi- 
fied and  explored  it  should  be  detached,  by  blunt  dissection,  throughout  the 
whole  length  of  the  canal,  drawn  down  and  amputated,  or  dealt  with  from 
above  by  opening  the  inguinal  canal  or  abdomen. 

Step  3. — The  closure  of  the  deep  ring  is  theoretically  possible  by  suturing 
Poupart's  ligament  to  Cooper's  ligament  and  the  pectineal  fascia.  This  is  a 
step  which  seems  unsatisfactory  on  account  of  the  disparity  between  the  struct- 


FiG.  2.30. — The  Andrews  Operation.  Step  6.  Method  of  closing  the  skin  wound  by  double-locked 
buttonhole  stitches.  Note  the  fact  that  the  slack  thread  is  wound  tmee  around  the  trocar  needle  point, 
causing  each  segment  to  remain  taut  like  an  interrupted  suture.      (Original.) 

ures  united.  It  can  be  accomplished  by  two  or  three  mattress  stitches  extending 
from  the  pubis  to  the  sheath  of  the  vein.  Extreme  caution  is  to  be  observed 
not  to  prick  the  latter  with  the  needle. 

Step  4. — The  outer  ring  or  saphenous  opening  is  also  narrowed  by  suturing 
the  falciform  process  across  and  overlapping  the  fascia  lata,  great  care  being 
taken  not  to  wound  or  constrict  the  long  saphenous  vein. 

Operating  Through  the  Inguinal  Canal. — In  Frank's  method  the  sac  is  drawn 
out  through  the  inguinal  ring,  ligated,  and  resected,  the  ends  of  the  ligature 
being  drawn  out  through  the  muscles  at  a  point  some  distance  above  and  then 
tied  at  this  point.  The  tendency  to  hernia  is  then  corrected  by  suturing  the 
posterior  margin  of  Poupart's  ligament  to  the  pectineal  fascia  and  the  periosteum 
of  the  horizontal  branch  of  the  pubis;  after  which,  four  threads  are  passed 
through  the  triangular  ligament,  so  as  to  draw  it  up  to  the  muscles  above. 

Roux's  Nail  Operation. — Roux  fastens  with  a  double-pointed  nail  the  edge 
of  Poupart's  ligament  to  the  horizontal  ramus  of  the  pubis  as  a  radical  means 
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of  curing  f(Miioral  hernia.  Sinc(^  1904  liochencgg,  in  the  ^^icnna  CHnic,  has 
a|)])H('(l  (his  (echni((U('  in  thirty-eight  cases  of  femoral  hernia,  all  but  eight  of 
them  women;  general  anu'sthesia  being  used  in  thirty-three.  The  ultimate 
outcome — the  int(^rval  of  time  since  the  operation  ranging  from  six  months  to 
four  ycvars — is  known  in  twenty-eight  cases.  The  results  have  been  satisfactory 
in  e\-eiy  respect,  even  in  one  case  in  which  the  nail  was  felt  to  be  loose.  The 
outcome,  he  believes,  compares  favorably  with  that  obtained  by  other  methods, 
while  the  simijlicity  of  the  operation  commends  it  for  certain  cases. 

Post-operative  Complications. — Aside  from  stitch  abscesses,  which  are  now 


Fig.  231. — The  Andrews  Operation  Completed.  The  skin  remains  in  a  ridge-shaped  hne  Hke  that 
wliich  results  from  the  use  of  the  clips.  If  plain  catgut  is  used  this  ridge  flattens  out  in  from  fi-^'e  to 
seven  days.      {Original.) 

relatively  rare  in  hernia  work,  certain  other  causes  of  failure  or  relapse  occasion- 
ally may  be  encountered. 

Post-operative  Desmoid. — One  of  the  most  interesting  and  rarest  of  these 
complications  is  chronic  inflammatory  induration  of  the  abdominal  w"all,  a 
lesion  which  occasionally  follows  herniotomy.  This  was  first  noted  by  Grasser, 
who  reported  two  cases,  and  later  by  Schaffer,  Baker,  Frank,  and  Kreuter.  I 
have  seen  two  instances  of  this  rare  disease  in  about  fifteen  hundred  herniotomies. 
In  one  case  a  massive  swelling,  which  presented  the  appearance  of  a  sarcoma, 
persisted  for  six  months  after  inguinal  herniotomy.  This  was  nearly  painless  and 
was  not  accompanied  by  fever.  The  mass  was  explored  for  concealed  stitch 
abscess,  but  wdth  negative  results,  and  finally  it  disappeared  by  resolution.  In  a 
second  case,  seen  during  the  last  year,  a  tumor  as  large  as  a  man's  fist  was  located 
in  the  groin.     This  tumor  made  its  appearance  three  weeks  after  operation  and 
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continued  to  exist  for  four  months  without  pus  forniation.  These  masses  seem 
to  me  to  resemble  the  so-called  "  Holzphlegmone "  or  ligneous  abscesses  of  the 
neck — an  obscure  affection  of  a  chronic  inflammatory  t3^pe,  sometimes  called 
"cancroid"  or  cancer-hke,  but  always  ending  in  recovery.  Schaffer  observes 
that  they  are  of  the  same  type  as  the  desmoids  of  the  abdominal  wall  (see  page 
83  of  the  present  volume)  and  have  their  origin  at  some  jjoint  in  the  immediate 
vicinity  of  a  buried  ligature,  especially  at  the  neck  of  the  sac.  No  treatment  is 
known  to  hasten  the  disappearance  of  these  masses.  They  may  last  months  or 
even  years,  but  eventually  they  disappear  spontaneously. 

Cysts,  Hydroceles,  and  Hsematoceles  After  Herniotomy. — When  an  adherent 
sac  has  been  dissected  from  the  femoral  or  scrotal  tissues,  the  ca^'ity  thus  left 
may  become  filled  with  bloody  or  serous  exudate,  and  a  post-operative  tumor 


Fig.  232. 


-Method  of  Sealing  Herniotomy  Wounds  in  Young  Subjects  with  Strips  of  Fabric  saturated 
witli  flexible  collodion  or  with  compound  tincture  of  benzoin.      {Original.) 


maybe  the  result.  Cysts  may  also  form  from  some  portion  of  the  sac,  in  a  scrotal 
hernia,  having  been  left  behind.  Such  complications  are  not  the  rule,  and  they 
may  be  avoided  by  using  temporary  drains  or  by  exerting  firm  pressure  -with 
bandages.  The  scrotal  part  of  an  inguinal  hernia  may  be  left,  as  is  done  in  the 
Kocher  or  the  O'Hara  operation,  or  it  may  be  removed  entirely,  as  is  easily 
done  in  most  cases,  by  blunt  dissection.  In  very  adherent  sacs  and  in  con- 
genital hernias  one  is  compelled  to  leave  it  behind.  To  prevent  the  forniation 
of  a  hydrocele  I  usually  invert  it  (''bottle  operation"),  or  insert  an  iodoform 
gauze  strip  through  the  bottom  of  the  sac  to  cause  adhesive  obhteration.  Even 
if  this  is  not  done  it  is  rather  exceptional  to  have  cystic  swelling  occur. 

Varicocele  occasionally  seems  to  be  produced  or  increased  by  herniotomy. 
This  is  due  to  interference  with  the  venous  circulation.  Too  tight  closure  of 
the  internal  ring  should  be  avoided.  When  varices  exist  on  the  cord  it  is  often 
best  to  remove  them  high  up  during  the  herniotomy. 
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Femoral  Hernia  Following  Inguinal  Herniotomy,  and  Inguinal  Hernia 
Following  Femoral  Herniotomy. — Such  an  occurrence  is  not  at  all  uncommon. 
Probably  most  of  these  cases  were  not  caus(>(l  l)y  the  operation.  It  is  well 
to  note,  however,  that  the  closure  of  one  orihce  tends  somewhat  to  draw 
apart  the  other,  especially  in  methods  which  deform  or  displace  Poupart's 
ligament,  which  forms  the  ui)per  boundary  of  the  femoral  and  the  lower  of  the 
inguinal  canal. 

Palliative  Treatment  of  Inguinal  and  Femoral  Hernia. — The  use  of  trusses, 
pads,  and  bandages  in  inguinal  and  femoral  hernia  becomes  necessary  in  adults 
as  a  temporary  measure,  and,  in  young  children,  as  a  possible  curative  measure 
in  suitable  cases.  In  congenital  hernia  the  closure  of  the  vaginal  process  may 
be  completed  shortly  after  birth  instead  of  earlier.     This  is  assisted  by  the  use 


Fig.  233. — Dressing  Suitable  for  Application  after  Herniotomy  (double  or  single).  Rubber  or 
gutta-percha  tissue  is  placed  over  gauze  to  shield  it  from  fluids  escaping  from  the  urinary  tract.  In 
young  and  restless  subjects  the  outer  bandages  may  consist  of  plaster  of  Paris  or  of  silicate  of  sodium. 
{Original.) 


of  some  support,  but,  in  many  cases,  it  tends  to  take  place  without  any  assist- 
ance. As  the  early  natural  time  of  closure  passes,  the  chances  of  spontaneous 
healing  grow  less.  In  the  first  year,  or  even  in  the  first  two  years,  of  life  many 
hernias  disappear.  Some  of  them  re-appear  in  later  childhood  or  in  adult  life. 
A  large  number  of  so-called  acquired  hernias  are  merely  relapses  of  former  con- 
genital ones.  This  will  be  found  to  be  markedly  true  when  the  facts  relating 
to  the  personal  and  the  family  history  are  accurately  obtained.  Less  importance, 
therefore,  should  be  attached  to  natural  cures  than  w^as  formerly  done.  It  is 
true,  nevertheless,  that  a  considerable  number  of  hernias  do  disappear  in  early 
life,  either  with  or  without  the  use  of  supports. 

In  infancy  the  best  support  is  the  "yarn  truss,"  a  large  soft   hank  of  wool 

yarn  tied  like  a  figure-of-eight  or  spica  upon  the  groin.     In  the  opinion  of  Drs. 

Walls,  Abt,  and  other  pediatrists  this  gives  better  average  results  than  does  a 

spring   tiniss.     Spring  trusses    for  use    in    infants   should  be  waterproofed  by 

VOL.  VII. — 38 
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having  their  springs  and  pads  enclosed  in  celluloid,  vulcanite,  or  rubber.  The}^ 
may  be  kept  on  the  patient  constantly,  even  during  bathing. 

For  adults  spring  trusses  take  the  place  of  all  other  belts  or  binders,  except 
in  certain  atypical  or  very  large  hernias.  Occasionally  an  irreducible  hernia 
of  large  size,  as  in  the  scrotum,  may  require,  to  prevent  further  enlargement,  a 
special  form  of  sac  or  support  modelled  to  its  particular  shape. 

Spring  trusses  are  furnished  by  most  manufacturers  upon  the  follo^^dng 
specifications: — (1)  Measurement  around  the  hips,  below  crests  of  ilia  (Fig. 
239);  (2)  side— right,  left,  or  double;  (3)  kind— inguinal,  femoral,  scrotal;  (4) 
size  of  ring;    (5)  location  of  ring,  direct,  indirect;    (6)  kind  of  pad — hard,  soft, 


Fig.  234. — The  Femoral  Canal.     The  dissection  shows  the  saphenous  vein  joining  the  femoral  vein 
below  Poupart's  ligament.      {From  Enderlen  and  Gasser.) 


water  pad,  air  pad;  (7)  tension  of  spring — light,  strong;  (8)  form  of  spring 
• — cross-body,  direct,  etc.     (Figs.  240  and  241.) 

Direct  truss  springs  apply  their  pressure  upon  the  side  encircled  by  the 
spring  itself.  Cross-body  trusses  pass  over  the  pubes  and  apply  their  pressure 
by  pads  on  the  opposite  side. 

Trusses  become  a  source  of  trouble  and  even  of  danger  when  the  hernia  tends 
to  escape  in  spite  of  their  support.  This  is  often  an  indication  that  some  hernial 
contents  remain  incarcerated  after  apparent  reduction.  Such  hernias  should 
be  cured  by  operation.  In  other  instances,  after  several  failures  to  adjust  the 
truss  properly,  some  slight  alteration  or  readjustment  of  the  apparatus  will 
make  it  satisfactory. 

Umbilical  Hernia. — The  congenital  element  in  umbilical  hernia  is  now- 
believed — just  as  it  is  in  the  inguinal  form  of  the  disease — to  be  predominant. 
In  other  words,  even  the  hernias  which  appear  later  in  life  probably  have  a  small 
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rudimentary  or  potential  pouch  from  birth.  CHnif-ally,  it  is  practicable  to 
classify  rujitiu'es  at  the  navel  into:  (1)  Congenital  funicular  hernia  of  the  cord; 
(2)  infantile  hernias,  which  dcvelo})  shortly  after  Ijirtli:  (3)  ac(|uired  hernias 
which  appear  in  adult  life. 

Under  normal  conditions  the  umbilical  ring  closes  at  birth,  the  obliteration 
of  the  ductus  omphalo-entericus  takes  place  normal!}',  and  the  visceral  or 
peritoneal  cavity  closes  perfectly,  witli  rio  iK)uch  left  in  the  f(etal  end  of  the 
umbilical  cord.  If  such  a  pouch  docs  remain  from  fcetal  life  it  is  enclosed  only 
by  the  dilated  network  of  cord  vessels  and  the  thin  layers  of  Wharton's  jelly  and 
the  amnion.      (Figs.  242  and  243.) 

The  opening  at  the  tmibilicus  may  be  excessively  large  and  the  tumor  thin- 


FiG.  235. — Femoral  Hernia.      {Original.) 

walled  and  translucent  at  birth,  or  it  may  be  small  and  dense.  Such  congenital 
sacs  are  analogous  to  the  conditions  observed  in  spina  bifida,  cleft  palate,  and 
other  failures  of  coalescence  in  fcttal  life.  So  great  is  the  defect  in  some  cases 
that  nearly  all  the  hollow  \dscera  and  the  liver,  spleen,  and  even  the  pancreas 
may  be  contained  in  the  hernial  timior.  Great  danger  of  ulceration  and  fatal 
uifection  is  present  in  the  large  thin-walled  sacs.  The  smaller  varieties,  in 
which  the  hernia  is  covered  with  natural  skin,  are  usually  reducible  by  direct 
pressure.  ^lost  of  the  infantile  and  acciuired  umbilical  hernias  are  of  this  kind, 
and  attain  large  size  only  when  left  unsupported  for  long  periods. 

Strangulated  Umbihcal  Hernia. — Two  extremes  in  size  of  umbilical  hernia 
are  especially  dangerous  when  strangulation  takes  place.  The  veiy  small 
globular  sacs,  which  represent  one  extreme,  are  often  hidden  in  the  panniculus 
and  can  be  disco\ered  only  by  palpation.  Allien  strangulation  occurs  in  such 
cases  an  error  of  diagnosis  is  likely  to  be  made,  and  the  truth  is  generally  not 
revealed  until  it  is  too  late  to  save  the  patient's  hfe  by  operation.     The  other 
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extreme — or  a  ^T'ry  large  sac — presents  another  danger,  due  to  the  complex 
multiple  form  of  the  protruding  mass.  Numerous  septa  divide  its  interior 
into  a  series  of  separate  compartments  or  loloules  of  one  sac.  One  or  more  of 
these  may  be  strangulated  and  not  others.  \\'c  have  seen  one  pocket  of  such 
a  hernia  containing  adherent  normal  intestine,  and  another  adjoining  with 
gangrenous  bowel.  This  leads  to  great  difficulties  and  dangers  in  performing 
herniotomy. 

As  the  patients  ^^■ho  have  these  enormous  sacs  are  often  in  a  septic  condition 
and  weakened  by  obesity  and  senility,  it  is  best,  in  certain  cases,  to  do  the 
slightest  operation  which  will  relieve  the  obstruction,  if  possible,  under  gas  or 
local  ansesthesia.     The  radical  operation  may  be  done  later. 

Treatment. — Under  mechanical  treatment,  if  begun  early,  exceptionally 
good  results  are  obtained  in  young  children.     It  is  as  if  Nature  needed  only  a 


Fig.  236. — Dissection  of  Pel^^s  from  within ;  the  peritoneum  has  been  removed.  This  specimen 
shows  double  femoral  hernia  and  double  external  femoral  hernia  in  the  same  individual.  {From  En- 
derlen  and  Gasser.) 

little  more  time  to  complete  a  closure  already  begun.  Belts,  trusses,  and  pads 
are  of  far  less  utility  than  broad  adhesive  straps,  which  should  be  placed  trans- 
versely across  the  navel  in  such  a  manner  as  to  draw  the  lateral  margins  of  the 
opening  together.  Plaster  strips  are  also  valuable  as  a  protection  when  the 
tumor  is  thin- walled  and  in  danger  of  ulceration.  The  ring  itself  may  be  covered 
by  a  pad  of  small  size  which  should  be  held  in  place  by  straps  of  adhesive  plaster, 
or  the  latter  may  be  used  alone  if  the  crumpled  sac  forms  its  own  pad.  To  sup- 
port the  first  straps,  additional  ones  may  be  laid  over  them  either  obliquely  or 
in  the  same  direction.     (Fig.  214.) 

The  Radical  Operation  for  Umbilical  Hernia. — Two  rather  opposite  types  of 
operation  have  come  into  general  use  for  umbilical  hernia — those  which  depend 
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upon  plastic  restoration  !)>"  l)rinuin,u-  the  st'paratcd  recti  nmsclos  once  more  into 
apposition,  and  those  whicli  utilize  the  thin  lihrous  edges  of  the  ring  without 
further  dissection.  Keen,  of  Philadelphia,  first  advocated  excision  of  the  navel 
as  a  stop  in  radical  cure.  This  was  adopted  bv  Luca.s-Chanipionniere,  Kocher, 
and  many  others.  Many  operators — Pfannenstiel.  Grasser,  WuelLstein,  and 
othei-s — devised  methods  of  mobilizing  and  replacing  the  displaced  recti  so  as 
to  bring  them  edge  to  edge  o\cr  the  ring.  These  nuiscles  haA'e  even  been  divided 
transvei-sely  and  crossed  like  a  letter  N  to  strengthen  the  wall  at  the  weak  point. 
Hartmann  caused  the  ends  of  the  cut  nuiscles  to  oveilap.  Heinrich  and  also 
Cahen  made  rectangular  flaps  of  one  rectus  and  then,  having  turned  them 
laterally,  sewed  them  into  slits  of  corresponchng  size  in  the  other  rectus.  Gold- 
spohn,  of  Chicago,  devised  a  method  by  means  of  which  tlie  recti  were  forced 
against    each  other  and  anchored  in  this  position  by  a  deep  ciuilted  suture. 


Fig.   237. Dissection  of  a  Large  Femoral  Hemia,  showing  its  close  relation  with  Poupart's  ligament, 

the  femoral  arterv,  and  the  femoral  and  saphenous  veins.     (Frotn  Enderlen  and  Gasser.) 


Of  the  other  types  of  operation.  W.  J.  Mayo's  method  of  closure  by  means  of  a 
transverse  or  horizontal  hne  of  division  with  overlapped  edges,*  is  the  most  popu- 
lar in  America.  (Figs.  245,  246,  and  247.)  The  valuable  feature  of  this  method 
is  to  be  found  in  the  fact,  hitherto  little  appreciated,  that  the  direction  of  the 
greatest  relaxation  in  the  pendulous  abdomen  is  from  above  downward,  not 
circumferentially.  This  is  exactly  the  opposite  of  the  pre^'ailing  behef  with  re- 
gard to  this  condition.  Yet  if  we  apply  the  test  of  drawing  the  edges  together, 
it  will  always  be  found  easier  to  approximate  the  margins  of  the  ring  from 
above  downward  than  laterally.     This  is  sufficient  e^'idence  that  they  '^ill  unite 

*  The  imbrication  method,  which  Mayo  was  the   first  to   employ  in  operations  for  the  cure 
of  umbilical  hernia. 
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better  in  that  position.  Theoretically,  the  normal  anatomical  conditions  are 
not  restored,  Init  rather  deformed  l)y  this  step,  since  the  diastasis  of  the  recti 
is  not  relieved  but  increased.  In  practice  the  oi)erati(jn  has  given  excellent 
results. 

The  skin  incision  should  be  made  in  either  a  transverse  or  a  vertical  direction, 
according  to  the  type  of  operation,  and  should  be  elliptical,  so  as  to  excise  the 
umbilicus  and  most  of  the  tumor  if  the  latter  happen  to  be  large.  Efforts  to 
cut  down  upon  the  sac  and  dissect  it  from  its  overlying  skin  are  dangerous  in 
large  obstructed  hernias,  on  account  of  the  close  union  between  the  peritoneum 
and  the  skin.  The  sac  will  usually  be  torn  or  cut  in  attempting  this,  and  the 
dissection  will  prove  bloody  and  tedious.  It  is  much  easier  to  cut  down  to  the 
fascial  margins  of  the  ring  on  each  side,  so  as  to  remove  the  entire  mass,  skin 
and  sac  included.     Not  infrequently  the  omentum  is  so  adherent  to  the  sac 


Fig.  238. — External  or  Premuscular  Femoral  Hernia.      {Original.) 


lining   that   it  must  be  amputated  at  the  ring.     The  peritoneum  may  next  be 
detached  and  sutured  as  in  an  ordinary  laparotom5\ 

In  case  closure  of  the  gap  in  the  recti  is  attempted,  these  muscles  must  be 
mobilized  by  opening  their  sheaths  a  long  distance  above  and  below.  In  fact, 
they  are  often  separated  throughout  nearly  their  whole  length.  A  deep  fascial 
suture  is  next  inserted,  thus  securing  a  strong  support  from  the  posterior  rectus. 
Then  the  muscles  themselves  are  brought  together  by  means  of  a  deep  or  quilted 
suture  and  the  edges  of  the  sheath  of  the  anterior  rectus  are  united  by  a  separate 
line  of  stitches  in  front.  The  tension  on  all  these  layers  is  extreme  and  the 
operation  often  proves  unsatisfactory  on  this  account.  It  is  as  if  the  whole 
stretching  of  the  abdomen  had  been  in  the  longitudinal  rather  than  in  the 
equatorial  direction,  and  the  stitches  seem  scarcely  able  to  bear  the  strain  of 
reducing  the  circumference.  The  opposite  technique  of  longitudinal  rather 
than  equatorial  direction  of  closure  has  become  popular  because  of  the  ease  with 
which  it  may  be  executed  and  the  certainty  of  the  result. 
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The  form  of  the  ring  is  always  circular.  Its  edges  can  be  made  to  overlap 
1)\-  the  introduction  of  three  or  four  deep  mattress  stitches,  ^Yhich  carr}-  the 
iipi)er  border  behind  tlie  lower  a  distance  of  from  two  to  four  centimetres. 
The  free  overlapjiing  lower  edge  is  next  sutured  to  the  front  of  the  upper  segment. 
The  two  segments  thus  imbricated  constitute  a  wall  of  double  thickness,  and, 


Fig.   239. 


Fig.   240. 


Fig.   239.- 
FiG.   240.- 


-Line  of  Measurement  to  be  Employed  in  Ordering  a  Spring  Truss 
-Elastic  Belt  Truss. 


inasmuch  as  one  line  of  sutures  supports  the  other,  failure  of  union  is  unlikely  to 
occur. 

Ventral  Hernia. — Hernial  protrusions  through  breaches  in  the  musculature 
appear,  not  only  after  ^^-ounds  but  also  spontaneously,  at  various  parts  of  the 
abdominal  wall.  Diastasis  of  the  recti  above  or  below  the  navel  causes  hernias 
at  the  linea  alba.     In  the  lower  abdomen  these  hernias  may  be  large  and  saucer- 


FiG.  241. — Single  and  Double  Hard-Pad  American  Spring  Trusses. 

shaped  or  dome-shaped;  they  amount  to  little  more  than  a  pouched  condition 
of  the  abdominal  wall  below  the  navel,  and  they  do  not  endanger  life  by  strangu- 
lation. If  bandages  are  worn,  such  hernias  cause  little  discomfort,  and  they 
may  not  require  other  treatment.  In  the  upper  abdomen  the  hernias  of  the 
linea  alba  are  a  type  by  themselves,  having  a  peculiar  history  and  requiring 
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operative  cure.  They  are  aptly  called  "epigastric  hernias."  They  appear  in 
the  middle  line,  about  three  inches  above  the  navel,  as  globular  sacs,  often 
buried  in  the  superficial  fat  so  as  to  be  detected  only  by  palpation.  When 
irreducible  they  give  no  impulse  and  are  easily  mistaken  for  small  lipomas  or 
other  external  solid  tumors.  In  general,  small  globular  masses  in  this  location 
may  be  looked  upon  with  some  degree  of  suspicion,  especially  if  they  are  accom- 
panied by  deep  pain  or  digestive  trouble.  In  some  instances  they  contain,  not 
only  omentum,  but  also  small  segments  of  the  wall  of  the  small  intestine,  the 
colon,  or  the  stomach,  and  the}^  cause  pain  and  other  disturbances  which  might 

easily  be  mistaken  for  manifestations  of  gastric 
ulcer  or  of  gall-stone  disease  or  for  an  acute  in- 
digestion. In  other  cases  the  hernial  tumors  are 
reducible  and  the  usual  impulse  at  the  ring  can 
be  felt. 

Etiology. — A  very  common  cause  of  ventral 
hernia  is  found  in  wounds,  particularly  opera- 
tive wounds  in  the  abdominal  wall.  Formerly 
this  complication  was  more  frequent  than  it  is 
at  present.  Layer-by-layer  closure  of  laparotomy 
wounds  has  largely  taken  the  place  of  the  single 
line  of  deep  through-and-through  stitches  which 
formerly  were  so  commonly  employed.  The  old 
method  permitted  gaping  of  the  strong  fascial 
layers,  even  when  the  skin  and  peritoneum  ap- 
peared, at  the  time  of  the  operation,  to  have  been 
brought  together  smoothly.  The  integrity  of  the 
wall  against  hernial  protrusion  depends  solely 
upon  the  strength  of  these  fasciae,  and,  when 
there  has  been  neglect  in  approximating  nicely 
the  edges  of  the  divided  fascia,  the  skin  and 
peritoneum  alone  cannot  resist  the  development  of  a  hernia. 

The  most  common  cause  of  ventral  hernia,  at  present,  is  infection,  which 
causes  stitch  abscesses  and,  as  a  corollary,  necessitates  drainage.  J\Iany  opera- 
tions upon  internal  pus  collections  are  of  such  a  nature  as  to  compel  the  use  of 
large  drains,  thus  preventing  primary  union  of  the  whole  or  a  part  of  the  wound. 
In  many  cases  only  a  small  part  of  the  stitches  become  infected  to  such  a  degree 
as  to  destroy  imion,  but  in  other  cases  the  greatest  care  cannot  prevent  all  parts 
of  the  suture  line  from  undergoing  suppuration  and  delayed  union.  Healing 
by  granulation  leaves  large  hard  cicatrices  which  seem  amply  strong  enough  to 
prevent  hernia,  but  which,  in  the  course  of  a  few  months  or  years,  become  atten- 
uated and  then  stretch  to  an  almost  urilimited  degree.  One  may  therefore  infer 
in  a  general  way,  from  the  size  and  massiveness  of  the  scar,  just  how  great  will 
be  the  subsequent  hernial  protrusion.  These  cicatrices  occasionally  stretch  to  a 
balloon-like  degree  of  thinness  (as,  for  example,  after  certain  appendix  operations) 
so  that  the  coils  of  intestine  can  be  seen  outlined  through  their  walls.     More 


Fig.  242. — Schematic  Section  of  a 
Congenital  Umbilical  Hernia. 

a  a,  Ring ;  B,  abdominal  wall ;  he, 
adhesions  and  new  vessels  from  the 
lining  of  the  amniotic  cavity ;  H,  sac 
cavit}';  A,  amniotic  cavity;  Z),  om- 
phalo-mesenteric  duct;  A'",  umbilical 
cord. 
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commonly  the  hernial  protm.'^ion  lies  between  two  layers  of  the  muscles  or  out- 
side the  muscles  in  the  subcutaneous  fat.  Such  hernias  have  sacs  which  may  be 
bottle-like,  wiili  iiaiiow  orifices  passing  through  tlif  muscles.  Ventral  hernias 
occur  in  the  site  of  laparotomy  wounds  at  the  middle  line,  in  the  region  of  the 
appendix,  in  the  epigastric  and  gall-tract  regions,  and  in  the  lumbar  region,  at 
the  site  of  the  incision  made  for  a  kidney  operation.  They  also  may  appear  at 
the  site  of  any  wound  or  laceration  due  to  an  injury  (jr  a  stab  or  bullet  wound. 

In  the  Mercy  Hospital  Clinic  I  recently  had  under  my  care  a  patient  who,  in 
consequence  of  a  crushing  injury  of  the  chest  and  abdomen,  had  experienced  a 
false  hernia  of  the  colon  and  part  of  the  liver,  complicating  a  hernia  of  the  lung. 
Recovery  took  place  in  due  time.  and.  after  the  final  healing,  a  true  ventral  hernia 
persisted  in  the  right  hypochondrium. 

Treatment. — Palliation  l-)y  bandages,  belts,  and  spring  trusses  may  pre- 
vent increase  in  the  size  of  the  protrusion.  In  many  cases  the  prophylactic 
use  of  such  supports  fails  to  prevent  hernia  from  appearing.  Ijut  it  may  restrain 
the  tumor  from  assuming  large  proportions. 

Operations  upon  ventral  hernia  vary  with  the  locality,  the  degree  of  the 


^^^S**' .  -  § 


Fig.  243. — Diagram  Showing  a  Congenital  Hernia  of  tlie  Xavel  and  Corel.     The  sac  contains  both 
hollow  and  soUd  ^•isce^a.      (From  Wilms.) 

U,  UmbiUcal  cord;   /,  intestine;   L,  liver;    L  T,  round  ligament;    V ,  stomach;   C,  colon;   R,  ring. 


defomiity,  and  the  amount  of  destruction  of  tissue  which  has  taken  place  about 
the  false  opening.  In  many  cases  dangerous  adhesions  exist  between  the  \'is- 
cera  and  the  interior  of  the  sac.  In  other  cases  destructive  cutting  of  muscles 
or  their  motor  nerves  has  caused  large  breaches  in  the  smooth  contour  of  the 
abdominal  wall  which  can  never  be  restored  by  merely  suturing  the  lavers.  In 
such  cases  it  may  be  better  to  resort  to  flap  methods,  as  by  imbrication  of  rec- 
tangular flaps  of  the  rectus  sheath,  and  to  make  an  anatomical  dissection  ha^dng 
for  its  purpose  to  free  the  various  planes  of  fascia,  in  order  that  afterward  they 
may  be  restored  to  their  normal  relations. 

The  treatment  of  epigastric  hernia  should  be  by  operation.    The  small  sac 
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should  bo  removed  and  the  minute  opening  or  ring  should  be  closed  by  one  or 
more  stitches.  In  operations  upon  these  small  hernias  the  same  care  should  be 
exercised  not  to  wound  any  hernial  contents,  as  is  observed  in  ojjerations  upon 
the  larger  hernias. 

It  is  not  po.ssible  to  plan  any  one  operative  method  which,  with  slight  modi- 
fications, may  be  adopted  for  ventral  hernias  in  various  parts  of  the  abdomen. 
In  a  large  proportion  of  hernias  due  to  post-operative  suppuration  and  character- 
ized by  scars  which  have  formed  adhesions  in  many  different  directions,  I  find 
it  much  easier  to  enter  the  abdomen  from  one  side  rather  than  through  the  scar 
or  sac.  I  make  an  elliptical  incision  around  the  vrhole  cicatricial  area,  and  then, 
after  the  necessary  dissection,  I  remove  the  entire  mass,  thus  making  it  possible 
to  secure  a  linear  wound  when  the  opposite  edges  are  brought  together  and 
sutured.  After  removal  has  been  accomplished  I  open  the  abdomen  at  a  point 
to  one  side  of  the  ring.  If  it  be  found  that  the  omentum  is  adherent,  the  portion 
which  is  adherent  may  be  freed  or  cut  off.  When  the  bowel  is  found  to  be  ad- 
herent to  the  sac  the  separation  calls  for  the  most  careful  dissection.     Herein 


Fig.  244. — Two  Different  Patterns  of  Spring  Trusses  for  Use  in  Umbilical  Hernia. 


lies  the  advantage  of  the  lateral  incision,  enabling  us  to  make  this  dissection 
from  the  peritoneal  side.  In  a  ventral  hernia  the  sac  cannot,  if  much  scar  tissue 
is  present,  be  stripped  from  the  overlying  skin  as  it  can  in  the  case  of  a  femoral 
o-r  an  inguinal  hernia.  Rather  than  attempt  this  it  is  safer,  after  entering  the 
abdomen,  to  cut  around  the  ring  margins  a  little  to  one  side  and  allow  the  sac 
and  overlying  cicatrix  to  be  removed  in  one  piece.  Of  course,  some  ventral 
hernias  have  small  rings  and  bottle-shaped  sacs  which  can  be  treated  by  enuclea- 
tion and  ligation  at  the  neck.  When  the  ring  is  large,  the  peritoneum  should 
be  closed  by  a  line  of  buried  sutures,  and,  for  some  distance  from  the  margins 
of  the  ring,  it  should  be  undermined  or  detached,  in  order  to  give  it  elasticity 
and  to  favor  the  plastic  work  outside.  After  the  margins  of  the  ring  have 
been  drawn  together  in  the  direction  of  least  tension  they  should  be  united  by 
sutures.  If  the  layers  of  tissue  are  intact,  the  wound  may  be  closed  by  tiers 
of  buried  stitches  in  the  same  manner  as  is  done  in  an  ordinary  laparotomy. 
In  fact,  the  ideal  operation  is  one  which  can  be  managed  in  this  way.  A\Tiere 
loss  of  muscle  and  fascia  makes  this  impracticable  the  thin  edges  of  the  ring 
may  be  made  to  overlap  to  the  extent  of  about  one-half  the  diameter  of  the 
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opening,  or  as  much  as  iy  possible  under  moderate  tension.  A  number  of  mat- 
tress stitches  are  made  to  hold  the  deeper  segment  at  a  semicircular  line  inside 
the  ()pi»()sing  edge.  The  o\Trlapping  margin  of  the  outer  layer  is  then  sutured 
firmly  so  that  it  shall  bear  its  share  of  the  tension  of  the  wound.  If  the  fascial 
l)art  of  the  incision,  as  mentioned  above,  is  somewhat  to  one  side  of  the  skin 
incision,  this  relation  of  the  parts  favors  union  with  a  minimum  of  adhesion 
between  layers. 

Obturator  Hernia. — The  obturator  foramen  is  closed  b}^  a  strong  septum, 
the  ol^turator  nicinbrane,  which  is  usually  in  two  layers  separated  by  light 
areolar  tissue.  The  obturator  internus  and  externus  nuiscles,  which  spring 
from  th(^  inner  and  outer  surfaces  of  this  membrane,  pass  toward  the  trochanter 
major  as  extcn-nal  rotators  of  the  femur.  The  obturator  canal  or  sulcus  permits 
the  passage  of  the  obturator  nerve,  artery,  and  vein  in  the  order  named,  from 


Fig.  24.5. — The  Drawing  Shows  the  First  Stage  of  Mayo's  Transverse  Suturing  of  the  Umbilical 
Ring  bv  the  Imbrication  Method.  (From  Bryant's  "Operative  Surgerv,"  Appleton  &  (o.,  New 
York,  1905.) 

above  downward.  This  canal  is  normally  less  than  2  cm.  in  length  and  only 
large  enough  to  transmit  the  nerve  and  vessels  in  their  course  through  the 
obturator  membranes  beneath  the  horizontal  ramus  of  the  pubis. 

Hernias  through  the  obturator  foramen  appear  in  the  front  of  the  thigh  not 
far  from  the  location  of  the  femoral  artery,  but  at  a  somewhat  greater  depth 
or  more  posteriorly.  There  exists  some  evidence  in  favor  of  the  belief  that 
they  may  sometimes  be  of  congenital  origin,  but  clinically  they  are  not  often 
seen  in  children.  Men  are  less  often  affected  than  women,  and,  in  the  cases 
belonging  to  the  latter  sex,  it  appears  from  the  reports  that  the  patients  were 
of  an  advanced  age,  several  of  them  beyond  the  sixtieth  year  of  life.  This  may 
be  explained  by  the  facts  that  the  pelvis  is  wider  in  women,  that  the  bones  are 
more  tilted,  and  that  atrophy  and  the  deposit  of  fat  are  often  observed  in  ad- . 
vanced  age.     Obturator  hernias  may  be  double  or  single  and  may  contain  either 
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omentum  or  intestine.  Cases  are  reported  in  which  the  hernial  sac  contained 
the  tubeS;  ovaries,  or  the  bladder. 

Diagnosis. — On  account  of  the  small  and  deeply  buried  sac  the  diagnosis 
of  obturator  hernia  may  be  difficult  or  impossible  except  when  strangulation 
occurs.  Palpation  may  give  negative  results  except  when  made  bimanually 
through  the  vagina  or  the  rectum.  With  the  bladder  and  rectum  previously 
emptied  it  is  possible  to  detect  a  cord-like  mass  leading  downward  to  the  obtura- 
tor foramen.  Another  sign  that  is  usually  present  is  retraction  of,  or  slight  loss 
of  power  to  extend,  the  thigh.  This  is  also  a  symptom  of  psoas  and  iliac 
abscess. 

The  Hoivship-Romherg  Sign. — One  trustworthy  symptom  of  obturator  hernia 
is  the  How^ship-Romberg  sign.  It  consists-  of  neuralgias  and  paraesthesias  of 
the  obturator  nerve.  This  symptom  is  especially  marked  when  the  hernia  is 
under  great  pressure  or  is  strangulated.     The  pain  is  referred  along  the  inner 


Fig.  246. — The  Drawing  Shows  the  Second  Stage  of  Mayo's  Transverse  Suturing  of  the  Umbilical 
Ring  by  tlie  Imbrication  Method.  (From  Bryant's  "Operative  Surgery,"  Appleton  &  Co.,  New 
York,  1905.) 


aspect  of  the  thigh  to  the  knee  or  to  a  point  a  little  below  the  knee,  and  some- 
times to  the  region  of  the  hip-joint — i.e.,  to  the  parts  which  are  supplied  by 
the  obturator  nerve.  Pain  may  be  accompanied  by  numbness,  prickling  and 
formication,  and  occasionally  by  hypersesthesia  and  even  muscular  paralysis. 

The  differentiation  of  obturator  hernia  from  a  femoral  hernia  and  from 
psoas  abscess  depends  upon  the  exact  localization,  the  tumor  in  the  obturator 
variety  coming  from  underneath  the  pectineus  muscles  and  fascia  rather  than  in 
front  of  them.  Many  cases  have  been  diagnosed  only  after  strangulation  has 
persisted  for  some  time.  In  a  case  of  bowel  obstruction  of  unknown  origin 
a  careful  examination  for  obturator  hernia  should  be  made,  and  the  condition 
excluded  in  arriving  at  a  diagnosis. 

Treatment.— The  treatment  of  obturator  hernia  has  given  a  high  mortality 
— about  forty  per  cent,  according  to  the  statistics  of  H.  Schmidt.  This  is  due 
to  the  late  stage  of  the  disease  and  the  fact  that  the  subjects  were  mostly  aged 
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feeble  women.  Few  or  no  cases  have  been  operated  uj)on  except  for  strangula- 
tion. I'nder  non-operative  treatment  the  results  have  been  much  worse, 
aceordinu;  to  Schmidt— that  is.  fifty-six  cases  with. a  mortality  of  one  hundred 
per  cent.  The  operation  of  choice  should  in  some  cases,  especially  those  in 
which  the  diagnosis  is  in  doubt,  be  a  laparotomy  from  above.  The  strangulated 
bowel  can  then  be  dealt  with  in  whatever  manner  its  condition  calls  for.  For 
tlirect  operations  upon  the  hernia  a  vertical  incision  is  made  over  the  saphenous 
opening.  The  inner  margin  of  the  pectineus  muscle  is  drawn  outward  after  the 
fascia  lata  has  been  divided.  It  is  sometimes  better  to  divide  the  pectineus 
longitudinally  Ia"  blunt  separation  of  its  fibres  or  to  cut  its  origin  partly  from 
the  bone.     The  sac  is  found  between  the  ileo-psoas  and  the  adductor  bre\-is 


Fig.  247. — The  Third  Stage  of  Mayo's  Transverse  Suturing  of  the  Umbilical  Ring  by  the  Imbrication 
Method.      (From  Bryant's  "Operative  Surgery-,"  Appleton  &  Co.,  Xew  York,  1905.) 


muscles,  it  having  passed  abo^•e  the  obturator  externus  muscle.  ^lore  rarely 
it  passes  behind  and  below  this  tendon.  The  exploration  and  extirpation  of 
the  sac  in  this  narrow  space,  without  injuring  the  vessels  and  nerves  wliich  lie 
against  it,  is  a  difficult  operation.  The  location  of  the  vessels  may  be  made 
out  by  palpation,  and.  by  the  aid  of  this  knowledge,  one  ma}-  divide  the  con- 
striction without  injuring  them.  The  outward  direction  of  the  cut  aids  greatly  in 
warding  off  the  possibility  of  this  accident.  On  account  of  the  danger  of  such  a 
complication  it  is  doubtless  wiser  to  resort  to  a  laparotomy,  as  mentioned  above. 
Riedel  advised  the  securing  of  a  freer  opening  by  resecting  the  pubic  ramus, 
which  forms  the  upper  boundary  of  the  ring.  Bardenheuer  closes  the  gap  which 
such  an  operation  produces  b}"  utilizing  a  flap  of  the  pectineus  muscle  or  by 
making  an  osteoperiosteal  flap  of  the  bone  itself. 

Ischiatic  or  Sciatic  Hernia. — The  sciatic  notch  is  crossed  by  the  great  sacro- 
sciatic  ligament  in  such  a  manner  as  to  form  the  greater  sciatic  foramen,  an 
opening  which  is  partly  filled  by  the  pyriformis  muscle.     Two  spaces  are  left — 
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one  above  this  muscle  and  one  below  it.  The  upper  space  affords  a  passage  to 
the  superior  gluteal  vessels  and  nerve,  and  the  lower  one  transmits  the  ischiatic 
vessels  and  nerves  and  the  internal  pudic  vessels  and  nerves.  These  spaces 
above  and  below  the  pyriformis  muscle  are  the  sites  of  two  types  of  sciatic  hernia 
named  by  Garre  ''hernia  suprapyriformis "  and  "hernia  infrapyriformis."  In 
both  forms  the  hernial  tumor  protrudes  underneath  the  gluteus  maxinuis  and 
is  therefore  deeply  buried.  A  third  form  of  sciatic  hernia  is  found  at  the  lesser 
sciatic  foramen,  through  which  pass  the  obturator  internus  muscle  and  its  nerve 
and  also  the  internal  pudic  nerves  and  vessels.  This  third  type  is  also  called 
"hernia  spinotuberosa "  and  is  the  least  common  form.     (Fig.  248.) 

Most  of  the  sciatic  hernias  have  occurred  in  women  past  middle  life.  In 
addition  to  the  pain  which  usually  accompanies  all  hernias,  there  is  one  other 
sign  of  diagnostic  value,  viz.,  the  presence  of  a  tumor,  which  is  located  l^eneath 
the  gluteal  muscles  on  one  side  and  which  in  most  cases  disappears  on  pressure. 
Sometimes  these  hernial  tumors  are  very  large  and  they  may  extend  to  the 
anal  region  and  even  to  the  coccyx.  The  differential  diagnosis  is  to  be  made  from 
an  aneurysm  of  the  gluteal  artery,  from  a  cold  abscess,  and  from  a  neoplasm 
(for  example,  a  teratoma)  located  behind  the  sacrum. 

The  treatment  of  sciatic  hernia  by  any  form  of  truss  is  not  practicable. 
Few  operations  have  been  performed  except  in  the  emergency  of  strangulation. 
When  one  operates,  the  best  course  is  to  make  the  incision  between  the  tuber- 
osity of  the  ischium  and  the  coccyx,  in  a  direction  parallel  to  the  lower  border 
of  the  gluteus  maximus.  This  muscle  should  be  bisected  by  a  second  upward  cut, 
the  two  together  forming  a  T-shaped  incision.  The  gluteus  medius  must  next  be 
exposed  and  divided  high  enough  to  enable  the  operator  to  reach  the  space  above 
or  below  the  pyriformis  muscle,  according  to  the  type  of  the  hernia.  The  large 
size  of  the  vessels  encountered  makes  this  operation  often  bloody  and  difficult. 
After  a  wide  exposure  and  careful  ha^mostasis  it  is  usually  possible  to  isolate 
and  remove  the  sac,  and  to  place  stitches  in  the  nmscular  and  ligamentous 
margin  of  the  ring. 

Perineal  Hernia. — Hernias  in  the  perineum  in  men  and  women  occur  both 
independently  and  in  association  with  prolapse  of  various  organs  (the  anus, 
uterus,  bladder,  etc.).  At  the  points  where  the  natural  outlets  of  these  viscera 
(rectum,  vagina,  etc.)  pass  through  the  pelvic  floor  or  partition,  an  opportunity 
is  afforded  for  the  development  of  a  hernia.  A  possible  congenital  element  is 
suggested  by  Ebner,  who  cites  the  facts  that  the  pouch  of  Douglas  (recto- 
vaginal pouch)  and  the  recto-vesical  pouch  are  relatively  deeper  in  the  fa'tus 
and  in  infancy  than  they  are  in  adults,  and  that  they  may  even  form  diver- 
ticula, as  in  the  case  of  infantile  or  congenital  inguinal  hernias.  The  natural 
pelvic  orifices  (urethral,  vaginal,  rectal)  are  perforations  through  the  urogenital 
diaphragm,  which  latter  may  be  defined  as  a  central  ligamentous  septum  of 
the  pelvic  floor,  the  lateral  halves  of  which  are  composed  of  muscular  tissue — 
i.e.,  the  two  levator  ani  muscles.  The  physiological  outlets  for  the  viscera  also 
afford  passage  to  the  vessels  and  nerves,  and  the  remaining  space  is  filled  with 
layers  of  adipose  tissue.     Probably  age  and  sedentary  life  cause  some  atrophy  of 
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these  structures.  They  may  also  be  weakened  by  scar  tissue  from  rectal  opera- 
tions and  from  perineal  lacerations  in  confinement,  and  by  the  more  horizontal 
direction  assumed  by  the  levator  ani  after  repeated  pregnancies. 

Perineal  hernias  usually  are  central, — that  is,  infrapubic, — Ijut  they  may, 
under  certain  circumstances,  occujiy  lateral  positions  in  one  or  the  other  of  the 
ischiorectal  fossa.  This  occurs  when  the  sac  is  forced  through  the  fibres  of  the 
levator  ani  near  the  tuber  ischii,  instead  of  between  the  t^^•o  muscles.  This  is 
termed  by  Borscke  "hernia  endopelvina."  It  is  an  incomplete  perineal  hernia 
and  may  escape  posteriorly  so  as  to  simulate  sciatic  hernia,  as  in  cases  reported 
by  Garre.  Again,  when  the  protrusion  is  very  close  to  the  symj^hysis  it  may 
enter  the  labium  majus  and  be  mistaken  for  complete  inguinal  hernia. 

Central  perineal  hernias  usually  appear,  as  their  name  indicates,  in  the 
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Fig.  248. — Dissection  of  the  Gluteal  Region,  Showing  an  Ischiatic  Hernia  Escaping  underneath  the 
Gluteus  Maximus,  between  the  Pyriformis  and  Obturator  Muscles.      {From  Gasser.) 


perineum,  and  are  easily  diagnosed,  especially  in  males,  from  the  presence  of 
a  reducible  tumor  of  moderate  size.  The  large  hernias  are  commonly  associated  • 
with  some  form  of  prolapse  occurring  behind,  in  front  of,  or  to  one  side  of,  a 
prolapsed  rectum,  vagina,  or  bladder.  Grave  accidents  have  followed  the  care- 
less incision  or  attempted  removalof  hernial  masses  pressing  upon  these  struct- 
ures, in  the  erroneous  belief  that  the  masses  in  question  were  polypi  or  other 
growths. 

In  general,  the  treatment  of  perineal  hernia  by  trusses  or  supports  is  un- 
satisfactory. A  cure  of  the  condition  by  operation  is  attempted  generally  in 
connection  with  plastic  operations  on  the  perineum  or  rectum,  and  is  only  an 
incident  or  step  in  this  work. 

Lumbar  Hernia. — Hernia  in  the  loin  or  lumbar  muscles  is  one  of  the  rarest 
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fomis  of  rupture,  appearing  only  alwut  once  in  four  or  five  thousand  cases  of 
hernia  examined.  Paul  Berger,  in  16,800  hernias  of  10,000  jjatients  examined 
in  the  Paris  hospitals,  reported  only  two  instances  of  lumbar  hernia.  Few- 
observers  have  seen  more  than  one  or  two  cases,  a  number  of  these  being  reported 
as  cured  by  operation  by  Grasser,  Brown,  Wolff,  Hein,  de  Quervain,  Macready, 
and  others  in  Europe,  also  by  Bull  and  Dowd  in  America. 

There  appears  to  exist,  in  the  anatomical  arrangement  of  the  lumbar  and 
abdominal  muscles,  a  certain  predisposition  to  the  formation  of  a  weak  point 
below  the  twelfth  rib.  AMien  the  latissimus  dorsi  is  drawn  backward  the  origin 
of  the  internal  oblic^ue  and  the  border  of  the  serratus  posticus  inferior  are  seen 
to  be  separated  by  a  space  covered  with  fascia.  This  space  is  rhomboidal  in 
shape,  bounded  by  the  erector  spinae  behind,  by  the  external  obhque  in  front, 
and,  as  already  stated,  by  the  twelfth  rib  or  the  serratus  above,  and  by  the 
internal  oblique  muscle  below.  Its  floor  is  identical  with  the  deep  layer  of  the 
lumbar  fascia — the  fascia  lumbo-costalis  of  Kocher.  This  space  is  covered  by 
the  latissimus  dorsi  muscle.  Pettit's  triangle,  especially  its  upper  angle,  is  also 
believed  to  be  a  weak  point  in  the  lumbar  region.  Although  this  has  been 
disputed  by  Braun,  Dowd's  successful  operation,  in  a  case  of  lumbar  hernia, 
was  perforaied  at  this  point.     (Fig.  249.) 

Lumbar  hernia  may  be  either  congenital  or  acquired.  In  foetal  life  or  in 
early  infancy  atrophy  of  the  muscles  of  the  loin  may  occur  from  nerve  injury 
or  from  poliomyelitis,  causing  a  yielding  and  displacement  of  their  margins. 
In  adults  the  occurrence  of  lumbar  hernia  has  been  known  to  follow  traumatism 
by  direct  blows,  by  falls  causing  intra-abdominal  pressure,  by  the  strains  of 
coughing  and  of  parturition,  etc.  The  symptoms  commonly  observed  at  the 
time  have  been  a  sensation  as  of  tearing  felt  at  the  moment  of  protmsion.  There 
have  also  been  reported  cases  in  which  the  hernia  has  taken  place  in  the  scar 
tissue  resulting  from  a  cold  abscess  or  a  perinephritic  abscess.  The  hernia  may 
be  double,  as  reported  by  Fedorows.  In  most  cases  a  hernial  sac  has  been 
found,  but  in  1889  Hutchinson  reported  an  instance  of  a  traumatic  lumbar 
hernia,  the  size  of  an  orange,  in  which  a  sac  was  wholly  lacking. 

It  is  usually  easy  to  determine  the  presence  of  a  lumbar  hernia,  but  not  so 
easy  to  determine  its  exact  point  of  exit  or  the  location  of  the  inner  orifice.  In 
forty-nine  cases  Jeannel  found  only  nine  which  had  been  examined  by  autopsy 
or  by  operation.  In  four  cases  only  was  the  exact  location  determined,  and, 
of  these,  one  was  found  at  Pettit's  triangle  and  three  at  the  superior  trigonum 
lumbale. 

The  treatment  of  lumbar  hernia  may  be  like  that  of  any  ventral  hernia,  viz., 
by  means  of  trusses,  provided  the  hernia  is  reducible.  Many  cases  have  been 
observed  only  after  strangulation  had  occurred,  and  they  have  been  treated  by 
herniotomy.  The  operation  is  not  difficult  and,  in  good  subjects,  is  reasonably 
safe.  It  consists  (according  to  Dowd)  in  placing  a  double  row  of  sutures  in 
the  margins  of  the  muscles  after  the  sac  has  been  extirpated  dowTi  to  the 
orifice  in  the  lumbar  fascia.  Kuester,  in  cases  where  the  defect  was  very  large, 
employed  a  special  flap.     He  accomplished  this  by  lifting  up  a  large  flap  of  skin. 
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imisclc,  and  poriostouni  from  the  crest  of  the  ilium,  rotatinu'  it,  and  then  stitch- 
ing it  over  the  ring. 

The  Internal  Hernias  of  the  Abdomen. — The  term  retroperitoneal  or  internal 
hernia  is  applied  to  those  cases  in  which  the  viscera  become  entangled  in  their 
own  internal  recesses,  without  giving  rise  to  any  visible  external  tumor  of  the 
abdominal  wall.  Invagination  and  intussusception  are  not  included  here,  nor 
are  cast-s  in  which  coils  of  small  intestine  become  strangulated  by  sliding  under 
bands  of  old  adhesions  or  into  apertures  in  their  own  mesentery.  There 
exist,  along  the  course  of  the  intestines  themselves,  several  natural  openings 
into  which  loops  of  bowel,  especially  of  the  small  intestine,  may  slip  and  be- 
come strangulated.  It  is  usually  when  they  are  in  a  state  of  strangulation 
that  these  hernias  are  observed;  hence  their  importance  is  chiefly  as  possible 
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Fig.  249. — Dissection  of  Right  Lumbar  Region,  Showing  Hernial  Protrusion,  Triangular  Space  below 
the  Twelfth  Rib,  the  Latissimus  Dorsi,  and  the  External  and  Internal  Oblique  Muscles.  {From  Ender- 
len. ) 

factors  in  acute  intestinal  obstruction.  It  is  rare,  in  cases  of  this  nature,  that 
a  diagnosis  of  the  true  state  of  affairs  has  been  made  except  at  operation  or 
at  autopsy.  The  chief  locations  of  an  internal  hernia  are:  (1)  the  foramen  of 
Winslow;  (2)  the  ligament  of  Treitz  (duodeno-jejunal  fossa);  (3)  under  the 
colon  (ileocaecal,  ileoappendicular,  etc.);  (4)  between  the  coils  of  the  sigmoid 
flexure  (intersigmoid) . 

(1)  Hernia  at  the  Foramen  of  Winsloic. — A  few  cases  only — about  twenty, 
according  to  Moynihan — have  been  put  on  record.  It  is  difficult  for  the  small 
intestine  to  reach  this  foramen,  which  is  located  above  the  colon  and  duodenum 
and  behind  the  common  duct.  AVhen  the  mesentery  is  abnormally  long  or  is 
continuous  with  the  mesocolon,  so  that  the  latter  is  long  and  the  colon  not  fixed  to 
the  posterior  wall,  or  when  the  foramen  of  Winslow  is  abnormally  large,  conditions 
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may  favor  the  passage  of  the  bowel  through  this  orifice  into  the  lesser  peritoneal 
cavity.  Jeanbrau  and  Riche  assert  that,  when  this  takes  place,  there  is  formed 
a  palpable  tumor  which  is  more  dull  on  percussion  than  the  rest  of  the  abdomen. 
This  early  tumefaction  is  important  for  the  diagnosis.  It  may  be  directly  in 
the  centre  or  more  toward  the  right,  and  its  centre  may  coincide  with 
the  umbilicus,  or  it  may  lie  considerably  above  it,  but  always  below  the 
costal  arch.  In  none  of  the  cases  on  record  was  the  trouble  diagnosed  early. 
In  some  it  was  overlooked  even  at  the  laparotomy.  The  small  intestine  is 
generally  involved.  The  stomach  is  forced  forward  and  the  afferent  loops  of 
intestine  are  distended  and  held  immovable  under  the  liver,  high  up  to  the 
right.  No  hernial  sac  is  visible  except  in  the  rare  cases  in  which  the  intestine 
has  sHpped  between  the  two  sheets  of  the  great  omentum.  When  the  finger  is 
able  to  trace  the  course  of  the  incarcerated  intestine,  the  pulsation  of  the  large 
hepatic  artery  can  be  perceived.  In  the  eleven  cases  in  which  an  operation  was 
undertaken  it  was  found,  in  all  but  four  instances,  to  be  too  late  to  save  the 
patient.  An  incision  into  the  intestine  should  be  made  to  evacuate  its  contents; 
after  which  the  reduction  of  the  hernia  is  easy.  Between  the  vena  cava  and 
the  duodenum  there  is  a  sheet  of  loose  cellular  tissue  through  which  it  is  easy 
to  expose  the  lower  part  of  the  foramen  of  Winslow  after  the  anterior  sheet  of 
the  lesser  omentum  has  been  incised  over  the  upper  duodenum,  in  a  direction 
parallel  to  its  longitudinal  axis. 

The  treatment  of  this  condition  is  by  open  laparotomy,  and  there  is  presented 
to  the  surgeon  a  grave  and  almost  insoluble  problem  as  to  how  be&t  to  relieve 
the  constriction.  Our  experience  with  gall-tract  surgery  has  made  us  familiar 
with  this  orifice,  as  it  is  usually  explored  with  the  finger  when  an  examination 
of  the  common  duct  is  made.  The  anterior  margin  of  the  ring  is  formed  by  the 
gastrohepatic  ligament,  which  carries  the  common  duct,  the  portal  vein,  and 
the  hepatic  artery.  Posteriorly  we  find  the  vena  cava  in  close  relation.  Divid- 
ing the  ring  by  cutting  or  tearing  would  seem  to  be  impossible.  Although  Jean- 
brau and  Riche  worked  out,  on  a  cadaver,  a  method  of  accompHshing  this  by 
mobilizing  the  structures  in  the  ligament  it  has  never  been  done  on  the  living 
subject,  and  probably  could  not  be  done  without  causing  death.  It  would  be 
safer,  as  advised  by  Moynihan,  to  open  the  lesser  peritoneum  and  drain  the 
distended  bowel  to  facilitate  reduction,  or  to  make  a  lateral  anastomosis  outside 
the  obstruction  and  operate  later  for  the  hernia. 

(2)  Duodenal  Hernia. — Duodenal  hernia,  or  paraduodenal  hernia,  appears 
at  the  point  of  exit  of  the  jejunum  from  beneath  the  transverse  colon.  Since 
1857,  when  Treitz  first  described  this  condition,  numerous  other  cases  have  been 
reported. 

The  duodenum  is  not  provided  with  a  mesentery  and  is  the  least  movable 
part  of  the  small  intestine.  Emerging  at  the  ligament  of  Treitz  it  becomes  an 
intraperitoneal  organ  where  it  joins  the  jejunum.  At  this  point  of  emergence, 
the  duodeno-jejunal  angle,  several  small  fossse  are  seen  when  the  tra-nsverse 
colon  is  drawn  upward  and  the  field  is  well  exposed.  The  two  main  depressions 
are  located,  one  upon  the  right  and  the  other  upon  the  left  side  of  the  jejunum, 
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and  they  arc  the  starting  points,  respectively,  of  a  right-sided  and  a  left-sided 
duodenal  hernia;  in  other  words,  th(>se  depressions  are  located  to  the  right  or 
to  the  left  of  the  howcl  wall  at  the  insertion  of  the  t i-aiis\-crs('  njesoeolon.  Upon 
the  left  side  there  are  habitually  two  smaller  fossa; — an  anterior  and  a  posterior 
fossa — which  form  depressions  in  the  peritoneal  fold  of  the  mesocolon.  Through 
these  fossae,  when  enlarged,  the  hernial  sac  may  extend  on  either  side  of  the 
bowel,  so  as  to  reach  the  region  of  the  pancreas  or  even  that  of  the  left  kidney. 
The  orifice  may  gradually  become  enlarged  so  as  to  allow  an  extension  of  the 
hernial  mass  retroperitoneally  as  far  as  the  spleen,  the  descending  colon,  or  the 
bifurcation  of  the  aorta.  In  such  cases  a  tumor  usually  may  be  felt  by  anterior 
palpation,  l^ut  the  diagnosis  has  seldom  been  made  except  by  opening  the 
abdomen. 

Duodenal  hernia  was  believed  by  Treitz  always  to  be  acquired,  while  Landzert 
asserts  that  it  is  always  of  congenital  origin.  Its  sudden  appearance  in  adult  life 
points  to  a  probable  traumatic  origin,  as  happens  in  a  ventral  hernia,  ^'autrin 
has  reported  two  cases,  in  one  of  which  he  ascribes  the  trouble  to  an  old  scoliosis. 

The  infliction,  as  regards  the  symptoms  and  the  position  of  the  tumor,  is  in 
many  respects  like  the  hernia  at  Winslow's  foramen.  The  more  left-sided  and 
lower  location  would  usually  distinguish  it  from  the  latter  variety  of  hernia. 
The  operative  indications  are  the  same,  except  that  more  liberty  in  di\dding 
the  constriction  may  be  allowed.  This  orifice  transmits  the  mesenteric  vessels  and 
nerves  as  well  as  the  duodenum  and  hernia,  but  it  may  be  di\dded  wdth  com- 
parative safety  on  three  sides.  Hence  there  is  no  special  difficulty  about  reliev- 
ing the  strangulation  and  permitting  reduction  of  the  hernial  mass. 

(3)  Retroccecal  Hernia. — Retrocsecal  varieties  of  retroperitoneal  or  internal 
hernia  are  of  two  forms — a  superior,  just  above  the  ileocsecal  valve,  and  a  lower 
or  inferior,  just  below  that  junction  or  at  the  mesoappendix.  The  location  of 
the  sac  is  between  the  layers  of  the  mesocolon  and  between  the  colon  and  lumbar 
muscles.  The  weak  point,  through  which  a  hernia  occasionally  protrudes,  is 
just  at  the  angle  above  or  at  that  below  the  rectangular  insertion  of  the  ileum  into 
the  side  of  the  caecum.  From  this  location  the  hernia  tends  to  follow  the  direc- 
tion of  the  large  bowel  toward  its  hepatic  flexure.  The  condition  may  resemble 
an  intussusception  at  the  valve,  but  the  tumor  is  more  immovable  and  more 
deeply  located. 

(4)  Intersigmoid  Hernia. — The  sigmoid  has  a  long  mesocolon,  which,  when 
lifted,  is  seen  to  be  fan-shaped,  with  a  central  depression  at  the  junction  of  its 
root  W'ith  the  posterior  abdominal  wall.  This  is  surrounded  by  the  main  trunk 
of  the  sigmoid  artery.  Hernias  through  this  weak  point  pass  into  a  tunnel- 
shaped  channel  that  leads  upward  behind  the  peritoneum,  in  close  relation  wdth 
the  superior  hemorrhoidal  and  cohca  sinistra  arteries. 

The  treatment  of  retroc£ecal  and  retrosigmoid  hernias,  if  strangulated,  meets 
the  same  operative  difficulties  as  are  encountered  when  the  hernia  is  located  at 
the  foramen  of  Winslow.  The  vascular  ring  is  almost  complete  and  free  division 
of  the  constricting  bands  is  impossible.  Extirpation  of  the  sac  is  practically 
impossible  in  its  inaccessible  location.     It  must  be  left  in  situ,  with  the  possi- 
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bility  of  its  forming  a  cyst.  The  ring  itself  may  be  closed  by  sutures  if  great 
care  is  taken  to  avoid  the  encircling  arteiy. 

Hernias  of  the  Diaphragm. — Something  over  fi\-e  hundred  cases  of  hernia 
of  the  diaphi'agm  are  now  on  record,  and  almost  two-thirds  of  them  were  con- 
genital. Thoma  collected  433  cases,  of  which  only  181  were  acquired;  the 
remainder  (252)  were  congenital.  In  248  cases  Lacher  found  that  a  sac  was 
reported  only  24  times.  These  diaphragmatic  hernias  have  also  been  classified 
as  tme  hernias — i.e.,  hernias  ha\dng  peritoneal  sacs,  while  false  hernias  merely 
consist  of  openings  in  the  diaphragm  through  which  the  \dscera  escaped.  The 
fonner,  the  tiTie  hernias,  constitute  only  one-tenth  of  the  whole  number  reported. 
(Figs.  250  and  251.) 

Congenital  absence  or  weakening  of  the  central  tendinous  portion  of  the 


Fig.  250. — Diaphragmatic  Hernia  Exposed  to  View  by  Dissection  of  the  Pleural  and  Peritoneal 
Ca^•ities.     This  is  a  "true  hernia,"  i.e.,  it  has  a  hernial  sac.     (From  Enderlen  and  Gasser.) 

diaphragm  allows  the  escape  of  intestine  and  stomach,  especially  on  the  left  side, 
into  one  or  both  pleural  ca\ities.  In  acquired  hernia  the  conditions  are  the 
same,  the  cause  being  a  wound  or  nipture  of  the  diaphragm.  In  some  con- 
genital cases  the  hernia  has  a  tme  sac,  especially  at  the  oesophageal  or  the  para- 
sternal opening.  As  might  he  expected  from  its  location  the  stomach  is  most 
frequently  found  in  the  hernial  sac.  Rochard,  in  330  cases,  found  that  the 
different  abdominal  organs  formed  a  part  of  the  hernia  in  the  following  order  of 
frequency : — 

Stomach 187  Duodenum 48 

Colon    17  Csecum 35 

Intestine 133  Pancreas 12 

Spleen 78  Left  kidney 2 

Liver 60  Right  kidnev 1 
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In  266  cases  of  hernia  of  the  diaphragm  in  wliicli  several  organs  were  involved 
Lager  found  that  the  stomach  was  in  the  hernia  in  KJl  cases  and  the  colon  in 
145,  while  in  oS  cases  in  which  only  one  organ  was  involved  the  stomach  was 
implicated  in  27,  the  colon  in  lo,  the  small  intesthie  in  (>,  and  the  omentum  only 
once. 

In  the  case  of  a  severe  trauma,  which  causes  a  large  tear  through  the  dia- 
phragm, the  stomach,  lying  against  this  opening,  is  the  first  organ  to  escape;  it 
is  foi-ccd  dir(>ctly  into  the  i)leural  cavity  by  the  difference  of  pressure  in  the  two 
caviti(^s.  In  a  case  operat(>d  upon  by  me  in  1909  the  colon  escaped  trans- 
pleurally  into  the  open  air  underneath  the  liver,  the  chest  being  torn  open  above 
so  as  to  expose  the  dome  of  the  diaphragm.  In  spite  of  the  facts  that  the  lung 
also  prolapsed  and  that  half  a  dozen  ribs  were  fractured,  the  patient  made  a  good 


Fig.  251. — Dissection  Exposing  to  View  a  "False"  Diaphragmatic  Hernia,  or  one  without  Hernial 
Sac.  Nearly  all  of  the  small  intestines  have  escaped  into  the  left  pleural  cavity.  (From  Enderlen  and 
Gasser.) 

recovery.  The  wound  in  the  diaphragm  was  sutured  from  above.  Suppuration 
ensued  in  the  chest  and  the  patient  had  a  recurrence  of  ventral  hernia  after 
leaving  the  hospital.  In  the  preceding  year  I  reported  two  other  cases  of  dia- 
phragmatic hernia  which  had  come  under  my  care  in  the  Cook  County  Hospital. 
In  one  of  these — a  case  of  stab  wound,  recovery  took  place;  in  the  other  a 
traumatic  rupture  of  the  diaphragm  was  discovered  at  the  autopsy.  When  the 
stomach  enters  the  chest  cavity,  it  is  apt  to  drag  after  it  consecutively  the  colon, 
the  jejunum  and  small  intestine,  the  spleen,  and  the  omentum.  In  small  wounds 
the  omentum  may  be  first  to  enter  the  opening.  It  contracts  adhesions  at  this 
point  and  afterward  acts  as  a  wedge  to  dilate  the  orifice.  Then,  later,  it  drags 
first  the  colon  and  afterward  the  stomach  by  its  lower  border,  thus  inverting 
and  twisting  its  pyloric  end.     Repetto,  by  experiments  on  dogs,  proved  that  the 
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tendency  of  the  onu'ntuui  to  seek  these  openings  was  constant.  At  the  end  of 
eight  days  it  was  ahvays  found  adherent  to  the  borders  of  the  orifice.  Cranwell 
reports  a  case  in  which  this  omental  outpost  jireceded  the  prolapse  of  the  colon, 
thus  creating  a  kind  of  sac  around  the  hernia.  The  organs  of  the  chest  arc 
correspondingly  compromised,  as  the  pleural  cavity  is  encroached  upon,  causing 
dyspnoea  and  heart  embarrassment.  The  herniated  bowel  may  also  be  compro- 
mised and  perforation  ensue,  as  in  Strupler's  case,  with  septic  pneumothorax  and 
empyema.  In  other  cases  no  strangulation  occurs  and  few  symptoms  are  noted. 
Gomez  describes  a  case  of  stab  wound  of  the  diaphragm  with  few  symptoms  at 
the  time.  After  remaining  well  and  continuing  at  work  for  a  period  of  six  months 
the  man  was  suddenly  attacked  with  intestinal  obstruction  and  died  ciuickly 
from  strangulated  hernia  at  the  diaphragm. 

Symptoms. — In  the  majority  of  cases  there  are  noticed  some  symptoms  of 
the  hernia,  either  of  abdominal  or  of  thoracic  origin.  Pains  located  in  the  epi- 
gastrium and  left  hypochondrium  and  radiating  toward  the  shoulder,  and  diges- 
tive troubles  are  the  symptoms  usually  noted.  There  may  be  tympanitic 
resonance  over  the  left  chest,  and  there  is  usually  dextrocardia.  Herz  observed 
a  case  of  hernia  of  the  diaphragm  in  which  the  descending  colon,  especially  the 
splenic  flexure,  rose  during  inspiration  and  sank  during  expiration.  He  regards 
this  symptom  of  paradoxical  respiration  as  important  for  the  differentiation  of 
hernia  from  eventration  of  the  diaphragm.  The  patient  was  a  man  of  thirty,  who 
had  always  been  healthy  until  two  years  previously,  when  he  noticed  that  he  was 
becoming  corpulent,  that  he  perspired  more  freely  than  had  been  his  habit,  and 
that  he  suffered  occasionally  from  dyspncea  on  exertion.  One  day  he  experienced 
great  dyspnoea  while  walking,  and  coughed  considerably.  These  symptoms  be- 
coming more  severe,  he  entered  the  hospital,  complaining  of  a  sense  of  oppression 
in  the  chest,  especially  at  the  lower  third  of  the  sternum.  The  case  proved  to 
be  one  of  congenital  hernia  of  the  diaphragm  with  a  large  defect.  The  stomach 
was  in  its  normal  place. 

Diagnosis. — In  making  a  differential  diagnosis  it  will  be  found  helpful  to 
employ  insufflation  with  the  stomach  tube,  and  also  to  resort  to  the  use  of 
radiography  after  the  patient  has  ingested  bismuth. 

Treatment. — The  treatment  of  diaphragmatic  hernia  does  not  include  the 
use  of  trusses  or  bandages  and  must  be  mainly  operative.  In  many  cases  the 
associated  injuries  also  call  for  operation.  In  one  instance,  for  example,  I 
sutured  a  stab  wound  of  the  stomach  and  a  similar  wound  of  the  diaphragm 
and  intercostal  space.  Some  stomach  contents  had  soiled  both  peritoneum 
and  pleura,  and  a  secondary  empyema  required  operation  later.  When  one 
operates  solely  for  the  hernia  the  important  question  is  whether  to  make  a 
transpleural  or  a  transperitoneal  operation.  Familiarity  with  abdominal  work 
has  led  many  operators  to  attempt  the  repair  of  these  wounds  from  below. 
Thus,  Heidenhain  advises  the  abdominal  route  for  simple  hernias  and  the 
transpleural  for  strangulated  cases.  Wahringer  collected  twenty-six  cases  of 
which  twenty-two  were  operated  upon  by  the  abdominal  and  four  by  the  pleural 
route.     The  fear  of  opening  the  pleura  without  the  aid  afforded  by  the  pneumatic 


ABDOMINAL  HERNIA. 


615 


cabinet  has  deterred  operators  in  gcnieral  from  optniing  the  chest  in  these  cases. 
In  only  ten  instances  was  the  diagnosis  made  before^  operation.  As  no  one  oper- 
ator has  a  largc^  series  of  cases,  it  is  important  to  determine,  if  possible,  which 
method  of  procedure  has  the  greater  advantages.  I  believe  that  the  trans- 
pleural route  should  be  the  one  of  choice  in  all  cases  requiring  operation  at  all. 
The  dangers  of  pneumothorax  have  been  greatly  overestimated  and  are  largely 
illusory.  Th(^  chest  can  be  opened  upon  either  side,  as  a  rule,  without  much 
collapse  of  the  lung.  I  have  repeatedly  seen  it  thrusting  itself  out  of  a  wound 
at  each  respiration,  and  not  at  all  collapsed.  Temporary  collapse,  however,  does 
not  cause  as  much  shock  and  dyspnoea  as  was  formerly  believed.  It  is  difficult 
or  impossible  to  place  stitches  in  the  higher  part  of  the  diaphragm  from  the 
abdominal  side,  and  practically  impossible  to  detach  adherent  omentum  or 
viscera  from  below.     Cordier  reports  a  case  of  failure,  with  fatal  result,  from  an 


Fig.  252. — Operation  for  Diaphragmatic  Hernia  by  the  Transpleural  Route.      {From  Cranwell.) 

attempt  to  do  this.  All  the  steps  are  simplified  and  made  safe  when  the  pleural 
cavity  is  opened,  as  the  dome  of  the  diaphragm  rises  and  reaches  almost  to  the 
parietal  pleura.  Lejars  advises  the  pleural  route  in  irreducible  hernia  because 
the  abdominal  route  gives  so  many  failures.  Cranwell  confirms  this  and  strongly 
advocates  the  pleural  route,  citing  cases  of  failure  from  operation  below;  many 
of  these  attempts  having  been  made  by  good  operators,  like  Abel,  Martin, 
Schwartz,  and  Rochard.  Like  the  French,  the  Italian  surgeons  were  early  ad- 
vocates of  the  transpleural  route  and  obtained  brilliant  results  thereby.  Post- 
empski,  Nine,  and  Sorrentino  have  practised  and  advocated  operating  through 
the  chest  wall.  In  fifty-tw^o  transpleural  operations  collected  by  Neugebauer 
the  mortality  was  only  9.6  per  cent,  while  in  ten  laparotomies  for  the  same  affec- 
tion the  mortality  was  50  per  cent. 

Technique  of  the  Transpleural  Operation  for  Diaphragmatic  Hernia. — The 
patient  should  lie  in  the  reversed  Trendelenburg  or  Fowler  position,  as  in  Crile's 
operation  about  the  neck.     The  use  of  the  pneumatic  compensating  stiit  of  Crile 
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or  constant  watching  of  the  blood-i)rcssurc  is  not  required.  The  incision  should 
extend  from  the  eighth  rib  and  should  be  curved  with  its  convexity  downward. 
The  ends  of  the  incision  should  be  nearly  vertical  and  the  eighth  and  ninth  ribs 
should  be  resected  at  these  points.  (Fig.  252.)  The  pleura  may  then  be  opened 
and  am'  adhesions  broken  up  sufficiently  to  gain  access  to  the  cupola  of  the 
diaphragm.  This  lies  very  near  the  chest  wall  and  can  easily  be  repaired.  If 
necessary,  in  order  to  reduce  the  contents,  the  hernial  opening  may  be  enlarged. 
The  ring  should  then  be  closed  with  durable  catgut,  tendon,  or  other  suture 
material.  Cranwell  used  fine  silk  to  unite  the  two  layers  of  the  diaphragm  sepa- 
rately. The  pleura  should  next  be  cleaned  and  dried  locally  by  sponging  with 
soft  pads,  and  the  external  wound  should  be  closed  without  drainage  if  the 
wound  has  been  a  clean  one. 

(The  employment  of  local  anaesthesia  in  hernia  operations  is  considered  on 
page  255  of  Yo\.  IV. — Diaphragmatic  hernia  is  also  discussed  in  Dr.  J.  C. 
Reeve's  article  in  the  earlier  part  of  the  present  volume.) 
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I.  ANATOMY  AND   PHYSIOLOGY   OF  THE   APPENDIX. 

Anatomy. — The  appendix  vermiformis  lies  in  the  right  ihac  fossa  of  the 
abdomen.  If  a  hne  be  drawn  from  the  right  anterior  superior  spinous  process 
of  the  ilium  to  the  umbilicus,  and  if  a  point  then  be  taken  on  this  line  two  inches 
from  the  spinous  process,  it  wdll  be  found  to  correspond  approximately  to  the 
base  of  the  appendix.  In  structure  the  appendix  is  similar  to  the  rest  of  the 
intestinal  canal  in  that  it  has  four  coats — mucous,  submucous,  muscular,  and 
serous.  The  mucous  follicles  are  shallower  than  those  in  the  large  intestine, 
and  there  is  relatively  a  very  large  amount  of  lymphoid  tissue.  This  is  one 
reason  for  the  proneness  of  this  organ  to  attacks  of  inflammation.  The  muscular 
coat  has  the  usual  two  layers — a  circular  internal  and  a  longitudinal  external. 
The  latter  differs  from  that  of  the  colon  in  that  it  is  a  uniform  sheet  instead  of 
being  in  three  bands  (taeniae  coli).  The  fact  that  the  longitudinal  muscular  coat 
of  the  appendix  is  continuous  \^dth  these  three  bands  is  an  important  point  to 
remember  in  locating  the  base  of  the  appendix.  If  any  one  of  these  taeniae  be 
followed  down  it  \Yill  be  found  to  lead  to  the  beginning  of  the  appendix.  In 
early  middle  life  the  inner  coats  of  the  appendix  begin  to  atrophy,  fat  and  con- 
nective tissue  being  deposited  in  the  submucous  and  muscular  Coats  and  the 
organ  as  a  whole  undergoing  considerable  diminution  in  size.  The  lumen  of  the 
appendix  is  normally  continuous  with  that  of  the  caecum,  the  point  of  communi- 
cation varying  in  size  between  a  pin  point  and  a  No.  7  French  sound.  It  is  often 
protected  by  a  fold  of  mucous  membrane,  the  function  of  which  is  doubtful. 
This  has  been  described  by  Gerlach  as  a  valve.  The  length  of  the  appendix 
is  quite  variable,  the  usual  limits  being  from  3  to  8  cm.,  and  the  extreme  limits 
from  1  to  24  cm.  The  diameter  varies  from  3  to  5  mm.  It. reaches  its  maxi- 
nmm  size  about  puberty.  There  are  on  record  a  few  cases  of  true  absence  of 
the  appendix,  where  no  trace  could  be  found  after  careful  post-mortem  search 
in  subjects  with  no  abdominal  scars.  They  are  c^uite  rare.  The  appendix  has 
also  been  found  invaginated  into  the  caecal  lumen. 

The  shape  and  position  of  the  appendix  are  best  understood  by  a  consid- 
eration of  its  development.  Early  in  the  second  month  of  intra-uterine  life 
the  intestinal  canal  is  so  arranged  that  on  profile  it  presents  an  :/2 -shaped  loop. 
From  the  first  descending  limb  are  developed  the  jejunmrr  and  the  major  portion 
of  the  ileum;  from  the  ascending,  the  terminal  part  of  the  ileum,  the  ileo-csecal 
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junction,  and  the  ascending  and  the  transverse  colon;  while  from  the  terminal 
limb  come  the  descending  colon,  the  sigmoid,  and  the  rectum.  The  ca3cum  first 
appears,  about  the  sixth  week,  as  a  lateral  protrusion  from  the  ascending  limb  of 
this  loop.  At  first,  it  is  of  the  same  calibre  throughout,  but,  as  growth  advances, 
the  enlargement  is  far  more  marked  in  the  proximal  segment  than  in  the  distal; 
in  other  words,  there  are  formed  the  csecum  proper  and  the  greatly  reduced 
terminal  portion — the  vermiform  appendix.  At  this  time  (second  month)  the 
ileo-cfTcal  region  is  in  the  lower  left  quadrant  of  the  abdominal  cavity.  Dur- 
ing the  third  and  fourth  months  this  portion  of  the  intestinal  canal  is  gradually 
crowded  forward  and  then  upward  and  to  the  right  by  the  more  rapidly  growing 


Fig.  25.3. — Some  of  the  Different  Positions  which  the  Vermiform  Appendix  may  Occupy.  (From 
Poirier  et  Charpy.)  a,  Internal  position,  sliowing  slight  concavity  of  the  caecum  and  internal  portion 
of  the  appendix,  which  latter  may  extend  much  farther  inward,  even  downward  into  the  pelvis;  b, 
external  position;  c,  descending  position;  d,  posterior  surface  of  the  ctiecum  (ascending  position); 
e,  appendix  wrajoped  around  the  ileuin;   /,  appendix  wrapped  around  the  caecum. 

In  the  position  shown  in  a  the  appendix  arises  from  the  inner  aspect  and  most  dependent  portion 
of  the  ca?cum;  it  also  turns  outward  and  lies  more  or  less  removed  from  the  outer  side;  or,  as  is  the 
case  in  a  large  majority  of  instances,  the  base  of  the  appendix  is  found  on  the  left  and  posterior  aspect 
of  the  cipcum,  perhaps  extending  downward  a  certain  distance,  with  an  inclination  either  outward  or 
inward. 

In  about  one  out  of  fifty  instances  the  appendix  passes  up  beliind  the  caecum  (extraperitoneal) 
for  a  longer  or  shorter  distance.  Sometimes,  however,  it  passes  upward  (extraperitoneal)  at  either 
side  of  the  colon,  in  rare  instances  even  to  the  liver. 


small  intestine,  so  that  it  assumes  a  subhepatic  position,  the  proximal  part  of 
the  colon  lying  transversely  across  the  upper  part  of  the  abdomen.  During  the 
remainder  of  foetal  life  the  caecum  and  the  ileo-colic  junction  migrate  downward 
into  the  right  iliac  fossa  where  they  are  found  at  birth.  Failure  of  this  rotation 
to  the  subhepatic  position  or  of  the  downward  migration  serves  to  explain  the 
rather  uncommon  adult  conditions — those,  namely,  in  which  the  appendix  is 
found  either  in  the  left  iliac  fossa,  or  well  up  under  the  liver. 

The  development  of  this  part  of  the  intestinal  canal  aids  also  in  understand- 
ing the  relation  of  the  site  of  the  base  of  the  appendix  to  the  csecum  and  the 
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shape  of  the  latter.  At  first  of  uiiiforin  calibre,  the  eseciini,  with  the  more  rapid 
gro\Ai;h  of  the  proximal  portion,  takes  on  a  more  conical  shape,  either  remaining 
straight  or  becoming  convex,  M'ith  its  concavity  toward  the  ileum.     (Fig.  253.) 


Fig.  254. — Superior  Ileo-Cgecal  (Anterior  Ileo-Colic)  Fossa,  in  an  Adult.*  (From  Poirier  et 
Charpy.)  a,  Colon;  b,  caecum;  c,  mesentery;  d,  ileo-csecal  artery;  e,  superior  ileo-csecal  fossa;  /,  in- 
ferior ileo-csecal  fold;   g,  ileum;   h,  meso-appendix ;    i,  vermiform  appendix. 

These  are  the  conditions  usually  found  a  short  time  before  birth.  The  three 
longitudinal  bands  vAW  be  seen  gradually  converging  to  the  base  of  the  rudi- 
mentary distal  portion,  to  form  the  continuous  external  coat  of  the  appendix. 


Fig.  255. — Inferior  Ileo-Caecal  Fossa  (Posterior  Ueo-appendical  Fossa),  in  an  Adult.  (From 
Poirier  et  Charpy.)  a,  Ileo-appendical  fold;  h,  inferior  ileo-csecal  fossa;  c,  ileum;  d,  mesentery; 
c,  appendical  artery;  /,  ileo-appendical  artery;   g,  meso-appendix;  h,  csectun. 

The  caecum  proper  may  then  develop  equally  on  all  sides,  giving  rise  to  the  more 
unusual  adult  fomis — ^those,  namely,  in  which  the  appendix  is  seen  arising  from 
the  most  dependent  portion;  or,  as  is  the  case  in  the  large  majority  of  instances, 

*Ileo-coIic  fossa,  of  Lockwood;  superior  ileo-csecal  fossa,  of  Treves. 
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the  main  growth  takes  place  on  that  portion  which  lies  between  the  anterior  and 
the  postero-external  longitudinal  bands,  so  that  the  base  of  the  appendix  is 
I'oiuul  on  the  left  and  i)osteri()r  aspects  of  the  ca'cuni.  With  practically  no 
growth  of  the  left  i)ouch,  the  appendix  will  be  found  close  under  the  ileo-ca?cal 
j miction.  Consecjuently,  the  base  of  the  appendix  may  be  found  anywhere,  on 
the  inner  or  post(>rior  wall  of  the  ciecum,  between  its  most  dependent  point 
and  the  ileo-ctecal  junction. 

Peritoneal  Folds  and  Fossce. — The  ileo-ca.^cal  artery,  which  is  given  off  by 
the  superior  mesenteric,  divides  into  two  terminal  branches  that  straddle  the 
terminal  part  of  the  ileum.  The  ant(4'ior  ])ranch  is  the  smaller  and  passes  down 
over  the  anterior  aspect  of  the  caecum,  to  a  point  a  little  below  the  level  of  the 
ileo-csecal  junction.  The  posterior  branch  usually  divides  into  two,  one  of 
w^hich  passes  into  the  inner  and  back  part  of  the  cnecum,  while  the  other  sup- 


FiG.  256. — Retro-Ctecal  (Subca?cal)  Fossa.  (From  Poirier  et  Charpy.)  a,  Ileum;  b,  ileo-ca-cal 
fold;  c,  inferior  ileo-csecal  fossa;  d,  m^eso-appendix ;  e,  suiDerior  csecal  fold;  /,  inferior  csecal  fold;  g, 
retro-ciecal  (subctecal)  fossa. 

plies  the  appendix.  As  these  vessels  pass  to  their  termination  they  are  enclosed  in 
peritoneal  folds  called  thesuperior  and  inferior  vascular  folds.  (Figs.  254  and  255.) 
Of  these,  the  superior  (ventral  or  anterior  fold)  is  the  smaller  and  appears  merely 
as  a  curved  ridge,  often  containing  masses  of  epiploic  fat.  The  shallow  fossa 
framed  in  its  concavity  is  the  superior  ileo-caecal  (or  ileo-colic)  fossa.  (Fig.  254.) 
In  six  per  cent  of  cases  this  fold  is  the  larger  of  the  two  and  forms  the  mesentery 
of  the  appendix.  (Fig.  256.)  The  inferior  (dorsal  or  posterior)  vascular  fold  is 
usually  the  larger  and  more  important  one  of  the  two,  forming  the  mesentery 
of  the  appendix  and  containing  the  appendicular  artery.  (Fig.  255.)  A  third 
fold,  the  intermediate  or  non-vascular  fold  (bloodless  fold  of  Treves),  is  triangular, 
attached  above  to  the  terminal  portion  of  the  ileum  and  rather  on  its  dorsal 
aspect,  and  below  to  the  outer  side  of  the  C£ecum.  It  usually  swdngs  around  to 
blend  with  the  inferior  ileo-csecal  fold.    (Figs.  254,  255,  and  256.)    Its  base  is  free 
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and  forms  one  boundary  of  the  pocket  enclosed  by  these  two  folds  and  the  ileum, 
called  the  inferior  or  posterior  ileo-cascal  fossa.  (Fig.  255.)  Occasionally  this 
intermediate  fold  swings  forward  to  blend  with  the  superior  vascular  fold  and 
to  aid  in  the  formation  of  the  ileo-colic  fossa.     (Fig.  256.) 

Position  of  the  Appendix. — As  a  rule  the  terminal  part  of  the  caecum  and  the 
appendix    hang   unconnected    in   the    peritoneal    cavity.     Rather   frequently, 

though,   the  posterior  surface  of  the  caecum  is 
adherent  to  the  parietal  peritoneum.     If  these 
adhesions  extend    farther  down    on  the    lateral 
aspect  of  the  caecum  than  in  the  middle  they 
will  enclose  a  shallow  fossa,  which  can  be  seen 
with  its  opening   looking  downward  when  the 
caecum  is  lifted  up.     This  is.  known  as  the  sub- 
caecal  or  retrocaecal  fossa.     (Fig.  256.)     If   the 
a]Dpendix  is  held  up  vertically  behind  the  caecum 
(as  the  latter   descends)   it  may  be  caught  in 
these  adhesions  and  become   entirely  retroper- 
itoneal and  retrocaecal.     This    retrocaecal   posi- 
tion of  the  appendix  is  quite  common.     Some- 
times  the  tip  of  the  appendix  remains  free  on 
the  outer  side  of  the  caecum.     (Fig.  256.)     Per- 
haps more  frequently  it  is  found  to  the  left  of 
the  caecum,  either  pointing  up  behind,  the  ter- 
minal part  of  the  ilemn,  toward  the  spleen,  or 
downward    and    inward,    perhaps   with    its   tip 
hanging  over  the  brim  of  the  pelvis.       Among 
the  more  uncommon    positions    may   be    men- 
tioned these:    in  front  of  the  ileo-caecal  junc- 
tion,  in  the  subcaecal  fossa    (8    per   cent);    or 
with  its  tip  reaching  over   to    the   left   side  of 
the  pehas  or  even  to  the  left  iliac  fossa  (.05  per 
cent).     The  caecum  with  its  appendix  has  quite 
often   been  found  in   an   inguinal   hernial  sac.      The   fact  has   already  been 
mentioned    that    the    appendix,   through    faulty   development,    is   sometimes 
located  under  the  liver  or  in  the  left  ihac  fossa. 

Vascular  and  Nerve  Supply. — Besides  the  ileo-caecal  artery  mentioned  above, 
the  ovarian  artery  is  said  to  send  a  small  branch  to  the  appendix.  This  is  not 
always  the  case.  The  veins  draining  the  appendix  send  their  blood  back  through 
the  superior  mesenteric  to  the  portal  vein.  The  nerve  supply  is  derived  from 
the  coehac  plexus  through  the  superior  mesenteric  plexus.  The  lymphatics 
drain  into  the  mesenteric  nodes  and  into  others  scattered  along  the  inner  and 
posterior  aspects  of  the  caecum  and  ascending  colon. 

Meso-appendix.'— The  shape  and  the  size  of  the  mesenteriolum  vaiy  con- 
siderably. As  regards  its  shape  this  structure  is  described  as  either  triangular 
or  quadrilateral.     As  a  mle,  it  completely  envelops  the  appendix.     In  a  few 


Fig.  257. — Internal  Configuration 
of  the  Csecum;  specimen  taken  from 
an  adult.  The  bowel  was  first  in- 
flated, then  dried;  and  finally  a  part 
of  the  external  waU  was  excised. 
(From  Poirier  et  Charpy:  "  Traits 
d'Anat.  Humaine,"  Paris,  1901.) 

a,  Colon;  b,  valve-like  fold;  c, 
ileo-coUc  valve;  d,  ileo-caecal  orifice; 
e,  ileo-ca;cal  valve;  /,  internal  wall 
of  the  caecum;  g,  appendical  orifice; 
h,  ileum;    i,  vermiform  appendix. 
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cases,  however,  the  serous  coat  does  not  completely  encircle;  that  organ,  but  a 
portion  is  i)ractically  extraperitoneal.  It  was  this  anatomical  arrangement 
which  led  to  a  most  acrimonious  discussion,  between  the  years  1875  and  1885, 
as  to  whether  th(>  ai)pendix  \\as  an  intraperitoneal  or  an  extraperitoneal  organ. 
The  meso-appendix  extends  most  often  to  the  tij)  of  the  appendix,  though  it 
often  apparently  ceases  about  the  junction  of  the  outer  and  middle  thirds,  or 
even  proximal  to  the  middle.  A  real  mes- 
entery is  sometimes  j^ractic.ally  missing,  /^-  ~-^K^ 
there    being   no    layer   arrangement,    but          /       -^^^^u2\\ 

the  appendix  lies  close  along  the  posterior       Z3^^^^~^^^'''W^\\==^^^ 

wall  of  the  ca'cum,  to  which  it  is  bound      P!^^^---^^!!^   ^-^i^,,,^^ ^ 

by  a  sheet    of   peritoneum    which   passes      [       J^--^^^^»^^^'^^^^ ^ 

over   it.      The  mobility  of   the  appendix      K^^^^^^T  ~^Mk^1    a    //L'  ' '^ 

depends  largely  on  the  length  of  its  mes-      v^^^^-'Z^^^'^^  A    ■ ' 

entery,  as  does  its  accessibility  at  the  time        V^^y^M/i/yf^^^^^ 

of  operation.  \A/7<^/^ ^ 

As  the  mesentery  is  considerably  shorter  ^^^^Mv^'fe^        Ir- .''/ 

than  the  appendix  it  is  responsible  for  the  ^!^^ 

curved  shape   of   the   latter.     Because  of     ,,  ^^°.-  258. —Arteries  of  the  Cacum,  the 

.  Vermiform    Appendix,    and    the    Terminal 

this    dmerence   m    length,   there    are   some-       Portion  of  the  ileum;   view  from  in  front. 

times    produced    sharp    bends    or    twists     ^""^Xo-X'a'toyXaiteriorcoiico-c^cai 

which    cause    obstruction,     stagnation,   and        artery;     c,    ileal   artery;     d,    anterior   caecal 
,1  »  .  I,  n     1       ;  /  artery;    e,  ileum;  /,    appendical   artery;      g, 

the  lormation  oi  so-called  stones  (appen-     A^ermiform  appendix. 
dicular  colic.) 

Physiology. — The  appendix  is  a  rudimentary  organ,  or  a  vestigial  structure. 
Its  function  is  not  needed  for  the  preservation  of  life  or  health,  but  that  it  is 
capable  of  exerting  some  influence  on  the  intestinal  digestion,  can  scarcely  be 
doubted.  This  influence,  however,  must  be  very  slight,  inasmuch  as  the  tens 
of  thousands  of  patients  whose  appendices  have  been  removed,  cannot  ap- 
preciate that  any  distinct  deleterious  effect  on  their  digestion  has  followed  the 
loss  of  that  organ.  It  is  very  rich  in  lymphoid  and  glandular  structures ;  indeed, 
it  has  been  called  the  "abdominal  tonsil."  Its  glands  secrete  a  considerable 
amount  of  glairy  mucus.  It  is  a  question  whether  or  not  this  secretion  has  a 
peculiar  action  of  its  own  or  is  merely  similar  to  that  of  the  contiguous  mucous 
membrane  of  the  csecum.  This  latter  pouch  changes  its  shape  during  the  pas- 
sage of  chyme,  and  it  is  possible  that  the  appendical  secretion  exerts  some 
influence  on  this  act,  as  well  as  on  the  passage  of  fa?ces  from  the  ileum  through 
the  ileo-csecal  valve.  Macewen  believes  that  the  cells  and  nuclein  of  the  solitary 
follicles  may  have  some  controlling  influence  on  the  organisms  that  reach  the 
caecum.  It  is  known  that  the  Bacillus  coli  communis  effects  the  disintegration 
of  some  of  the  undigested  material  which  finds  its  way  into  the  lower  part  of 
the  ileum,  and  it  may  be  that  the  appendical  secretion  has  some  controlling 
influence  over  this  germ. 
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II.  CONGENITAL   MALFORMATIONS  AND  NEW-GROWTHS  OF 

THE   APPENDIX. 

Congenital  Malformations. — Such  malformations  are  gonerally  l^ut  a  part 
of  some  congenital  defect  or  abnormality  of  the  intestinal  canal.  There  have 
been  reported  a  few  cases  of  complete  transposition  of  the  abdominal  viscera, 
where  the  appendix  (with  caecum)  was  located  in  the  left  iliac  region.  Minor 
grades  of  such  transposition  are  also  on  record.  Unusual  length  of  the  caecum 
may  carry  the  appendix  far  out  of  its  nomial  position.  For  example,  it  may 
lie  far  up  under  the  edge  of  the  liver,  or  well  down  in  Douglas'  cul-de-sac.  The 
ascending  colon  may  be  entirely  wanting,  and  the  caecum  may  be  attached 
to  the  transverse  colon;   the  appendix,  in  such  a  case,  probabh''  lying  far  back 


Fig.  2.59. — Arteries  and  Veins  of  the  Ciecum  and  Vermiform  Appendix,  in  an  Adult;  A-iew  from 
behind.      (From  Poirier  et  Charpy.) 

a,  Ascending  colon;  b,  posterior  colico-CEecal  artery  and  vein;  c,  posterior  ca>cal  artery  and  vein; 
d,  ai^pendical  artery  and  vein,    e,  caecum. 

toward  the  loin  under  the  posterior  part  of  the  liver.  There  have  been  recorded 
a  few  cases  in  which  there  was  entire  absence  of  caecum  and  appendix.  The 
length  and  the  thickness  of  the  appendix  vary  greatly,  and  some  of  those  cases 
in  which  the  appendix  is  represented  only  by  a  small  knob  or  stump  which  pro- 
jects from  the  caecum  and  is  often  without  a  canal,  may  be  properly  classed  as 
abnormalities.  The  writer  has  reported  a  case  in  which  the  appendix  had  a 
bifid  origin  from  the  caecum. 

Intussusception. — Intussusception  of  the  appendix  into  the  caecum  occurs 
very  rarely.  Intussusception  of  the  caecum  "^ith  its  appendix  is,  however,  not 
so  uncommon. 

New-Growths. — (1)  Benign  TuMORS.-^Among  the  benign  tumors  of  the 
appendix  are  reckoned:    a,  cysts;    h,  fibro-myomata;    c,  papillomata. 

Cysts. — Cysts  are  nearly  always  the  result  of  previous  inflammation,  though 
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possibly,  in  a  few  cases,  true  cyst  fonnation  may  exist.  Cysts,  or  at  least  cir- 
cumscribed collections  of  clear  or  mucoid  fluid,  are  not  uncommon.  In  ever\'' 
hundred  operations,  the  surgeon  will  probably  encounter  one  or  perhaps  two 
cystic  appendices.  The  distal  portion  alone  may  constitute  the  cyst,  or  the 
middle  portion  alone  may  be  involved,  or  the  entire  appendix  may  have 
been  converted  into  a  so-called  cyst.  The  contents  are  general!}'  mucoid 
or  muco-purulent.  though  occasionally  the  fluid  may  have  entirely  lost  its 
mucoid  characteristics  and  appear  to  be  clear  serum.  Occasionally  the  fluid 
is  tinged  with  blood.  Such  cystic  conditions  are  temied  hydrops,  mucocele, 
or  empyema.  The  appendical  contents  are  prevented  from  emptying  them- 
selves into  the  csecum  b}'  an  occlusion  of  the  limien  of  the  appendix  at  some 
point.  This  constriction  may  be  at  the  ciecal  attachment  or.  indeed,  at  any 
point  of  the  appendical  canal.  It  may  not  be  pert'ectly  tight,  or  its  closed 
condition  may  be  intermittent,  allowing,  at  times,  pan  of  the  cyst  contents  to 
escape  into  the  caecum.  These  cysts  vaiy  greatly  in  size.  In  some  cases  the 
appendix  is  but  slightly  larger  than  nonnal.  in  other  cases  it  becomes  enormously 
distendedj  so  that  the  length  of  the  organ  may  be  as  much  as  IS  or  even  2.5  cm. 
(7  to  10  inches)  and  its  circimiference  20  to  30  cm.  S  to  12  inches).  CS'stic 
appendices  the  size  of  an  orange  or  a  Hamburg  sausage,  have  been  found  both 
at  operation  and  at  autopsy.  The  amoimt  of  fluid  varies  from  a  few  drachms 
to  two  and  a  half  ounces.  The  neck  of  the  cystic  tumor,  consisting  of  the  nar- 
row cicatrized  basal  portion  of  the  appendix,  may  be  but  slightly  narrower 
than  the  noiTual  thickness  of  that  portion  of  the  appendix,  or  it  may  be  con- 
stricted and  shnmken  to  the  size  of  a  surgical  probe:  and.  in  at  least  one  case 
(writer's),  the  large  cystic  appendix  was  completely  separated  from  the  ceeciun 
and  lay  embedded  in  the  pelvic  tissue  some  distance  from  the  bowel. 

Fihro-myomata. — A  few  such  timiors  have  been  reported,  but  they  have 
probably  originated  from  the  longitudinal  connective-tissue  bands  of  the  large 
intestine  and  secondarily  have  involved  the  appendix. 

PapiUomata. — A  few  cases  of  gi'owths  of  this  nature  are  on  record,  but  the 
possibihty  of  mahgnancy  must  always  be  suspected. 

(2)  ]^L\LiGXAXT  Tu-MOPlS. — Primary  maHgnant  involvement  of  the  appen- 
dix is  comparatively  rare.  Seventy  cases  have  been  reported,  but  some  of  these 
must  be  excluded  on  account  of  unsatisfactoiy  microscopical  reports.  Of 
course,  cases  of  secondary  involvement — as  where  the  caecum  is  the  part  pri- 
maiily  involved — are  of  much  more  frequent  occurrence.  In  about  50  cases, 
however,  the  maUgnant  disease  has  been  confined  to  the  appendix.  Of  these, 
42  have  been  classed  as  carcinoma,  4  as  endothehoma,  and  4  as  sarcoma.  The 
most  common  forms  of  cancer  are  the  spheroidal-ceUed  and  colunmar-ceUed 
varieties.  The  malignancy  of  cancer  of  the  appendix  does  not  seem  as  marked 
as  that  of  the  same  disease  in  other  parts  of  the  intestinal  canal.  The  diag- 
nosis, in  several  of  the  cases,  was  made  only  after  the  results  of  a  microscopical 
examination  had  been  learned,  the  disease  haAdng  had  no  speciall}'  mahgnant 
effect  on  the  patient.  Frequently,  the  cancer  has  been  of  veiy  slow  growth. 
In  several  of  the  cases  there  was  no  suspicion  of  malignancy  up  to  the  time  of 
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the  operation,  the  symptoms  having  been  merely  those  of  subacute  or  chronic 
inflammation.  Indeed,  there  are  few  special  symptoms  which  will  lead  to  a 
diagnosis  of  malignant  disease.  Many  of  the  patients  have  been  comparatively 
young,  one  being  twelve  years  of  age  and  another  fifteen.  It  certainly  appears 
as  if  the  appendix  were  attacked  by  cancer  less  often,  but  at  a  younger  age, 
than  are  the  other  digestive  organs.  The  operative  results  for  malignant 
diseases  have  been  comparatively  good.  The  mortality  from  the  operation 
has  been  about  fifteen  per  cent.  Not  a  few  of  the  cases  are  reported  alive  and 
well  several  years  after  the  operation. 

No  general  rules  can  be  given  with  regard  to  the  proper  manner  of  operating 
upon  these  new-growths;  the  details  of  the  procedure  must  be  suited  to  meet 
the  peculiarities  of  each  case. 


III.  ETIOLOGY  AND  PATHOLOGY  OF  APPENDICITIS. 

Nomenclataire. — The  name  appendicitis  was  first  suggested  in  1886  by  Fitz, 
of  Boston,  in  his  classic  article  on  inflammatory  diseases  of  the  vermiform 
appendix.  Previous  to  that  date,  the  terms  perityphlitis,  paratyphlitis,  typh- 
litis, and  epityphlitis  had  been  loosely  and  indiscriminately  employed.  This 
was  a  time,  however,  when  the  appendix  was  not  recognized  as  the  usual  cause 
of  the  inflammation  in  the  neighborhood  of  the  caecum.  The  term  appendicitis 
is  now  very  generally  adopted,  though  some  of  the  continental  writers  still 
insist  on  retaining  the  old  term  perityphlitis.  The  term  epityphlitis  (Fitz) 
is  etymologically  correct,  but  has  not  been  favorably  received  or  generally 
adopted. 

Age. — Appendicitis  is  essentially  a  disease  of  childhood  and  young  adult 
life.  The  abundance  of  lymphoid  tissue  in  the  young  and  their  reckless  man- 
ner of  eating  explain  their  greater  tendency  toward  appendical  inflammation. 
With  advancing  years,  the  tendency  to  appendicitis,  or  at  least  primary  appen- 
dicitis, decreases.  If  a  patient  reaches  fifty  without  an  attack  he  can  feel  as- 
sured that  he  almost  certainly  will  never  have  appendicitis.  It  is  understood, 
however,  that,  if  the  organ  has  been  previously  inflamed,  this  comparative  im- 
munity does  not  exist.  In  the  writer's  experience  of  three  thousand  cases, 
about  sixty  per  cent  of  the  patients  experienced  their  first  attack  between 
their  tenth  and  thirtieth  years.  The  ages  at  which  the  first  symptom  of  ap- 
pendicitis manifested  itself  are,  in  round  numbers,  as  follows : — 

Three  Thousand  Cases. 

From  30  to  35  years 9    per  cent. 


In  the  first  year 

of  life... 

3 

In  the  second  year  of  life 

6 

From  2  to    5  years  .... 

5 

"      5  to  10 

9 

"    10  to  15 

14 

"    15  to  20 

16 

"    20  to  25 

14 

"    25  to  30 

16 

3  cases. 

6       " 

5  per  cent. 


35  to  40 
40  to  45 
45  to  50 
50  to  55 
55  to  GO 
65  to  70 


6  "  ' 
5     "     ' 

2  "  ' 
1  "  ' 
0.5  "      ' 

3  cases. 


Over  70  j^ears 2 
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The  youngest  of  these  cases  was  ten  and  a  half  months  old;  the  oldest,  seventy- 
three  yeai's.  A  dozen  or  more  operations  on  patients  under  one  year  of  age 
have  been  rc]:)ortcd.  One  of  the  youngest  eases  ever  operated  upon  for  a  per- 
forated ajipciulix  was  an  infant  sixty-one  days  old.  One  case  of  apparently 
jiriniatal  appendicitis  has  been  reported. 

Sex. — It  was  formerly  supposed  that  appendicitis  was  much  more  preva- 
Itnt  among  males  than  among  females.  It  is  now  known  that  the  disease  occurs 
almost  as  frequently,  if  not  quite  as  frequently,  in  the  female  as  in  the  male. 
In  the  writer's  three  thousand  cases,  there  was  a  slight  predominance  of 
females.  The  former  behef  in  the  predominance  of  males  was  probably  due  to 
the  fact  that  the  disease  was  not  always  recognized  in  the  female.  Tlie  latter 
sex  is  apt  to  complain  less  than  males,  and  there  is  often  confusion  between 
discomfort  from  a  chronic  appendicitis  and  that  from  a  cystic  ovary,  chronic 
salpingitis,  or  a  movable  kidney. 

Etiology. — The  causation  of  appendicitis  is  so  intimately  associated  with 
its  pathology,  that  very  little  can  be  said  here  on  the  subject  in  addition  to  the 
very  full  account  which  will  be  found  in  the  section  on  Pathology.  It  ma}^  be 
stated  briefly,  however,  that  the  most  common  direct  cause  of  appendicitis  is 
undoubtedly  intestinal  indigestion.  Trauma  occupies  quite  a  secondaiy  place, 
as  do  the  parasites.  With  the  exception  of  the  so-called  concretions,  it  is  rare 
to  find  any  other  foreign  body  wdthin  the  appendix,  certainly  in  not  more  than  0.5 
per  cent.  Appendicitis  is  most  common  in  spring  and  in  summer,  at  which 
periods  the  digestion  is  apt  to  be  impaired — in  the  spring,  because  of  the  win- 
ter's dissipation;  in  the  summer,  because  of  some  indiscretion  in  diet.  Certain 
appendices,  because  of  their  peculiar  anatomy,  are  especially  liable  to  inflam- 
mation. These  peculiarities  consist  in  their  feeble  blood  supply,  their  narrow 
necks,  and  their  angulations  or  twists  because  of  a  short  mesentery.  In  certain 
families  appendicitis  is  comparatively  unknown,  in  others  one  or  more  mem- 
bers of  every  generation  have  suffered  from  the  disease.  In  several  instances 
the  grandfather,  the  father,  and  several  children  have  been  thus  affected.  The 
disease  is  undoubtedly  herechtaiy,  in  the  sense  that  there  exists,  through  various 
generations  and  various  branches  of  a  family,  some  anatomical  peculiarity  of 
the  appendix  which  renders  it  extremely  liable  to  inflammation.  The  mechani- 
cal friction  from  a  movable  kidney  is  an  undoubted  etiological  factor  in  produc- 
ing chronic  appendicitis.  The  simultaneous  existence  of  these  two  conditions 
is  quite  noticeable.  There  may  be  some  peculiar  anatomical  arrangement  of 
the  mesenteries  which  is  responsible  for  such  a  combination. 

Classification  of  Varieties. — A  logical  and  at  the  same  tune  practical  classi- 
fication of  the  different  forms  of  appendicular  inflammation  is  difficidt.  That 
based  on  the  etiology  of  the  disease  is  unsatisfactory.  It  is  of  course  an  infec- 
tious disease,  due  to  bacteria,  but  a  distinction  between  a  streptococcus  appen- 
dicitis, a  pneumococcus  appendicitis,  and  a  colon-bacillus  appendicitis  can- 
not be  made,  either  anatomically  or  clinically.  From  a  practical  point  of  \dew 
the  pathological  classification  is  not  satisfactoiy.  The  classification  which  is 
given  under  Pathology  seems  to  be  most  in  accordance  with  the  pathological 
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changes.  Another  excellent  classification,  which  is  i)crha])s  more  practical 
than  the  one  to  which  I  have  just  referred,  is  that  of  Deaver. 

Deaver's  Classification. 
Acute  Appendicitis. 

(1)  Catarrhal. 

(2)  Interstitial. 

(3)  Ulcerative. 

(a)  Non-perforative. 
(6)  Perforative. 

(4)  Gangrenous. 
Chronic  Appendicitis. 

(1)  Catarrhal. 

A  serious  objection  to  any  of  these  classifications  is  the  impossibility  of 
differentiating,  at  the  bedside,  between  the  various  varieties.  They  not  only 
intermingle  with  each  other,  but,  in  one  part  of  the  appendix,  one  form  may  be 
predominant,  while  in  another  part  a  different  form  prevails.  After  removal  of 
a  diseased  appendix,  the  scars  of  former  attacks,  representing  different  types  of 
inflammation,  may  be  distinctly  seen.  The  steps  of  progression  from  one  form 
to  another  cannot  be  clinically  recognized.  Hence  the  danger  of  naming  an 
attack  "catarrhal."  The  use  of  this  term  is  apt  to  suggest  the  mild  character 
of  the  attack,  and,  in  consequence,  a  false  confidence  may  be  felt  that  the  attack 
is  practically  innocuous.  There  is  no  surgeon  living  who  can  know  that  an  ul- 
ceration is  not  rapidly  approaching  the  serous  coat  of  the  organ.  Clinically, 
the  distinction  between  the  "catarrhal"  and  the  interstitial  varieties  is  abso- 
lutely unreliable.  Even  the  differentiation  from  the  gangrenous  form  cannot 
always  be  assured. 

It  seems  safer,  therefore,  from  the  clinical  point  of  view,  to  abandon  the  patho- 
logical classification,  and  to  describe  inflammations  of  the  appendix  as : — 
Acute,  Tuberculous, 

Subacute,  Parasitic,  and 

Chronic  (recurrent,  relapsing,  intermittent).  Typhoid. 

Between  the  acute  and  chronic  varieties  occur  various  grades  of  severity,  which 
may  be  called  subacute,  semi-chronic,  etc.  The  attacks  of  any  one  of  these 
forms  may  recur  periodically,  and  the  terms  relapsing,  recurring,  and  inter- 
mittent are  then  employed.  The  period  between  the  attacks  is  termed  the 
interval,  the  "cold''  stage,  "afroid.''  Such  intervals  of  freedom  may  last  for 
days,  weeks,  or  months;  indeed,  chronic  appendicitis,  with  variable  degrees 
of  severity,  may  persist  for  years.  The  final  outcome  of  a  long-existing,  chronic 
inflammation  may  be  a  gradual  connective-tissue  infiltration  of  the  wall  of  the 
appendix,  with  contraction,  shrinkage,  and  partial  or  complete  obliteration 
of  the  mucous  coat  as  well  as  the  calibre.  This  is  termed  appendicitis  obliterans, 
the  result  being  a  mere  fibrous  cord,  with  perhaps  here  and  there  a  patch  of  mu- 
cous membrane. 

Pathology. — There  is  probably  no  other  organ  in  the  body  which  is  capa- 
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ble  of  undergoing  such  a  variety  of  pathological  changes  as  the  vcrniifoim 
appendix.  Few  organs  are  exposed  to  such  a  complex  pathogenesis:  and  it 
is  rarely  that  surh  a  clear  connection  can  he  traced,  as  here,  between  the  causa- 
tive factors  and  the  resulting  lesions.  It  is  a  distinct  advantage,  then,  to  have 
fresh  in  mind  some  of  the  more  prominent  of  these  causative  conditions  before 
proceeding  to  consider  the  pathological  changes  produced. 

The  causes  of  appendicitis  which  have  a  direct  bearing  on  the  pathological 
changes  may  be  divided  into  predisposing,  exciting,  and  final. 

The  fact  that  obliterative  processes  have  been  found  in  the  appendix  in 
fifty-six  per  cent  of  persons  over  sixty  years  of  age,  and  in  thirty-two  per  cent 
of  persons  over  twenty,  would  account  for  the  circumstance  that  the  great 
majority  of  cases  of  appendicitis  occur  in  childhood  and  early  adult  life. 

The  vermiform  appendix  is  a  blind  sac  ^ith  its  orifice  at  the  upper  extremity. 
It  is  relative!}^  long  and  of  small  calibre,  and  possesses  an  orifice  which,  narrow 
at  best,  is  still  further  diminished  ^^hen  the  mucous  membrane  of  the  valve  of 
Gerlach  is  swollen.  For  these  reasons,  it  is  eas}^  for  stagnation  of  the  contents 
of  the  appendix  to  occur,  and  for  solid  irritating  particles,  once  entered,  to 
encounter  difficulty  in  escaping. 

The  viabilit}^  of  the  tissues,  alread}^  of  feeble  \dtalit3^  on  account  of  the  poor 
development  of  the  organ,  may  easily  suffer  further  from  the  fact  that  the  ap- 
pendicular blood-supply  is  furnished  through  a  single  terminal  artery.  For 
this  reason,  angulations,  torsions,  adhesions,  and  endovascular  changes  are  capa- 
ble of  producing  more  serious  consequences  than  in  other  tissues  which  possess 
a  more  varied  blood-supply. 

The  age  during  which  appendicitis  is  most  common — i.e.,  in  the  young 
— is  also  that  in  which  lymphoid  tissue  is  most  abundant.  The  amount  of 
hmiphoid  tissue  in  the  neighborhood  of  Gerlach's  valve  and  scattered  through- 
out the  wall  of  the  appendix  is  very  great.  The  significance  of  this  fact  is  e^ddent 
when  it  is  recalled  that  lymphoid  tissue  throughout  the  body  is  prone  to  inflam- 
mation whenever  subject  to  even  slight  irritation  by  bacteria  and  their  toxins. 

Among  the  exciting  causes,  trauma,  strains,  and  exposure  to  cold  act  as 
they  do  in  other  parts  of  the  body  in  producing  inflammation.  The  causes  of 
digestive  disorders  exert  a  still  greater  influence.  A  fact,  which  helps  to  ex- 
plain the  influence  of  constipation,  is  the  recent  discovery  of  an  increase  of 
virulence  of  the  B.  coli  communis  during  that  condition. 

While  appendicular  concretions  usually  represent  the  result,  rather  than  the 
cause,  of  primary  appendicitis,  they  and  foreign  bodies  are  an  important  factor 
in  the  production  of  chronic  recurring  appendicitis,  and  may  also  provoke  the 
acute  exacerbations  in  this  condition. 

Pins,  shot,  pieces  of  lead,  bones,  hairs,  bristles,  and  various  seeds  and  enter- 
ozoa  have  been  knoT^m  to  gain  access  to  the  appendix  and  provoke  an  inflamma- 
tory process  b}"  producing  abrasions  of  the  mucosa,  thus  promoting  the  in- 
vasion of  infective  microbes.  They  may  also  act  indirectly  by  obstructing  the 
lumen  or  by  causing  pressure  anaemia  of  the  appendix  wall  and  diminishing 
the  viability  of  the  tissue. 
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Of  the  intestinal  parasites  that  act  as  exciting  causes,  the  oxyuris 
is  found  in  some  acutely  inflamed  appendices  and  may  have  provoked  the  attack. 
There  is  some  reason  for  thinking  that  the  presence  of  Ascaris  lumbricoides 
is  more  often  associated  with  gangrenous  appendicitis,  while  the  oxyuris  and 
trichocephalus  lead  to  chronic  inflammatory  conditions. 

The  immediate  cause  of  appendicitis  is  always  microbic  infection.  The 
conditions  in  the  appendix  are  not  only  favorable  for  the  growth  of  bacteria 
of  many  kinds,  but  also  for  the  sudden  and  rapid  increase  of  virulence  of  bac- 
teria which  may  be  innocuous,  or  almost  so,  in  other  portions  of  the  intestinal 
tract;  for  the  appendix  resembles  very  closely  a  test  tube,  and  the  contents 
are  very  suitable  media  for  the  culture  of  bacteria. 

The  most  important  factor  in  the  augmentation  of  the  virulence  of  such  an 
organism  as  B.  coli  communis  in  the  appendix  is  defective  drainage.  When 
the  drainage  becomes  impeded  this  organism  multiplies  rapidly  and  increases 
in  virulence,  producing  a  toxin  of  high  potentiality.  As  a  result,  the  mucous 
membrane  becomes  reduced  in  vitality  and  invasion  of  the  wall  of  the  organ  is 
a  matter  of  easy  accomplishment. 

Great  interest  has  attached  recently  to  the  bearing  of  Ruffer's  observa- 
tions of  cellular  phagocytosis  in  the  appendix  on  the  cause  of  appendicitis. 
The  phagocyting  leucocytes  in  the  intestinal  wall  are  found  to  be  most  numer- 
ous and  most  active  in  the  lymphoid  areas  of  the  caecum  and  the  appendix. 
This  greater  activity  in  the  microbe-destroying  process  displaced  by  the  phago- 
cytes implies,  not  a  greater  activity  on  their  part,  but  a  greater  need  for  their 
activity — in  other  words,  a  more  vigorous  invasion  of  the  intestinal  wall  at 
these  points  than  at  any  other.  The  obtaining  of  a  successful  foothold  by  the 
bacteria  in  these  areas  might  well  be  explained  by  an  exaltation  of  virulence 
which  would  overpower  the  activity  of  these  phagocytes,  or  by  a  diminution 
in  the  substance  (known  as  opsonin)  in  the  serum  which  renders  bacteria  pha- 
gocytable,  or  by  both.  One  or  both  of  these  conditions  existing,  the  predilec- 
tion of  the  appendicular  mucosa  for  bacterial  absorption  would  explain  the 
greater  vulnerabilit}''  of  the  appendix  over  other  parts  of  the  intestinal  canal 
to  infectious  processes. 

Under  these  circumstances,  not  the  least  important  part  of  the  pathology 

of  these  forms  of  appendicitis  is  that  which  has  to  do,  not  only  with  the  virulence 

of  the  inciting  organisms,  but  also  with  the  opsonic  content  of  the  blood  serum. 

The  bacteria  found  in  inflammatory  conditions  of  the  appendix  are  the 

following : — 

Staphylococcus  pyogenes  aureus,  Anaerobes: 

Streptococcus,  B.  fragilis, 

B.  coli  communis,  B.  ramosus, 

B.  lactis  aerogenes,  B.  perfringens, 

B.  pyocyaneus,  B.  fusiformis, 

B.  fecalis  alkaligenes,  B.  furcosus. 

B.  proteus  vulgaris, 

Pneumococcus. 
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Ora'aiiisms  of  the  latter  <i;roup  have  been  considered  responsible  for  gangren- 
ous eonchtions  of  the  appencUx  and  ft)r  the  intoxieaticjn  which  occurs  in  appen- 
dicitis. 

Streptococcus  pyogenes  is  especially  associated  with  all  cases  of  very  severe 
infection,  and  is  the  usual  cause  of  extensive  and  rapidly  fatal  peritonitis.  It 
is  sul)ject  to  marked  variations  in  virulence. 

^^'hile  the  P>.  coli  connniuiis  usually  occiu's  as  a  causative  factor  in  a))]K'n- 
dicitis  in  conn(>ction  with  other  organisms,  it  sometimes  occurs  alone.  It  under- 
goes marked  variations  in  virulence  and  this  may  be  exalted  by  association 
\\ith  other  bacteria.  The  colon  bacillus  is  usually  associated  with  the  milder 
type  of  the  disease,  and  with  those  processes  which  have  little  tendency  to 
spread,  but  which  form  localized  abscesses  with  the  production  of  large  quan- 
tities of  pus  of  a  peculiarly  fetid  character. 

Pneumococcus  and  staphylococcus  have  also  been  identified  in  an  etiological 
relationship  in  appendicitis.  The  presence  of  B.  pyocyaneus  and  B.  proteus 
vulgaris  is  usually  considered  a  secondary  invasion  of  structures  already  diseased. 

The  frequent  association  of  appendicitis  with  constitutional  diseases  has 
led  to  the  view  of  the  possible  relationship  between  the  general  infections  and 
this  condition.  This  relationship  has  frequently  been  noticed  between  appen- 
dicitis and  rheumatism.  The  association  of  tonsillitis,  which  is  frequently 
connected  with  rheumatism,  and  appendicitis  has  been  established.  The 
appendix  and  tonsils  resemble  each  other,  not  only  in  their  anatomical  pecul- 
iarities and  excessive  lymphoid  composition,  but  also  in  their  predisposition 
to  inflammatory  involvement,  especially  at  a  youthful  age. 

Animal  experimentation  has  demonstrated  that  the  lymphoid  tissue  of  the 
appendix  is  the  seat  of  predilection  for  the  localization  of  infective  organisms 
derived  from  the  general  inoculation. 

The  association  between  some  cases  of  appendicitis  and  attacks  of  influenza 
has  been  firmly  established.  Such  relationships  have  rarely  been  proven,  how- 
ever, by  the  bacterial  examination  of  the  appendicular  lesion.  Cases  of  pneu- 
mococcal, streptococcal,  or  staphylococcal  infection  of  the  appendix,  as  part  of 
a  systemic  process,  are  well  known. 

Disorders  of  the  vermiform  appendix  may  best  be  considered  under  such 
headings  as  Appendicular  Colic,  Inflammation  of  the  Appendix,  Tuberculosis 
of  the  Appendix,  Actinomycosis  of  the  Appendix,  Typhoid  Appendicitis,  and 
Amoebic  Appendicitis. 

(1)  Appendicular  Colic. — Appendicular  colic,  although  it  frequently  oc- 
curs independently  of  any  actively  inflammatory  process,  is  very  often  found  to 
have  a  pathological  basis  as  the  etiological  factor.  While  stagnation  of  the 
contents  of  the  caecum,  associated  w'ith  gaseous  distention,  may  account  for 
a  great  many  of  these  cases,  the  larger  number  are  undoubtedly  caused  by  con- 
cretions wdth  or  without  strictures  of  the  appendix,  or  by  parasites — most 
commonly  Oxyuris  vermicularis — within  the  lumen  of  the  appendix.  Adhesions 
between  the  appendix  and  neighboring  organs,  which  have  resulted  from  some 
previous  inflammatory  process,  may  be  responsible  for  the  attack.     A  slight 
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inflammatory  process  in  the  neighborhood  of  an  appendix  which  is  ah-eady 
bent  or  twisted  by  its  short  meso-appendix,  may  also  predispose  to  colic.  In 
a  few  cases  of  chronic  coHc,  interstitial  neuritis  and  atrophy  of  the  nerve  fi})res 
supplying  the  wall  of  the  appendix  have  been  noted. 

(2)  Infl^-vm^litiox  of  the  Appendix. — Like  inflammation  elsewhere  in  the 
body,  the  inflammatory  manifestations  in  the  appendix  may  commence  acutely 
or  chronically.  If  the  former  be  the  case,  the  acute  manifestations  may  subside 
after  a  greater  or  less  interval  of  time,  and  the  pathological  alterations  may 
persist  as  a  chronic  inflammation.  On  the  other  hand,  the  condition  may  begin 
as  a  chronic  inflammation. 

An  inflanniiation  of  the  appendix  originating  as  a  catarrh  may,  in  a  given 
instance,  progress  to  the  interstitial  variety.  This  in  turn  may  be  succeeded  by 
ulceration,  which  may  or  may  not  lead  to  perforation  of  the  organ.  Gangren- 
ous appendicitis  may  also  follow  in  such  a  train  of  events,  though  it  not  in- 
frequently arises  in  a  totally  different  manner.  Again,  an  appendix  which  for 
a  longer  or  shorter  period  of  time  has  been  the  seat  of  chronic  inflammation, 
may  suddenly  undergo  an  acute  exacerbation  and  may  present  the  most  intense 
degrees  of  acute  exudative  inflammation,  with  suppuration,  ulceration,  or 
gangrene. 

The  different  tj^pes  of  appendicitis  will  be  briefly  discussed  here  under  the 
following  headings:  Acute  Catarrhal  Appendicitis,  Acute  Exudative  Appendi- 
citis, Acute  Gangrenous  Appendicitis,  Chronic  Catarrhal  and  Diffuse  Appen- 
dicitis, Chronic  Exudative  Appendicitis,  Obliterative  Appendicitis,  and  Residual 
Appendicitis. 

Acute  Catarrhal  Appendicitis. — As  the  result  of  the  onset  of  an  acute  catai- 
rhal  appendicitis,  the  mucous  membrane  becomes  swollen,  hypersemic,  and 
oedematous,  and  the  appendix  as  a  whole  becomes  stiff er  and  firmer  to  the 
touch.  A  rapid  shedding  of  the  epitheliimi  of  the  general  surface  occurs,  with 
detachment  and  extrusion  of  the  epithelial  lining  of  the  crypts  of  Lieberkuehn. 
The  mucous  membrane  is  infiltrated  with  leucocytes,  and  as  a  result  there  is 
swelling  with  pressure  upon  and  obliteration  of  many  of  the  crypts.  The 
lumen  contains  leucocytes,  granular  debris,  mucus,  and  casts  of  the  interior 
of  the  crypts.  The  blood-vessels  of  the  mucosa  and  submucosa  are  congested. 
In  all  but  the  milder  foims  of  inflammation  some  swelling,  congestion,  and 
serous  infiltration  of  the  lymph  nodules  wdll  be  observed. 

The  process  may  cease  at  this  point  and  terminate  in  complete  restora- 
tion of  the  mucous  membrane  to  its  former  condition.  But  if  the  process 
continues,  the  leucocytic  infiltration  of  the  submucosa  becomes  more  marked, 
the  basement  membrane  may  be  destroyed,  and  the  internal  surface  be- 
comes ragged. 

Perfect  recovery  by  new  growth  of  epithelium  is  at  first  possible,  but  the 
shedding  may  be  complete  over  so  large  an  area  that  it  is  impossible  for  the 
epithelium  to  cover  again  the  entire  surface.  Under  these  circumstances  the 
inner  surface  of  the  mucous  membrane  will  then  become  covered  with  granu- 
lation   tissue;    and,  if    the   opposing  granulating  surfaces    come   in    contact, 
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fusion  may  be  expected  to  take  place.  If  the  granulating  area  has  been  of 
limited  extent,  the  result  of  the  fusion  will  be  a  stricture;  but,  if  the  entire  sur- 
face of  the  mucous  membrane  has  been  involved,  obliteration  of  the  appen- 
dicular cavity  will  take  place.  As  a  result  of  such  an  obliteration  the  possi- 
bility of  future  appendicular  inflammation  is  almost  entirely  banished. 

Acute  interstitial  appendicitis  is  the  term  usually  applied  by  some  authors 
to  a  type  of  lesions  resembling  those  of  acute  catarrhal  appendicitis  on  the  one 
hand,  and  the  acute  suppurative  form,  on  the  other.  The  pathological  altera- 
tions described  extend  to  the  submucous,  muscular,  and  subserous  coats,  and 
consist  of  a  diffuse  infiltration  by  small  round  cells,  with  hyperplasia  of,  and 
occasional  abscess-formation  in,  the  lymphoid  follicles. 

Acute  Exudative  Appendicitis. — Acute  exudative  inflammation  of  the  vermi- 
form appendix,  with  a  purulent  exudation,  occurs  usually,  if  not  always,  in 
connection  with  a  catarrhal  appendicitis,  and  there  is  no  sharp  dividing  line 
between  the  two.  A  mild  infection  is  commonly  not  suppurative,  while  a  severe 
infection  induces  suppuration,  unless  the  virulence  of  the  infective  material  is 
so  great  that  a  fatal  toxaemia  results  before  the  tissue  has  time  to  react. 

As  a  result  of  acute  exudative  appendicitis  the  appendix  is  swollen,  irregular 
in  diameter,  tense,  exceedingly  hyper^emic,  red,  mottled  with  subperitoneal 
extravasations  of  blood,  often  presenting  light-yellowish  or  greenish-yellow 
areas  due  to  localized  foci  of  suppuration  or  necrosis.  If  perforation  be  imminent 
the  area  involved  is  usually  brownish-green  in  color  and  soft,  and  is  usually 
covered  by  some  discolored  exudate.  Perforations  are  usually  small,  round  or 
irregular,  with  ragged  edges. 

The  canal  of  the  appendix  contains  a  muco-purulent  or  purulent  exudate, 
often  mingled  with  blood.  The  mucosa  is  swollen,  intensely  injected,  and 
hemorrhagic.  Its  surface  is  usually  rough  and  may  show  erosions  with  ragged 
irregular  margins. 

Erosions  are  produced  by  the  mechanical  action  of  concretions  and  foreign 
bodies,  by  the  direct  action  of  septic  material  upon  the  surface  of  the  mucosa, 
by  the  necrosis  of  an  infected  lymph  follicle,  or  by  the  extension,  into  the  lumen 
of  the  canal,  of  an  abscess  focus  originating  in  the  deeper  tissues;  and  in  any 
case  the  ulcerative  process  may  involve  a  large  portion  of  the'  mucosa,  sub- 
mucosa,  muscular  and  serous  coats,  sometimes  producing  perforation  of  the 
appendicular  wall  in  the  latter  case. 

Microscopically,  there  is  marked  congestion  of  all  the  coats,  with  degenera- 
tion of  the  surface  and  glandular  epithelium  of  the  mucosa.  All  the  coats  are 
infiltrated  to  a  greater  or  less  extent  with  an  exudate  of  serum,  blood,  poly- 
morphonuclear, small  round,  and  plasma  cells.  Ulcerations  occur  most  com- 
monly where  the  lymph  nodes  reach  the  surface  of  the  mucous  membrane, 
and  are  frequently  bordered  with  granulation  tissue.  Purulent  thrombo-ar- 
teritis  and  thrombo-phlebitis  occur  in  some  cases. 

Abscesses  may  originate  in  the  stroma  or  the  lymph  nodes,  and  they  point 
either  in  the  direction  of  the  lumen  or  in  that  of  the  peritoneal  surface.  Often, 
when  the  muscular  layer  and  even  the  submucosa  show  no  perceptible  change. 
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a  marked  inflammatory  reaction  is  found  in  the  serous  membrane  covering  the 
appendix. 

Rupture  of  the  wall  of  the  appendix,  w  hen  produced  by  a  perforating  ulcer, 
by  the  pointing  of  an  intramural  abscess,  or  by  necrosis  following  pressure  by 
concretions,  is  usually  gradual  and  is  accompanied  l)y  the  formation  of  a  peri- 
toneal exudate  and  adhesions. 

When  the  rupture,  however,  is  due  to  circumscribed  gangrene  from  throm- 
bosis or  to  a  sharp-pointed  foreign  body,  there  may  be  little  local  exudate  and 
few  adhesions,  but  general  peritoneal  exudation  at  a  later  time. 

While  perforations  may  occur  at  the  base  of  the  appendix  or  at  some  inter- 
mediate point,  the  favorite  location  is  at  or  near  the  tip. 

Acute  Gangrenous  Appendicitis. — AVhile  gangrenous  appendicitis  may  follow 
any  of  the  previously  described  varieties  of  inflammation  of  the  appendix,  it 
is  usually  associated  with  the  more  severe  foiTns  or  occurs  as  the  direct  result 
of  the  activity  of  virulent  bacteria  or  from  complete  withdrawal  of  the  blood- 
supply  from  the  organ  (entire  or  only  a  part)  as  a  result  of  twists,  angulations, 
or  thrombosis. 

The  area  affected  is  greenish-black  in  color,  swollen,  soft,  and  malodorous. 
In  contradistinction  to  the  other  varieties  of  appendicitis,  in  which  the  organ 
is  usually  surrounded  by  a  purulent  exudate  or  by  adhesions,  an  appendix 
which  is  the  seat  of  a  gangrenous  or  fulminating  process  may  be  found  totally 
detached  from  the  csecum,  free  in  the  peritoneal. cavity,  with  Httle  evidence  of 
purulent  exudate.  At  other  times,  it  may  be  found  free  in  a  circimiscribed 
abscess.  If  gangrene  occur  as  the  result  of  infection  by  very  virulent  bacteria, 
or  in  consec|uence  of  absolute  blocking  of  the  blood-supply,  the  entire  appendix, 
or  a  large  portion  of  it,  presents  evidences  of  a  very  diffuse  gangrene  without 
manifestations  of  a  reactive  inflammation. 

If  gangrene  follow  catarrhal  or  interstitial  inflammation  with  ulceration, 
there  will  be  found,  microscopically,  the  pathological  picture  characteristic  of 
these  conditions,  together  with,  in  addition,  abundant  round-cell  infiltration, 
suppurative  foci,  larger  and  smaller  areas  of  hemorrhage,  and  more  or  less  ex- 
tensive necrosis.  The  area  of  demarcation  on  the  stump  shows  necrosis  with  the 
ordinary  evidences  of  inflammation. 

Chronic  Catarrhal  and  Diffuse  Appendicitis. — "\Miile  cases  of  chronic  catarrhal 
appendicitis  in  w^hich  the  pathological  alterations  are  w^holly,  or  almost  wholly, 
confined  to  the  mucous  membrane  do  occur,  this  is  a  very  uncommon  variety 
of  the  affection.  As  the  result  of  such  a  process,  the  appendix  is  thicker,  stiffer, 
and  fimier  than  normal.  The  mucous  membrane  is  of  a  grayish  color  and 
somew^hat  thickened.  The  crypts  of  Lieberkuehn  are  moderately  distended, 
and  the  mucous  membrane  is  covered  with  a  layer  of  rather  thick  mucus.  The 
calibre  of  the  lumen  may  vary  at  different  levels.  In  the  mucosa  there  are  a 
few  round  cells  and  spindle  cells,  and  some  connective-tissue  hyperplasia. 

A  far  more  common  form  of  chronic  appendicitis,  representing  a  process 
slightly  more  extensive  than  the  preceding,  is  that  known  as  chronic  diffuse  ap- 
pendicitis.    In  this  concHtion  there  is  a  fibrous-tissue  transformation  affecting 
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to  a  greater  or  less  degree  all  the  coats  of  the  appendix.  There  is  some  sclero- 
sis of  the  blood-vessels  and  a  certain  degree  of  congestion  is  also  present.  The 
mucous  membrane  is  oedematous  or  atrophic,  consisting  merely  of  a  layer  of 
flattened  epithelium  resting  directly  upon  a  layer  of  dense  cicatricial  tissue. 
It  may  contain  man}^  lymphoid  and  plasma  cells.  The  solitary  follicles  may 
be  greatly  swollen,  but  more  frequenth'  they  are  largely  or  wholly  replaced  by 
fibrous  tissue. 

The  fibrous-tissue  proliferation,  while  usually  most  pronounced  in  the  sub- 
nuR'Osa.  may  be  well  marked  in  the  outer  layers,  frequently  causing  an  atrophy 
and  replacement  of  the  muscle  fibres  of  the  muscular  IsLjer.  H::rmatogenous 
pigmentation  of  this  sclerotic  tissue  is  not  uncommon.  The  color  of  such  an 
appendix  is  less  pink  than  nomial,  being  more  of  a  dull-yellowish  ivorj^  shade. 

Chronic  Exudative  Appendicitis. — Chronic  exudative  appendicitis  may  fol- 
low any  of  the  previously  described  forms  of  appendicitis,  or  may  occur  as  such 
from  the  start.  In  this  form  of  the  disease  there  is  a  great  tendency  toward  the 
fonnation  of  connective  tissue,  and  as  a  result  there  are  increased  thickness 
and  firmness  of  the  organ  and  the  formation  of  cicatrices,  resulting  in  irregular 
contraction  of  the  lumen  and  distortions. 

The  changes  which  take  place  in  the  mucous  membrane  in  the  course  of  a 
chronic  catarrhal  appendicitis  are  also  observed  in  this  fonii  of  the  disease, 
and  in  addition  there  may  be  found  some  hyperplasia  of  the  submucous  and 
muscular  coats.  More  commonly,  there  T\"ill  be  found  atrophy,  with  replace- 
ment by  cicatricial  connective  tissue,  especially  in  those  cases  in  which  the  mu- 
cous membrane  was  originally  the  seat  of  ulceration.  The  wall  of  the  appendix 
is  the  seat  of  infiltration  by  small  round  and  pol}aiiorphonuclear  cells,  resulting 
at  times  in  innnense  thickening  of  the  tissue.  The  purulent  infiltration  is 
sometimes  dift'use,  at  other  times  it  occurs  as  multiple  foci  in  the  wall.  A 
purulent  exudate  may  be  found  on  the  surface  of  the  mucous  membrane,  or  on 
the  peritoneal  surface  as  a  diffuse  process,  or  as  a  local  abscess  surrounded  by 
adhesions.  This  local  abscess  occurs  usually,  though  not  necessarih',  as  a 
sequel  to  perforation  of  the  appendix  wall — the  result  of  the  pointing  of  an 
intramural  abscess  or  of  necrosis  produced  by  foreign  bodies  \\-itliin  the  appendix. 

Ohiiterative  Appendicitis. — This  name  is  applied  to  the  terminal  process 
resulting  from  some  of  the  pre\aously  described  forms  of  appencUcitis,  when  the 
lumen  as  a  whole  is  occluded — a  residt  which  is  generally  due  to  an  inflammatory  . 
involution  process,  but  occasionally  to  one  of  a  non-inflammatory  nature. 
There  may  be  marked  thinning  or  atrophy  of  the  organ,  as  a  result  of  which  it 
becomes  converted  into  a  mere  filamentous  thread.  The  centre  of  a  cross- 
section  is  fibrous  and  contains  little  or  no  mucous  membrane,  ^^^lile  lymphoid 
elements  may  be  present,  there  are  no  well-fonned  follicles.  The  surrounding 
tissue  is  dense  and  fibrous,  and  may  contain  a  moderate  amount  of  fat  and 
hsematogenous  pigment.  There  are  numerous  nerve  filaments  which,  when 
squeezed  by  the  new  connective  tissue,  cause  considerable  dis.comfort. 

Residucd  Appendicitis. — Acute  or  chronic  appendicitis  very  rarely  results 
in  a  restitution  to  the  normal  condition.     In  the  mildest  cases  there  is  more  or 


636  AMERICAN  PRACTICE   OF  SURGERY. 

less  connective-tissue  hyperplasia,  and  as  a  consequence  a  certain  amount  of 
rigidity  and  enfeebled  muscular  power  persists. 

The  term  ''residual  appendicitis"  is  employed  to  designate  the  various 
deformities  of  the  appendix  which  may  follow  acute  or  chronic  inflannnation 
after  the  active  disease  has  subsided.  The  results  may  be  hypertrophy  or  atro- 
phy of  the  appendix,  stricture  or  obliteration  of  its  lumen,  cystic  dilatation, 
angulations,  or  twists  due  to  adhesions  or  cicatricial  contractions  in  the  appen- 
dix wall. 

Retention  cysts  are  formed  as  a  result  of  the  collection  of  the  normal  se- 
cretion in  a  part  of  the  lumen  which  is  separated  from  the  csecal  outlet  by  an 
obstruction.  These  cysts  may  reach  a  large  size.  Their  walls  are  usually 
attenuated  and  transparent.  As  a  result  of  pressure  atrophy  of  the  mucosa 
the  mucous  secretion  finally  ceases  and  the  fluid  becomes  serous  or  watery  in 
character. 

If  virulent  bacteria  gain  a  foothold  in  the  affected  portion  of  the  appendix 
a  purulent  exudate  with  a  resulting  empyema  of  the  appendix  may  occur. 

(3)  Tuberculosis  of  thp]  Appendix. — "WTiile  primary  tuberculosis  of  the 
appendix  is  almost  unknown,  it  is  not  uncommon  to  find  tuberculous 
lesions  of  the  appendix  in  connection  with  tuberculous  conditions  else- 
where— most  commonly  tuberculous  enteritis  and  peritonitis,  and  pulmonary 
tuberculosis. 

The  gross  lesion  may  present  itself  in  the  form  of  discrete  miliary  tubercles 
at  the  base  of  an  ulcer  or  beneath  the  peritoneal  coat;  or  a  large  part  of  the 
mucous  membrane  may  be  converted  into  a  discolored  mass  of  caseation.  His- 
tologically, these  do  not  differ  from  similar  lesions  in  other  parts  of  the  body. 
Tubercle  bacilli  may  be  detected  if  properly  stained.  In  addition  there  are 
round-cell  infiltration,  giant  cells,  caseation,  and  partial  or  complete  degenera- 
tion of  the  cellular  exudate. 

(4)  Actinomycosis  OF  the  Appendix. — Actinomycosis  of  the  appendix  is  the 
most  common  of  the  abdominal  forms  of  infection  by  the  Streptothrix  actinomyces, 
though  in  America  these  cases  are  rarely  seen.  Infection  with  this  organism 
results  in  suppuration,  with  the  development  of  indurated  connective  tissue 
which  contains  small  foci  of  pus.  Extensive  burrowing,  with  formation  of 
fistulse,  is  not  uncommon.  In  the  pus  discharged  the  characteristic  nodules, 
of  the  size  of  a  pin's  head  and  composed  of  Streptothrix  actinomyces,  may  be 
found. 

(5)  BiLHARziA  Appendicitis. ^ — This  parasite  has  been  reported  as  the 
cause  of  appendicitis  in  three  cases. 

(6)  Typhoid  Appendicitis. — In  typhoid  fever  there  may  be  changes  in  the 
wall  of  the  appendix  of  a  character  similar  to  those  in  the  wall  of  the  small 
intestine — ^that  is,  hyperplasia  of  the  lymphoid  tissue,  with  ne.  osis  resulting 
in  ulceration  and  possibly  perforation.  As  a  result  of  such  ulcerations,  stenosis 
or  kinking  of  the  appendix  may  ensue,  and  this  in  turn  may  produce  a  condition 
which  may  be  the  cause  of  a  future  attack  of  appendicitis. 

(7)  Amcebic  Appendicitis. — As  a  result  of  inflammation  of  the  appendix 
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due  to  Amoeba  coli  the  mucosa  is  covered  with  the  characteristic  yellow  gelat- 
inous exudate  and  may  suffer  extensive  areas  of  necrosis.  The  nmcosa  and 
suhmucosa  are  hypersemic  and  infiltrated  with  abundant  round  cells  and  a  few 
polymorphonuclear  leucocytes.  Ama'ba>  may  be  found  in  the  exudate  and  at 
the  base  of  the  ulcers. 

Complications  and  Sequelae. — Of  the  complications  that  pertain  to  appen- 
dicitis, peritonitis  is  the  most  frequent.  A  slight  degree  of  peritonitis  is  the 
rule  in  all  suppurative  conditions  of  the  ai^pendix,  and  if  the  process  is  local, 
as  it  is  in  the  greater  percentage  of  the  suppurative  cases,  limitation  by  the 
formation  of  adhesions  usually  occurs. 

If  the  resulting  peritonitis  is  diffuse,  many  adhesions  may  occur  and  small 
abscesses  form  between  the  intestinal  coils,  or  the  entire  peritoneal  surface  may 
be  bathed  in  pus. 

The  inflammation  of  the  peritoneal  covering  of  the  appendix  may  extend 
intraperitoneally  and  extraperitoneally  to  the  retroc^ecal  connective  tissue 
and  to  the  caecum,  and  may  cause  the  formation  of  adhesions.  The  pus  of  the 
appendicular  abscesses  may  also  break  through  into  various  sections  of  the 
intestines,  oftenest  into  the  cipcum,  more  rarely  into  the  ascending  colon,  the 
duodenum,  the  rectum,  the  bladder,  the  uterus,  the  vagina,  or  even  through 
the  abdominal  wall  externally.  These  escapes  of  pus  may  or  may  not  be  fol- 
lowed by  a  spontaneous  cure,  according  as  the  pus  is  emptied  entirely  or 
partially. 

Acute  phlebitis,  pylephlebitis,  or  thrombosis  occasionally  occurs  as  a  sequel 
of  appendicitis,  and  may  give  rise  to  infarction  or  to  suppuration  of  the  region 
supplied  by  the  affected  vessel;  or,  through  the  various  anastomoses  with 
vessels  more  directly  connected  with  the  general  circulation,  the  inflammation 
may  result  in  embolism  or  in  a  general  pyiiemic  process. 

Slight  enlargement  of  the  mesenteric  lymph  nodes  in  the  locality  corre- 
sponding to  the  ileo-ca^cal  region  is  to  be  expected  in  all  active  inflammations  of 
the  appendix,  and,  on  removal  of  the  primary  focus  of  infection,  this  enlargement 
wdll  generally  soon  subside.  Suppurating  lymph  nodes,  on  the  other  hand, 
may  serve  as  a  starting-point  for  an  extension  of  the  inflammatory  process  by 
way  of  the  lymphatics  and  thus  give  rise  to  a  general  septicaemia;  or,  by  a  direct 
and  continuous  spread,  the  inflammation  may  produce  suppuration  in  the  hepatic 
or  subphrenic  regions. 

At  times  a  peri-appendicular  abscess  may  burrow  upward  behind  the  liver, 
either  through  or  posterior  to  the  diaphragm,  and  may  finally  rupture  into  the 
lung.  Liver  and  subphrenic  abscesses  occasionally  occur  as  a  result  of  direct 
infection  through  the  portal  system. 

Numerous  diseases  may  complicate  appendicitis,  both  prior  to  and  follow- 
ing operation.  Of  these,  the  most  common,  as  well  as  the  most  serious,  are: — 
Peritonitis;  pylephlebitis,  and  liver  abscess;  subphrenic  abscess;  intestinal 
obstruction:  phlebitis.  Rare  complications  or  sequelae  are: — Pleurisy,  sup- 
puration of  the  abdominal  wound,  abscess  of  the  liver,  faecal  fistula,  pulmonary 
embolus,  hernia,  pneimionia,  hemorrhage  from  appendical  stump,  etc.     Of  these 
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different  complications  I  will  say  but  very  little,  as  they  are  fully  discussed  in 
other  articles  of  this  series. 

Peritonitis.— A  certain  amount  of  local  peritonitis  generally  accompanies 
■  every  attack  of  appendicitis.  In  the  earlier  stages  of  the  disease  it  is  apt  to  be 
only  slight  in  degree  and  very  limited  in  extent.  A  moderate  local  })('ntonitis 
may  be  considered,  in  one  respect  at  least,  as  a  most  favorable  complication, 
as,  in  the  case  of  leakage  through  or  perforation  of  the  appendical  wall,  it  forms, 
by  its  adhesive  qualities,  a  barrier  against  the  spread  of  the  infection.  AVhen, 
however,  the  inflammation  extends  beyond  the  immediate  neighborhood  of  the 
appendix  it  may  be  regarded  as  a  serious  complication,  its  seriousness  depend- 
ing on  its  extent  and  also  on  its  septic  virulency.  The  greater  the  area  of  peri- 
toneum inflamed,. the  greater  the  danger  to  the  patient.  A  peritonitis  limited 
to  the  lower  right  abdominal  quadrant  renders  the  prognosis  grave,  though 
much  less  so  than  if  it  crosses  the  median  line  or  extends  up  as  far  as  the  liver. 
A  diffuse  peritonitis  is,  of  course,  the  gravest  of  all.  The  mortality  of  the  lat- 
ter is  great,  and,  if  it  develops  after  the  operation,  the  prognosis  is  almost  hope- 
less. This  difference  in  its  fatality  (before  and  after  operation)  is  very  noticeable. 
Careful  watch  should  therefore  be  kept,  at  both  the  periods  named,  for  the  de- 
velopment of  peritoneal  symptoms.  An  increase  in  the  abdominal  distention; 
a  paresis  of  intestinal  peristalsis;  a  distribution,  as  distinguished  from  a  locali- 
zation, of  the  pain  and  tenderness;  an  increase  in  the  pulse  rate — all  these 
are  threatening  symptoms.  And  if  to  these  be  added  the  regurgitation  of 
mouthfuls  of  fluid  from  the  stomach,  perhaps  accompanied  by  belching  of  gas, 
the  prognosis  becomes  serious.  One  is  warranted  in  assuming  that  the  peri- 
tonitis has  become  more  or  less  generalized  if  vomiting  then  becomes  frequent 
and  if  no  flatus  be  expelled.  The  abdomen  soon  becomes  very  bloated  and 
tense.  The  distention  may  be  enormous,  like  that  of  a  balloon  or  a  blown-up 
football,  or  it  may  be  more  moderate,  with  the  abdominal  wall  boardlike  to  the 
touch.  The  pulse  becomes  small  and  rapid,  the  extremities  become  bluish,  res- 
piration is  shallow^,  and  the  countenance  assumes  a  most  anxious  appearance. 
The  mind  generally  remains  clear  and  the  eyes  are  bright,  ^^omiting  persists, 
the  fluid  ejected  being  at  flrst  clear  yellow,  later  brownish,  and  finalh'  often 
"spinach-green."  The  duration  of  the  peritonitis,  from  its  first  symptom  until 
death,  is  usually  from  thiity-six  hours  to  three  days.  This  limit  may  be  very 
slightly  extended  in  either  direction.  The  temperature  may  increase  at  the 
onset  and  continue  moderately  elevated  (101°  to  103°  Fahr.),  or,  on  the  other 
hand,  there  may  be  but  little  change  until  just  before  death,  when  it  often 
rises  to  105°  or  106°  F. 

Pylephlebitis. — This  is  a  not  uncommon  complication  of  suppurative  or 
gangrenous  appendicitis,  or  it  may  occur  in  the  non-suppurative  cases,  should 
sepsis  develop  after  the  appendicectomy.  Pylephlebitis  may  develop  before 
or  after  the  operation.  It  is  one  of  the  most  fatal  complications.  It  occurs 
in  one  per  cent  or  two  per  cent  of  cases  of  acute  appendicitis,  and  is  nearh'  al- 
ways fatal.  The  sepsis  may  not  extend  beyond  the  veins  in  the  immediate  vicin- 
ity, in  which  event  it  is  apt  to  result  in  abscesses  in  the  loin  under  the  diaphragm. 
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Often,  however,  it  extends  farther,  and  results  in  one  or  more  liver  abscesses. 
A  septic  piilmonar}^  eniholisni  may  also  result.  The  api^endical  vein  empties 
into  the  sui^erior  mesenteric,  via  the  ilco-circal  vein.  Therc^  is  thus  a  direct 
channel  of  connnunication  with  the  portal  system.  Septic  thrombi  may  form 
in  any  of  these  veins,  and,  from  such  thrombi,  septic  emboli  may  be  carried  di- 
rectly to  the  liver.  The  supposedly  primary  thrombus  is  most  often  found  in 
the  eonnnencement  of  the  portal  vein.  This  may  extend  in  an  irregular  way 
along  the  vein  as  far  as  the  liver.  Such  thrombi  may  be  either  obturating  or 
mural.  Undoubtedly,  however,  such  a  thrombus  is  secondary  to  one  near 
the  ligated  veins  in  the  meso-appendix.  From  this  there  may  be  direct  exten- 
sion, or  a  septic  embolus  may  be  carried  by  the  blood-current  some  distance 
before  it  becomes  fastened  to  the  wall  of  a  vein  or  becomes  blocked  by  inability 
(on  account  of  its  size)  to  go  further. 

The  appendical  veins  communicate  also  with  the  systemic  circulation  by 
means  of  the  veins  of  Retzius — a  fact  which  makes  it  possible  for  septic 
emboli  to  lodge  in  any  of  the  blood-vessels  of  the  body,  most  often  in  the  lungs, 
but  also  in  the  spleen  or  kidney.  Thus  a  septic  pleurisy,  a  pneumonia,  a  peri- 
carditis, or  an  endocarditis  may  arise.  The  symptoms  are  those  of  an  increased 
sepsis.  Often  there  are  chills,  and  the  temperature  is  apt  to  be  very  irregular; 
rapid  shoots  upward,  with  a  precipitous  fall,  being  not  unusual.  The  tongue 
becomes  veiy  dry.  The  patient  looks  septic  and  rapidly  becomes  ill.  There 
may  be  some  pain  in  the  right  lumbar  region,  but  the  mind  generally  becomes 
sluggish,  and  but  little  interest  is  taken  in  the  subjective  s^Tiiptoms.  Accord- 
ing to  the  location  and  extent  of  the  septic  phlebitis,  the  chsease  progresses. 
It  is  always  a  most  serious  complication,  and,  if  the  portal  vein  be  involved, 
death  usually  results  in  two  or  three  days  after  the  appearance  of  the  symptoms. 
Operation  is  of  little  use,  unless  there  be  separate  abscess  ca^'ities,  which  can 
then  be  opened  and  drained.  The  main  indication  is  to  build  up  by  every  pos- 
sible means  the  patient's  strength.  It  is  especially  important  to  guard  the  di- 
gestive functions;  therefore  drugs  should  be  avoided.  As  long  as  such  a  course 
is  possible,  abundance  of  water  and  whiskey  should  be  administered  by  rectum, 
while  the  stomach  is  reserved  for  nutritious  drinks.  Efforts  should  be  made  to 
raise  the  opsonic  index,  and,  if  the  infecting  germ  has  been  identified,  the  spe- 
cific senmis  can  be  injected. 

Liver  Abscess. — As  already  explained,  such  a  complication  usually  results  . 
from  an  infective  embolus  or  thrombus  which  has  been  carried  along  the  portal 
vein.  It  ma}^  possibly,  however,  be  caused  by  infection  carried  along  the  lym- 
phatic vessels.  Though  these  do  not  connect  directly  with  the  liver,  the  com- 
munication may  be  made  through  the  hmiphatics  of  the  abdominal  wall;  or, 
what  is  perhaps  more  common,  the  suppurative  process  may  extend  directly 
from  an  abscess.  "HMiichever  be  the  origin,  such  abscesses  are  most  often  mul- 
tiple. The  symptoms  are  those  already  described  as  arising  when  the  portal 
veins  become  infected.  In  addition,  there  may  be  more  or  less  jaundice.  There 
is  apt  to  be  delirium,  and  the  obstinate  dryness  of  the  tongue  is  especially 
noticeable.     The  treatment  is  operation,  but  the  results  are  apt  to  be  discourag- 
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ing,  because  the  abscesses  are  generally  multiple.  Efforts  should  be  made,  how- 
ever, to  locate  the  collections  of  pus  and,  if  possible,  to  open  and  drain  them. 

Symptoms. — The  symptoms  of  appendicitis  are  usually  easy  of  recognition 
and  the  diagnosis  unmistakable.  There  is,  however,  no  disease  in  the  domain 
of  surgery  which  at  times  is  more  treacherous,  and  which  is  more  apt  to  deceive 
and  surprise  the  surgeon.  Not  only  is  the  diagnosis  of  the  disease  sometimes 
most  difficult,  but  a  true  recognition  of  its  severity  is  often  impossible.  There 
are  certain  cardinal  symptoms — such  as  pain,  nausea,  tenderness,  and  muscular 
rigidity — which  we  expect  to  find  in  every  case  of  appendicitis,  but  not  infre- 
Cjuently  one  or  more  of  these  signs  are  wanting,  and  occasionally  all  three  are 
absent.  We  should  naturally  expect  that  the  severity  of  the  inflammation  would 
be  in  direct  ratio  to  the  severity  of  the  symptoms.  Such  is  apt  to  be  the  case,  but 
there  are  so  many  exceptions  to  this  rule  that  it  is  wiser  not  to  feel  too  confident 
in  regard  to  its  infallibility.  Pain  and  local  tenderness  are  two  s\Tnptoms  which 
are  practically  always  present  in  some  degree  in  all  types  of  appendicitis.  The 
surgeon  with  delicate  touch  will  also  discover  muscular  rigidity  or  slight  in- 
crease of  tension.  Reflex  symptoms  referred  to  some  portion  of  the  gastro- 
intestinal tract— such  as  nausea,  vomiting,  colic,  constipation,  or  more  rarely 
diarrhoea — are  almost  invariably  present.  Fever  and  increased  pulse  rate 
are  also  symptoms  which,  in  acute  appendicitis,  generally  develop  early  in  the 
course  of  the  attack,  but  the  fever  is  apt  to  appear  less  early  than  do  the  above- 
mentioned  symptoms  and  it  is  of  less  diagnostic,  value. 

In  chronic  appendicitis  these  symptoms  may  be  scarcely  noticeable,  but  their 
persistence  or  occasional  occurrence,  in  spite  of  proper  hygiene,  diet,  and  medi- 
cation, should  influence  the  surgeon  to  be  constantly  on  the  watch  for  their 
development. 


IV.    SYMPTOMS,  COURSE    OF   THE    DISEASE,    AND    DIAGNOSIS   OF 

ACUTE  APPENDICITIS. 

The  usual  symptoms  of  acute  appendicitis  are:  pain;  nausea  and  vomiting; 
fever  and  increased  pulse  rate;  local  tenderness;  muscular  rigidity;  blood 
changes;  and  abdominal  distention.  These  symptoms  appear,  as  a  rule,  in  the 
order  just  stated.  The  pain  usually  precedes  the  nausea,  though  occasionally 
the  nausea  is  the  symptom  first  mentioned  by  the  patient.  Local  tenderness 
during  the  first  few  hours  of  the  attack  is  seldom  noted.  Generally  from  three 
to  ten  hours  elapse  before  the  existence  of  the  tenderness  can  be  definitely  de- 
termined. Of  these  symptoms,  probably  the  most  variable  is  the  fever.  As  a 
rule,  these  symptoms  appear  within  the  first  ten  hours  of  the  attack.  Their 
severity  gives  some  indication  of  the  severity  of  the  inflammation,  but  we  must 
not  forget  that  at  times  we  shall  be  completely  deceived  if  we  base  our  prog- 
nosis on  any  such  premises;  indeed,  the  pathological  changes  are  often  not 
fairly  expressed  by  the  symptoms.  A  most  dangerous  attack  may  creep  on 
insidiously  without  exciting  alarm  and  without  severe  symptoms.     The  onset 
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may  for  hours  be  apparently  mild  and  almost  harmless,  when  suddenly,  without 
warning,  the  most  eritieal  symptoms  may  develoj).  No  matter  how  slight  the 
inflammation  may  appear,  we  nuist  regard  the  ai)i)en(li('al  region  as  mined 
by  the  enemy  and  liable  at  any  moment  to  explode,  and  that,  often,  when  we 
least  expect  the  explosion.  The  surgeon  who  scoffs  at  the  possibility  of  sur- 
prises in  appendicitis  is  either  ignorant  or  reckless.  It  is  an  uncertain  disease, 
and  the  more  experienced  the  surgeon  the  more  anxious  he  feels.  In  his  opc^r- 
ations  he  is  never  surprised  if  he  finds  marked  dis{)roportion  between  the 
symptoms  and  the  pathological  conthtions. 

In  an  average  case  of  appendicitis  the  i)atient  first  notices  general  abdominal 
discomfort,  especially  marked  in  the  region  above  the  umbilicus.  A  feeling 
of  nausea,  with  perhaps  vomiting,  soon  follows,  and  what  was  at  first  merely 
discomfort  becomes  severe  pain,  apt  to  be  of  a  colicky  character,  and  more  or  less 
distributed  through  the  al^domen.  In  a  few  hours  fever  develops  and  the  pulse 
rate  increases.  The  nausea,  A\-ith  perhaps  vomiting,  is  apt  to  continue  for  sev- 
eral hours.  The  general  colicky  abdominal  pain  continues  for  six,  eight,  or  ten 
hours,  and  then  becomes  more  and  more  localized  in  the  right  inguinal  fossa. 
About  the  same  time  this  region  becomes  exquisitely^  sensitive  to  pressure,  and 
the  muscles  of  the  region  become  more  resistant  to  touch.  For  the  first  few 
hours  there  may  be  considerable  restlessness.  The  patient  may  squimi  and 
toss  about,  thinking  that  he  has  eaten  something  which  has  disagreed  with  him. 
He  feels  that  if  he  'could  vomit  he  would  be  relieved,  and  in  this  purpose  he 
may  sometimes  tickle  his  posterior  pharyngeal  wall  with  his  finger.  He  finds, 
however,  that  this  does  not  afford  relief,  and  this  knowledge  increases  his  un- 
happiness.  The  pain  soon  becomes  so  severe  that  he  finds  it  more  comfortable 
to  lie  flat  on  his  back,  with  the  right  or  perhaps  both  thighs  flexed  on  his  abdo- 
men, than  to  assume  any  other  position.  Intestinal  peristalsis  soon  ceases, 
and  the  abdomen  becomes  distended.  No  gas  can  be  expelled,  and  constipa- 
tion becomes  absolute.  Blood  changes  develop  within  a  few  hours  after  the 
attack.  The  leucocytes  increase  rapidly  to  12,000,  15,000,  20,000.  As  a  rule, 
the  differential  count  does  not  show  much  change  during  the  first  few  hours 
of  the  attack. 

In  a  mild  case  the  above-mentioned  symptoms  continue  for  about  twenty  or 
twenty-four  hours,  and  then  begin  to  diminish.  The  nausea  ceases,  the  pain  be- 
comes less,  and  the  iliac  region  becomes  less  exquisitely  sensitive  to  pressure.  In 
a  favorable  case,  after  the  expiration  of  forty-eight  hours,  there  should  be  no- 
ticed a  marked  improvement.  Nausea  should  have  entirely  ceased,  temperature 
and  pulse  rate  should  be  lowered,  gas  should  have  been  expelled  from  the  rectmii, 
the  abdominal  distention  should  have  largely  disappeared,  and  the  local  pain 
and  tenderness,  while  not  abolished,  should  be  distinctly  diminished.  If,  in 
the  third  twenty-four  hours,  such  amelioration  of  symptoms  does  not  take  place, 
the  case  is  not  a  favorable  one  and  should  be  regarded  with  anxiety,  especially 
if,  in  the  blood  count,  the  polynuclear  cells  have  increased  in  number.  At  this 
stage,  or  indeed  at  any  stage,  of  the  disease  the  polynuclear  count  is  of  the 
greatest  value. 
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In  a  severe  case  the  symptoms,  in  the  second  twenty-four  hours,  do  not 
diminish.  The  nausea  and  vomiting,  however,  except  in  very  severe  cases, 
should  have  ceased.  The  pain  and  local  tenderness,  as  well  as  the  muscular 
rigidit}'',  persist.  The  temperature  and  pulse  rate  increase  rather  than  dimin- 
ish, and  the  abdominal  distention  becomes  more  pronounced.  If,  by  the  third 
twenty-four  hours,  these  symptoms  are  still  on  the  increase  the  case  should  ha 
considered  as  very  grave.  Probably  at  this  time  a  distinct  tumor  will  be  felt 
in  the  right  inguinal  region.  Under  such  conditions  a  cure  by  resolution  will 
rarely  result.  If  this  favorable  outcome  were  to  follow,  decided  im])rovement 
should  have  shown  itself,  at  latest,  before  the  expiration  of  the  third  day.  This 
improvement  not  having  taken  place,  the  probable  course  of  the  disease  will 
be  either  toward  a  localized  abscess  or  toward  a  general  peritonitis. 

(a)  Course  of  the  Disease  toivard  a  Localized  Abscess. — When  the  course  of 
the  disease  is  toward  a  localized  abscess,  the  abdominal  distention  will  often 
gradually  subside,  there  will  be  no  recurrence  of  nausea  or  vomiting,  and  the 
local  tenderness  and  pain  will  become  less  marked.  A  more  distinct  and  larger 
tumor  will,  however,  develop  in  the  right  inguinal  region.  The  fever  will  prob- 
ably persist  and  may  assume  a  septic  type.  Such  an  abscess,  if  well  walled  in 
by  inflammatory  exudate,  may  remain  more  or  less  stationary  for  many  days 
or  even  weeks,  the  pus  resting  perfectly  tranquil,  decreasing  in  virulency,  and 
permitting  of  distinct  amehoration  of  the  symptoms.  The  abdomen  loses  its 
distended  appearance  and  the  bowels  resume  their  normal  functions.  The 
temperature  ma}^  even  be  decidedly  reduced,  though  it  is  apt  to  continue  its 
septic  curve,  with  evening  rise  and  morning  remission.  The  blood  changes, 
however,  will  be  very  decided,  the  percentage  of  polynuclear  cells  remaining 
high,  even  though  the  leucocytes  have  decreased  in  number.  On  the  other 
hand,  the  abscess  ma}^  increase  rapidly  in  size  and  tend  to  "point"  in  one  direc- 
tion or  another.  It  may  burrow  downward  toward  the  pelvis  or  backward 
toward  the  loin,  or  it  may  "point"  anteriorly  just  above  Poupart's  ligament. 
Instead  of  this  frank  course,  the  walls  of  the  abscess  may  allow  an  intraperitoneal 
leakage  to  occur,  with  formation  of  secondary  abscesses. 

Secondary  Abscesses. — The  number  and  location  of  these  will  vary.  The 
most  frequent  position  is  in  the  pelvis,  the  next  most  frequent  toward  the  loin, 
depending  more  or  less  on  the  situation  of  the  primary  appendical  abscess. 
Such  secondary  collections  of  pus,  however,  may  form  at  more  distant  points, 
as  in  Douglas'  cul-de-sac,  in  the  left  pelvic  region,  or  near  the  umbilicus.  Not 
only  may  there  be  one  such  distant  abscess,  but  there  may  be  multiple  collections 
of  pus  at  various  points  throughout  the  abdominal  cavity.  Such  a  condition 
may  be  teraied  a  suppurative  peritonitis.  Accompanying  the  extension  of 
the  abscess  or  spread  of  the  pus,  there  is  generally  a  distinct  relapse  of  unfa- 
vorable symptoms.  These  are  more  apt  to  indicate  septic  suppm^ation  than 
peritoneal  irritation.  The  temperature,  still  retaining  its  septic  curve,  reaches 
a  greater  elevation;  the  pulse  increases  in  rapidity;  the  tongue  becomes  dry 
and  coated;  and  occasionally  there  may  be  chills.  The  patient  assumes  a 
septic  look,  the  skin  is  pale  and  sallow  and  jierhaps,  if  the  abscess  be  near  the 
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liver,  tinged  with  jaundice.  There  will  be  a  slow  increase  in  th(>  abdominal 
distention,  and  the  bowels  will  be  very  sluggish,  with  considerable;  stagnation 
of  gas.  Pain  is  rather  variable.  It  is  seldom  very  severe,  but  tiiere  is  a  general 
sense  of  soreness  and  the  patient  is  apt  to  feel  utterly  miserable.  Local  ten- 
derness is  also  variable.  It  is  seldom  acute,  but  deep  pressure  directly  over 
the  abscess  will,  as  a  rule,  distinctly  hurt  the  patient.  The  abnormality  of 
the  blood  will  continue  or  even  increase. 

(6)  Course  of  the  Disease  toimrcl  a  General  Peritonitis. — If  the  course  of  the 
disease  tends  toward  a  general  peritonitis,  there  will  be  either  sudden  or  gradual 
increase  in  the  unfavorable  symptoms.  The  abdominal  distention  will  increase, 
the  pulse  will  become  more  rapid  and  more  wiry,  and  nausea,  with  belching  of 
gas  and  "secondary  vomiting,"  will  appear.  The  local  pain  and  tenderness 
may  entirely  cease,  and  there  may  no  longer  be  any  general  abdominal  soreness 
and  tenderness.  The  face  assumes  an  anxious  expression  and  the  vomiting  be- 
comes more  frequent  and  explosive  in  character;  the  material  vomited  being 
at  first  brownish,  but  later  becoming  greenish  in  hue  ("spinach-green").  The 
abdomen  becomes  very  hard,  board-like,  and  enormously  distended.  Res- 
piration becomes  labored  and  shallow.  The  pulse  increases  in  rapidity  to  130, 
130,  140.  The  extremities  become  cold,  the  finger-nails  blue.  The  fever  is 
very  variable.  As  a  rule,  the  temperature  does  not  rise  proportionately  to  the 
increase  in  gravity  of  other  symptoms.  It  generally  remains  between  101° 
and  103°  F.,  though  just  before  death  it  may  rapidly  rise  to  105°  or  106°  F.  In 
certain  cases,  and  these  are  the  most  unfavorable,  the  temperature  remains  low 
(under  100°  F.)  throughout  the  whole  course  of  the  disease;  indeed,  for  part 
of  the  time,  it  may  be  subnormal.  The  comparative  freedom  from  fever, 
especially  if  associated  with  a  rapid  pulse  and  a  low  leucocytosis,  indicates 
a  lack  of  resistance  on  the  part  of  the  patient,  and  the  prognosis  in  such 
cases  is  always  very  grave.  This  is  especially  true  if  the  polynuclear  cells 
increase  to  80  per  cent  or  above.  An  estimate  of  the  number  of  these 
cells  serves  as  one  of  the  most  valuable  guides  that  we  possess, — one  upon 
which  we  base  our  judgment  either  as  to  the  presence  of  pus  or  as  to  the 
spread  of  the  peritonitis. 

While  the  description  just  given  is  that  of  the  most  usual  type  of  the  disease, 
there  are,  nevertheless,  so  many  variations  of  tj^pe,  and  so  many  irregular  symp- 
toms in  any  type,  that  a  more  detailed  description  is  necessary,  both  as  to  the 
mode  of  onset  and  also  as  to  the  character  of  some  of  the  special  symptoms. 
The  disease  is  often  most  irregular  in  its  development  of  symptoms.  Frequently 
one  or  more  of  the  most  characteristic  symptoms  is  entirely  absent,  and  when 
they  are  present  their  prominence  varies  greatly.  In  many  cases  nausea  and 
vomiting  are  the  predominant  symptoms,  while  in  other  cases  this  predominance 
must  be  accorded  to  pain  and  local  tenderness.  In  certain  severe  cases  the 
collapse  may  be  so  great  that  it  masks  all  other  sjTuptoms. 

The  Onsets — An  attack  is  occasionally  ushered  in  by  a  chill,  but  this  is  the 
exception  rather  than  the  rule.  Of  course,  the  chilly  sensations  which  usually 
accompany  fever  may  be  experienced.     The  onset  may  be  ver}''  sudden  or  very 
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gradual.     Between   these   two   extremes,    its   severity   varies   greatly.     Three 
grades  of  severity  may  be  noted:    very  severe,  moderately  severe,  and  mild. 

(a)  A  Very  Severe  Onset. — The  attack  may  be  ushered  in  by  the  most  alarm- 
ing symptoms.  The  patient  is  suddenlj^  seized  with  intense  abdominal  pain, 
its  exact  location  being  indefinite.  At  the  same  time  there  may  be  a  chill  or 
vomiting.  Signs  of  collapse  rapidlj^  follow:  excessive  pallor,  an  extremely 
anxious  facial  expression,  a  small  rapid  pulse,  shallow  respiration,  and  perhaps 
subnormal  temperature.  The  abdomen  rapidly  becomes  distended  and  vom- 
iting continues.  Such  a  group  of  symptoms  indicates  perforation  with  rapid 
absorption.  The  poison  has  made  an  unexpected  assault  on  an  unprepared 
peritoneum,  and,  for  a  time  at  least,  its  resisting  power  is  overwhelmed.  After 
a  few  hours  it  will  be  seen  whether  or  not  the  patient  is  able  successfully  to 
conquer  the  invader.  This  will  be  shown  by  an  improvement  in  the  circulation, 
by  the  less  distressed  appearance  of  the  patient,  by  an  increase  in  the  number 
of  leucocytes,  and  perhaps  by  an  elevation  of  temperature.  If,  in  addition, 
there  are  signs  of  returning  peristalsis,  a  cessation  of  vomiting,  and  a  passing 
of  flatus,  the  case  may  be  considered  as  one  that  is  progressing  favorably,  due 
allowance  being  made  for  the  violence  of  the  onset.  If,  on  the  other  hand,  the 
poison  cannot  successfully  be  resisted,  the  pulse  remains  small,  rapid,  and  wiry ; 
the  anxious  look  and  the  distressing  respiration  do  not  disappear;  the  abdom- 
inal distention  rapidly  increases,  peristalsis  being  paralyzed ;  vomiting  persists 
and  becomes  more  frequent  and  projectile  in  character;  the  finger  nails  become 
blue;  and  in  twenty-four  hours  from  the  onset  of  the  attack  the  patient's  con- 
dition is  most  desperate.  Such  an  attack  is  called  "fulminating,"  and  the 
prognosis  is  practically  hopeless,  no  matter  what  treatment  may  be  adopted. 

(6)  A  Moderately  Severe  Onset. — ^The  onset  is  less  severe  and  more  gradual. 
Instead  of  the  sudden  pain  and  nausea,  these  symptoms  will  gradually  develop 
during  a  period  of  several  hours.  In  fact,  the  pain  and  nausea  may  be  so  insig- 
nificant that  several  hours  (from  ten  to  twenty-four)  may  elapse  before  the  diag- 
nosis can  be  made.  At  the  end  of  this  period,  however,  the  symptoms  may  be 
quite  as  pronounced  as  in  those  cases  in  which  the  onset  is  more  acute.  The 
same  pathological  lesions  are  produced,  but  in  the  one  case  the  time  for  their 
production  is  an  hour  or  two,  while  in  the  other  case  this  period  amounts  to  as 
much  as  from  twelve  to  twenty-four  hours. 

(c)  A  Mild  Onset. — The  onset  is  mild.  There  is  no  vomiting.  Nausea 
continues  but  a  few  hours.  Abdominal  distention  is  practically  absent.  The 
pain  is  not  severe  and  local  tenderness  is  not  pronounced.  There  is  but  little 
elevation  of  temperature  (100°  to  100.5°  F.)  and  the  pulse  remains  about  90. 
Instead  of  a  change  for  the  worse  at  the  end  of  twelve  or  eighteen  hours  (as  in 
the  preceding  group),  the  severity  of  the  symptoms  does  not  increase,  but 
rather  begins,  on  the  second  day  of  the  disease,  to  diminish.  Under  this  head- 
ing may  be  mentioned  what  is  sometimes  called  appendical  colic.  The  normal 
appendix  is,  as  a  rule,  practically  empty.  It  is  apt  to  resent  the  entrance  of 
foreign  matter.  If  there  be  an  obstruction,  due  to  inflammatory  swelling  at  the 
appendical  neck,  the  muscular  coats  will  trv  to  force  the  contents  out  into  the 
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ca'ciiiri,  and  as  a  result  considerable  colic  ma}'  be  excited.  Even  without 
obstruction  colic  ma}'  be  caused  by  the  efforts  of  the  appendix  to  rid  itself  of 
the  presence  of  an  extra  amount  of  faecal  matter. 

The  Further  Course  of  the  Disease. — The  course  of  the  disease  will  vary 
greatly  according  to  the  amoimt  of  damage  produced  by  the  attack  of  inflam- 
mation.    For  convenience  the  cases  may  be  divided  into  three  groups. 

(a)  First  Grou}). — When  the  symptoms  are  due  to  mere  inflammatory  or 
trdematous  obstruction  at  the  neck  of  the  appendix  (its  narrowest  point)  there 
may  be  a  rather  sudden  and  decided  amelioration  due  to  the  yielding  of  the 
obstruction  before  there  has  occurred  any  extensive  inflammatory  infiltration 
of  the  mucous  or  submucous  coats.  Under  these  circumstances  there  will  be 
observed,  on  the  second  day,  or,  at  the  latest,  on  the  third,  the  following  change : — • 
The  pain  and  local  tenderness  rapidly  diminish,  the  fever  abates,  the  abdomen 
becomes  softer,  gas  is  expelled,  and  very  soon  a  distinct  improvement  takes 
place  in  the  patient's  appearance  and  feelings.  Two  or  three  more  days  will 
elapse,  how^ever,  before  the  local  tenderness  and  pain  have  entirely  disappeared, 
though  these  m&v  be  noticed  only  on  bodily  movement,  or  when  the  caecum  is 
distended  with  gas.  On  the  fourth  or  fifth  day  from  the  commencement  of  the 
attack  the  patient  should  be  practically  well,  the  only  disagreeable  remnant 
of  the  attack  being  some  sensitiveness  of  the  csecal  region  when  an  extra  amount 
or  an  extra  force  of  gas  passes  through.  But  if  this  latter  s\^nptom  persists 
for  many  days  careful  watch  should  be  kept  of  the  patient,  for  fear  that  some 
lurking  inflammation  maj'  again  break  out  in  a  fresh  attack,  or  that  a  chronic 
appendicitis  may  ensue. 

(6)  Second  Group. — The  obstruction  may  not  yield,  and  there  is  a  general 
infiltration  of  the  mucous  and  submucous  coats.  In  such  an  event  symptoms 
will  persist  probably  throughout  the  second  and  perhaps  even  the  third  day. 
The  pain  and  local  tenderness  wall  continue,  the  abdominal  distention  does  not 
disappear,  the  pulse  and  temperature  remain  moderately  elevated,  and  the 
tongue  remains  furred.  \'omiting,  however,  should  cease.  If  the  inflammation 
is  limited  to  a  mere  infiltration  of  the  appendix,  the  symptoms  will  gradually 
diminish  on  the  third  and  fourth  days  of  the  attack.  The  change,  however, 
will  not  take  place  suddenly,  but  the  abdomen  will  gradually  become  softer, 
the  tenderness  less  acute,  and  the  pulse  and  temperature  lower.  The  miprove- 
ment  should  be  progressive,  and,  at  the  end  of  the  sixth  or  the  seventh  day, 
there  should  be  no  unfavorable  signs  remaining,  except  perhaps  a  slight  local 
tenderness.  If  the  symptoms  persist  beyond  the  sixth  or  seventh  day  the 
chances  are  strongly  against  resolution  of  the  inflammation,  and  the  inference 
is  w-arranted  that  there  is  either  a  persisting  subacute  inflammation  of  the 
appendical  walls,  or  an  ulceration  extending  through  the  mucous  membrane, 
or  an  involvement  of  the  tissues  outside  of  the  appendix.  It  is  impossible  in 
most  cases  to  determine  which  one  of  these  conditions  is  causing  the  symptoms. 
Of  course,  if  they  be  due  to  a  simple  subacute  catarrhal  inflammation,  they  are 
apt  to  be  mild  in  character.  For  example,  the  fever  is  comparatively  slight 
and  there  is  very  httle  abdominal  distention,  but  a  slight  ache  \\ill  persist,  and 


646  AMERICAN  PRACTICE   OF  SURGERY. 

there  will  be  a  spot  where  the  local  tenderness  is  quite  acute.  Flatulent  indiges- 
tion will  also  be  a  usual  complaint.  If,  in  addition  to  the  inflammatory  infiltra- 
tion, there  be  actual  ulceration  the  symptoms  will  depend  more  or  less  on  the 
depth  of  the  ulcer.  If  it  extends  through  the  mucous  coats  alone  the  symptoms 
may  not  be  nuich  more  pronounced  than  they  are  in  the  cases  belonging  to 
the  first  group.  There  should  be  some  absorption,  however,  and  this  may  show 
itself  in  the  increase  in  the  polynuclear  cells.  If  the  ulcer  extends  down  to  the 
serous  coat  there  is  apt  to  be  a  change  in  the  symptoms,  due  either  to  a  local 
peritonitis  or  to  septic  inflanmiation  of  the  surrounding  tissues,  caused  by  the 
escape,  through  the  base  of  the  ulcer,  of  bacteria  or  appendical  contents. 
There  may  be  no  distinct,  or  at  least  no  visible,  perforation;  and  yet  sufficient 
bacteria  will  escape  to  set  up  either  a  local  abscess  or  a  general  peritonitis. 

(c)  Third  Group.— When  perforation  occurs,  the  character  and  severity  of 
the  symptoms  will  largely  depend  on  whether  the  perforation  be  into  the  gen- 
eral peritoneal  cavity  or  whether  the  escaping  poison  be  confined  to  a  compar- 
atively small  area,  limited  by  adherent  structures,  intestinal  coils,  omentum, 
etc.,  which  have  been  more  or  less  matted  together  or  plastered  against  the 
appendix  by  the  accumulation  of  lymph.  This  limiting  wall  may  be  perfect  or 
at  some  one  point  it  may  be  wanting.  If  the  latter  defect  exist,  the  result  will 
be  either  a  secondary  abscess  or  a  spreading  or  general  peritonitis.  It  is  of  the 
utmost  importance,  at  the  earliest  moment  after  perforation  has  been  suspected, 
to  detemiine  which  one  of  these  courses  has  been  followed — that  is,  whether  the 
perforation  has  opened  into  the  general  peritoneal  ca^dty  or  into  a  cavit}''  which 
is  walled  off  by  adherent  intestines.  Unfortunately,  in  advance  of  the  per- 
foration, we  can  never  with  certainty  detennine  which  of  these  courses  will  be 
followed.  These  hours  of  uncertainty  may  be  most  critical.  If  we  delay  opera- 
tion, in  the  expectation  that  a  locaHzed  abscess  will  foiTn,  the  favorable  mo- 
ment for  interference  may  shp  by.  Even  after  the  occurrence  of  the  perforation 
some  hours  may  elapse  before  we  can  be  sure  which  of  the  two  courses  has  been 
followed.  The  sudden  perforation  of  an  adherent  appendix  is  generally  accom- 
panied by  pronounced  symptoms,  and  particularly  by  signs  of  peritoneal  shock. 
The  pulse  becomes  small  and  more  rapid;  there  is  often  intense  pain;  the  pa- 
tient is  conscious  that  he  is  severely  ill  and  his  anxious  countenance  reveals  the 
fact  plainly;  his  face  is  of  a  gray,  ashen  color;  his  respiration  is  shallow,  and  his 
skin  is  likely  to  be  covered  with  a  cold  sweat.  Later,  the  increased  distention 
of  the  abdomen  and  the  occurrence  of  regurgitation  from  the  stomach,  followed 
by  vomiting,  indicate  withovit  question  that  a  general  peritonitis  is  threatened. 

Such  a  train  of  symptoms,  however,  does  not  always  follow.  The  involve- 
ment of  the  general  peritoneum  may  take  place  more  insidiously,  and  houra 
may  elapse  before  the  observer  is  aware  that  a  general  peritonitis  is  established. 
This  is  especially  apt  to  be  the  case  in  children.  The  symptoms  change  so 
slowly  that  one  is  able  to  realize  the  gravity  of  the  patient's  condition  only  by 
the  most  watchful  and  painstaking  observation.  If  adhesions  have  fortunately 
prevented  the  escape  of  appendical  contents  into  the  general  peritoneal  cavity, 
the  symptoms  will  indicate  increased  sepsis  rather  than  peritoneal  irritation. 
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At  the  nionioiit  of  perforation  there  may  be  slight  temporary  pain  and  shock, 
owing  to  a  mild  absori)tion;  the  pulse-rate  may  increase;  and  the  patient  may 
look  and  feel  for  a  short  time  distinctly  more  ill.  If  the  leakage,  however,  be 
quite  limited  these  graver  symptoms  do  not  increase,  nor  is  there  apt  to  be  much 
evidence  of  peritoneal  inflanmiation.  Indec^d,  the  pain  and  local  tenderness 
are  often  diminished  because  of  relief  of  tension.  The  temperature  and  pulse, 
however,  assume  a  course  which  indicates  suppuration,  and  there  may  be  chills. 
The  temperature  is  apt  to  rise  to  103°  F.  and  over  in  the  evening,  and  toward 
morning  to  drop  two  or  three  degrees.  The  blood  changes  also  become  more 
marked,  the  polynuclear  cells  showing  marked  increase.  A  tumor  soon  forms, 
or,  if  one  has  already  been  observed,  it  increases  in  size.  Later,  a  distinct  sense 
of  fluctuation  may  be  felt  beneath  McBurney's  point,  or  (by  rectal  examination) 
deep  in  the  pelvis,  or  posteriorly  in  the  loin.  Secondary  abscesses  may  develop 
in  any  of  these  localities. 

From  the  above  descriptions  it  will  be  noted  that  there  are  three  classes  of 
cases : — 

(1)  Those  in  which  the  patient,  under  any  form  of  treatment,  will  probably 
die;  the  only  chance  for  recovery  being  afforded  bj^  an  operation — perhaps 
early,  perhaps  later. 

(2)  Those  in  which  the  patient  will  spontaneously  recover  if  properly  treated. 
The  duration  of  the  disease,  in  these  cases,  is  from  two  to  five  da3^s. 

(3)  Those  in  which  the  patient  can  not  recover  spontaneously,  but  in  which 
the  prognosis,  if  operation  be  perfomied  at  the  proper  time,  is  very  favorable. 

If  we  exclude  certain  so-called  "  fulminating  cases," — cases  which  belong  to  the 
first  class  and  which  are  so  desperate  as  to  justify  an  uncjuestionably  bad  prog- 
nosis,— there  remains  for  consideration  the  large  majority  of  patients,  regarding 
whom  the  outcome  may  be  either  favorable  or  unfavorable.  In  a  certain  pro- 
portion of  these  cases  it  can  be  practically  decided  that  perforation  has  occurred 
at  the  very  onset  of  the  disease.  In  the  great  majority  of  these  cases,  however, 
— cases  in  which  the  symptoms  indicate  the  existence  of  only  a  moderate  degree 
of  inflammation, — the  appearances  are  most  deceptive.  It  is  exactly  in  this 
class  of  cases  that  the  inexperienced  observer  is  apt  to  be  deceived.  Not  only 
do  we  never  know  the  exact  nature  of  the  lesion,  but  we  never  can'  foretell  what 
mishap  may  occur.  The  change  may  take  place  either  gradually  or  suddenly. 
The  unfavorable  symptoms  may  creep  on  almost  imperceptibly,  and  the  cases 
in  which  the  change  is  of  this  character  are  apt,  perhaps,  to  prove  more  serious 
than  those  in  which  the  transition  is  more  sudden.  Such  a  rapid  transition  is 
generally  apt  to  occin-  on  the  second  day  of  the  disease,  although  the  cases  differ 
greatly  in  this  particular. 

As  already  observed,  the  symptoms  which  occur  when  a  favorable  change 
is  in  progress,  are  in  some  respects  similar  to  those  which  are  caused  by  an  un- 
favorable change.  A  drop  in  the  temperature,  with  diminution  of  the  pain  and 
tenderness,  may  attract  attention  in  either  condition.  In  the  one  case  it  is 
a  most  favorable,  in  the  other  a  most  dangerous  symptom.  In  the  former  case 
the  diminution  of  fever  and  pain  is  more  apt  to  be  gradual,  in  the  latter  it  is  apt 
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to  be  sudden.  One  cannot,  however,  depend  on  these  distinctions^  and  the  other 
symptoms,  such  as  distention,  facies,  and  pulse,  must  be  closely  scrutinized. 
The  inexperienced  surgeon  is  often  deceived  by  this  apparent  lull.  The  patient 
may  himself  feel  better,  owing  to  relief  of  tension.  If  the  surgeon  is  not  mak- 
ing frequent  visits,  the  nurse  may  report  improvement — "less  pain;  patient 
feels  better."  Many  a  life  has  been  sacrificed  through  lack  of  careful  and 
experienced  observation  at  this  critical  moment.  The  putting  off  of  the  oper- 
ation because  of  apparent  improvement  may  render  the  prognosis  absolutely 
unfavorable.  Even  for  the  experienced  surgeon  it  is  often  most  difficult,  some- 
times impossible,  to  determine  on  which  route  the  disease  is  travelling.  He  may 
hesitate  to  operate  in  the  face  of  apparent  improvement.  The  report  of  a 
fall  in  temperature,  and  the  patient's  own  feeling  of  improvement  may  cause 
him  to  question  his  better  judgment.  He  may  be  persuaded  to  temporize  for 
an  hour  or  two,  and  this  is  especially  apt  to  be  the  case  if  he  sees  the  patient 
for  the  first  time  at  this  critical  moment.  Previous  observations  may  have  been 
unreliable.  It  is  only  by  the  most  careful  scrutiny  of  all  the  symptoms  that 
he  can,  in  this  puzzling  situation,  arrive  at  a  just  decision.  The  polynuclear 
count  will,  at  this  juncture,  be  of  the  greatest  value.  A  coujit  of  over  eighty 
per  cent  should  invariably  decide  the  matter  in  favor  of  immediate  operation. 
Analysis  of  the  Symptoms. — Pain. — Pain  is  very  rarely  absent.  Some  human 
beings,  of  course,  are  very  insensitive  to  pain,  and  in  such  patients  the  pain 
may  be  insignificant.  Its  absence,  however,  should  make  us  very  suspicious 
that  the  disease  is  not  appendicitis.  It  is  generally  the  first  symptom  of  which 
the  patient  complains.  It  is  described  in  various  terms.  Generally  it  is  more 
or  less  paroxysmal  in  character,  due  to  gas  passing  through  the  caecum,  or  to  the 
peristaltic  action  of  the  inflamed  appendix  endeavoring  to  force  out  its  con- 
tents past  the  inflammatory  obstruction  at  its  base.  The  exact  location  of  the 
pain  is  apt,  at  first,  to  be  indefinite.  Some  patients  describe  it  as  a  general 
colicky  abdominal  pain;  others  call  it  a  boring,  burning,  stabbing,  or  tearing 
pain;  and  still  others  describe  it  as  a  dull,  sickening,  depressing  sensation. 
In  about  half  the  cases  the  locality  in  which  pain  is  at  first  felt  is  in  the  middle* 
of  the  abdomen,  a  short  distance  above  the  umbihcus.  In  some  very  acute  cases, 
where  there  has  occurred  a  sudden  unexpected  perforation,  the  pain  may  be  at 
once  felt  in  the  right  ihac  region.  Its  severity  varies.  In  about  half  the  cases, 
the  attack  begins  with  severe  pain;  in  others  there  is  a  more  gradual  develop- 
ment of  pain.  For  the  first  hour  or  two  the  pain  is  of  an  ill-developed  character, 
and  it  is  not  described  as  severe  until  after  the  lapse  of  a  few  hours.  On  an 
average,  the  severity  of  the  pain  reaches  its  maximum  about  the  fifth  or  sixth 
hour  of  the  disease.  This,  however,  is  very  variable,  as  in  some  severe  cases 
the  attack  begins  with  most  severe  pain.  In  favorable  cases  the  severity  of  the 
pain  diminishes  during  the  second  twentj^-four  hours  of  the  attack.  In  unfa- 
vorable cases  there  is  no  such  abatement,  but  intense  pain  persists,  until  either 
an  abscess  forms  or  a  general  peritonitis  develops.  Wherever  primarily  felt, 
it  soon  becomes  localized  in  the  right  iliac  fossa.  Generally,  in  from  five  to  eight 
hours  the  patient  appreciates  that  he  has  more  pain  in  his  lower  right  abdomen 
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than  at  any  other  part.  This  knowledge,  however,  may  be  first  derived  from  the 
fact  that  pn^ssure  by  the  examiner's  finger  causes  local  pain  in  this  region. 
When  pain  has  become  localizc>d  in  the  right  iliac  region,  it  is  apt  to  remain 
more  or  less  confined  to  this  area,  and  the  general  abdominal  pain  gradually  be- 
comes less  prominent,  or  at  all  events  it  is  overshadowed  by  the  severity  of  the 
local  pain.  This  latter  persists  \mtil  the  inflanmiation  undergoes  resolution, 
or  the  appendix  is  removed  by  operation,  or  a  general  i^eritonitis  develops. 
The  disappearance  of  local  pain,  if  accompanied  by  the  general  abdominal  pain, 
is  apt  to  be  a  very  unfavorable  symptom.  If  attended  by  an  increase  in  the 
pulse-rate,  by  tympanites  or  abdominal  rigidity,  it  is  ajjt  to  mean  the  develop- 
ment of  a  general  peritonitis.  A  recurrence  of  pain  after  its  severity  has  di- 
minished is  also  an  unfavorable  sign,  as  it  means  a  relapse  due  to  some  serious 
cause,  which  most  probably  is  either  a  perforation  or  a  spread  of  the  peri-ap- 
pendical  inflammation. 

Nausea  arid  Vomiting. — One  or  other  of  these  symptoms  is  rarely  absent 
in  acute  appendicitis.  Vomiting  occurs  in  certainly  one-third  of  the  acute 
cases,  nausea  in  practically  all.  Nausea  and  vomiting  generally  follow  the  pain, 
but  these  three  symptoms  may  appear  simultaneously.  If  the  nausea  and 
vomiting  precede  the  pain  by  many  hours,  the  disease  is  probably  not  appen- 
dicitis. The  nausea,  which  generally  continues  for  hours,  is  apt  to  be  of  a  most 
unsatisfactory  character;  the  patient  feeling  that  an -attack  of  vomiting  would 
be  of  no  avail — a  characteristic  which  distinguishes  the  nausea  of  this  disease 
from  an  ordinary  gastric  nausea.  It  is  also  not  like  the  nausea  of  sea-sickness. 
It  seems  to  spring  from  a  deeper  area  in  the  abdomen,  and  is  apt  to  give  the  im- 
pression of  a  heavy  sickening  weight  in  a  region  just  above  the  umbilicus. 
Vomiting  may  usher  in  the  attack;  but,  on  the  other  hand,  it  may  not  occur 
until  some  hours  have  elapsed.  In  very  grave  cases  the  vomiting  may  never 
cease ;  it  recurs  persistently,  at  half-hourly  or  hourly  intervals,  up  to  the  moment 
of  death  or  until  relief  is  afforded  by  operation.  In  moderate  cases,  the  vomit- 
ing is  generally  limited  to  the  first  few  hours  of  the  attack.  Primary  vomiting, 
unless  in  unfavorable  cases,  does  not  generally  continue  for  more  than  three 
or  four  hours,  though  in  some  cases  this  limit  may  be  extended.  If  it  has  once 
ceased,  its  recurrence  is  a  most  unfavorable  sign.  Secondary  vomiting,  occur- 
ring on  the  third  or  fourth  day  of  the  disease,  is  usually  an  indication  that  a 
general  peritonitis  is  developing. 

Local  Tenderness. — Local  tenderness  is  one  of  the  most  constant,  as  well 
as  one  of  the  most  characteristic,  symptoms.  The  time  when  it  first  ap- 
pears varies.  It  may  exist  from  the  onset;  and  then  again  several  hours  ma}^ 
elapse  before  its  existence  can  be  verified.  Its  absence  for  the  first  twelve  or 
fourteen  hours  deprives  us  of  one  of  the  most  important  symptoms,  as  without 
it  we  can  rarely  be  absolutely  sure  of  the  correctness  of  our  diagnosis.  The 
degree  of  the  tenderness  varies.  Most  frequently  it  is  very  acute.  The  sen- 
sitiveness is  so  exquisite  that  even  the  weight  of  the  sheet  may  cause  pain. 
In  other  cases,  especially  when  the  appendix  is  deeply  situated  toward  the  pelvis, 
it  is  moderate  in  degree,  considerable  pressure  being  needed  before  the  patient 
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complains.  The  area  over  which  it  is  felt  also  varies  somewhat  in  extent.  Its 
point  of  maximum  intensity,  however,  is  nearly  always  at  or  near  McBurney's 
point,  beneath  which  lies  the  base  of  the  appendix.  In  McBurney's  own  words, 
"the  seat  of  the  greatest  pain,  determined  by  the  pressure  of  one  finger,  lies 
very  exactly  between  an  inch  and  a  half  and  two  inches  from  the  anterior  sj^inous 
process  of  the  ilium,  on  a  straight  line  drawn  from  this  process  to  the  umbilicus." 
At  first,  however,  the  local  tenderness  is  apt  to  involve  a  space  about  equal  to 
the  palm  of  the  hand;  indeed,  the  surface  of  the  entire  right  iliac  fossa  is  tender, 
and  often  exciuisitely  so,  to  pressure.  As  the  disease  progresses  the  maximum 
tenderness  is  apt  to  become  more  confined  to  McBurney's  point.  The  tender- 
ness persists  as  long  as  the  disease  remains  active  and  localized.  It  is  one  of 
our  most  valuable  signs  for  formation  of  judgment  as  to  the  progress  of  the 
disease.  Its  persistence  means  continuance  of  the  inflammation,  its  subsi- 
dence means  either  decrease  of  peritoneal  inflammation  or  a  general  peritonitis 
— which  one  of  these,  it  may  be  possible  to  decide  from  the  variations  in  the  other 
symptoms  (the  pulse,  facial  expression,  tympanites,  etc.).  The  point  of  maxi- 
mum tenderness  may  not,  however,  be  situated  at,  or  indeed  near,  McBurney's 
point.  This  -will  generally  denote  an  unusual  situation  of  the  appendix.  The 
point  may  be  found  lower  down  toward  Poupart's  ligament,  or  even  more  in- 
ternally under  the  lower  part  of  the  right  rectus  nmscle.  It  may  also  be  situated 
nearer  the  anterior  iliac  spine,  or  farther  backward  toward  the  loin.  Occa- 
sionalh^  it  is  noted  on  a  level  with  the  umbilicus.  Should  there  be  uncertainty 
as  to  the  presence  of  local  tenderness,  further  infonnation  may  be  obtained  on 
noting  the  location  of  greatest  pain  when  the  patient  coughs,  during  which  act 
firm  continuous  pressure  with  the  palms  of  the  hands  is  exerted  o\'er  the  upper 
and  left  lower  abdomen.  Under  these  circumstances,  local  pain  may  be  felt  in 
the  appendical  region  alone.  This  same  localization  of  pain  may  also  be  con- 
firmed by  making  with  the  hand  energetic,  cjuick  palpations  on  the  left  side  of 
the  abdomen.  It  should  also  be  noted  that  the  downward  pressure  of  the  pal- 
pating finger  may  not  be  nearly  as  painful  as  the  upward  spring  of  the  abdomi- 
nal wall  when  pressure  is  removed. 

Muscular  Rigidity. — Muscular  rigidity  is  perhaps  the  most  characteristic 
symptom  of  peritoneal  congestion  and  inflammation.  Over  an  inflamed  area 
of  peritoneum  the  muscles  are  "on  guard"  against  traumatism.  There  is  a 
persistent  contraction,  and  the  shghtest  touch  generally  increases  this  tonic 
contraction.  The  right  rectus  muscle  is  especially  sensitive,  though  the  oblique 
muscles  covering  the  inflamed  area  are  also  affected.  This  rigidity  varies  some- 
what according  to  the  extent  of  the  inflammation  and  its  proximity  to  the 
surface.  It  is  less  noticeable  if  the  inflamed  peritoneum  is  deeply  situated, 
either  toward  the  pelvis  or  toward  the  loin.  Its  development  is  generally  co- 
incident mth  local  tenderness.  Some  hours  usually  elapse  before  its  presence 
can  be  definitely  recognized.  Its  situation  gives  some  clue  as  to  the  location 
of  the  appendix. 

Examination  for  Muscular  Rigidity. — Examination  for  muscular  rigidity 
as  well  as  for  local  tenderness  must  be  most  carefully  conducted.     Delicacy 
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of  touch  is  of  cssontiiU  importance.  Aii\'  i-oughncss,  either  of  speech,  manner, 
or  touch,  is  often  apt  complet(>ly  to  mask  this  most  vahiable  .sio;n  of  diagnosis. 
Warm  hands  are  a  ncM-essity.  If  the  hands  arc  culd,  ])al|)ati()n  should  he  made 
through  a  thin  covering  ratlier  than  on  tlie  l)are  skin.  The  examination  should 
begin  with  a  very  g(>ntl(^  tc^sting  of  the  abdominal  nniscles  of  the  entire  abdo- 
men; those  of  the  uppcM'  area  being  examined  lirst,  while  thos(>  of  the  right  iliac 
fossa  arc  reserved  until  the  last.  The  j)al[)ation  should  be  made  by  gentle 
touches  with  the  soft  parts  of  the  fingers.  In  this  attempt  to  determine  the 
different  degrees  of  muscular  resistance  every  portion  of  the  surface  area  should 
be  subjected  to  examination.  At  th(>  same  time  the  patient  should  be  reassured 
and  he  should  be  asked  thoroughly  to  relax  the  abdominal  muscles.  Both  recti 
muscles  should  be  most  carefully  tested,  in  order  to  ascertain  if  there  be  more 
resistance  to  the  touch  on  one  side  than  on  the  other.  If  there  be  appendicitis, 
there  will  generally  be  found  an  appreciable  increase  in  the  resistance  imparted 
to  the  finger  as  it  gently  taps  the  right  muscle.  This  increase  of  resistance  will 
extend  outward  toward  the  anterior  iliac  spine,  and  in  certain  cases  even  well 
over  toward  the  right  loin.  In  many  cases  the  muscles  of  the  entire  right  iliac 
fossa  show"  a  rigidity,  while  in  others  the  resistance  is  limited  to  a  smaller  area; 
but  most  often  it  is  the  right  rectus  which  responds  most  distinctly  to  the  exam- 
ining finger.  The  spot  where  resistance  is  encountered  and  where  there  is  also 
tenderness  may,  however,  be  very  small— perhaps  limited  to  a  circular  spot 
2  cm.  (four-fifths  inch)  in  diameter. 

Fever. — Fever  is  a  very  variable  and  uncertain  symptom.  Generallj'  there 
is  a  decided  rise  of  temperature,  which  in  a  few  hours  reaches  101°,  102°,  103°, 
or  even  104°  F.  The  average  temperature  is  from  101°  to  103°  F.  This  is  gen- 
erally reached  within  twelve  hours  of  the  commencement  of  the  attack.  Not 
infrequently,  however,  the  rise  is  more  gradual — perhaps  100.5°  for  the  fii'st 
twelve  hours,  101°  for  the  next,  102°  for  the  next,  and  then  a  gradual  subsidence, 
if  the  attack  is  passing  off,  or  a  still  greater  rise  if  the  attack  continues.  In  some 
cases  there  is  but  little  fever,  indeed  much  less  than  might  be  expected  from 
the  severity  of  the  other  symptoms  and  from  the  nature  of  the  pathological 
changes  of  which  these  symptoms  are  the  expression.  A  low  temperature  is 
not  by  any  means  always  a  favorable  symptom;  indeed,  in  certain  cases  it  is 
most  unfavorable,  indicating,  perhaps,  a  perforating  appendicitis  with  but 
little  active  resistance  on  the  part  of  the  patient,  and  with  an  absence  of  adhe- 
sive peritoneal  inflammation,  without  which  no  wall  will  be  built  up  to  surround 
the  escaping  toxic  material.  A  sudden  drop  of  temperature,  after  the  inflam- 
mation is  well  established  (say,  on  the  second,  third,  or  fourth  daj^  of  the  disease), 
unless  accompanied  by  distinct  amelioration  of  other  symptoms,  is  generally 
most  unfavorable,  signifying  a  spread  of  the  peritonitis.  The  young  surgeon 
must  not  be  deceived  by  such  a  drop  and  thus  be  led  to  conclude  that  it  is  a 
happy  change;  on  the  contrary,  his  suspicions  should  be  at  once  aroused,  and 
he  should  minutely  examine  for  change  in  the  other  symptoms,  such  as  an  in- 
creased pulse- rate,  abdominal  distention,  disappearance  of  local  pain,  etc.  A 
rapid  rise  of  temperature  on  the  third  or  fourth  day  is  always  a  threatening 
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sign.  (_)n  these  days  there  should  bc^  subsidence,  and  a  c(jntrary  course  gener- 
ally means  danger.  If  fever  exists  for  a  day  or  two  before  either  pain  or  nausea 
appears,  we  should  suspect  some  disease  other  than  appendicitis. 

Pulse. — The  pulse  is  a  more  important  guide  than  the  tcnn^jerature,  but  its 
rate  is  more  important  than  its  quality.  Increase  of  pulse-rate,  from  the  be- 
ginning to  the  end  of  the  attack,  is  the  rule.  The  increase,  however,  is  not  very 
great,  and  often  it  scarcely  keeps  pace  with  the  temperature.  In  the  average 
attack  a  pulse  of  from  90  to  100  is  usual  during  the  first  day  of  the  disease. 
On  the  second  day,  if  the  inflammation  is  progressive,  a  still  further  rise  to 
some  i)oint  between  100  and  115  is  usual.  The  course  of  events  during  the 
next  twenty-four  hours  generally  determines  the  outcome  of  the  disease,  whether 
it  is  to  be  resolution  of  the  inflammation,  the  formation  of  an  abscess,  or  a  gen- 
eral peritonitis.  On  the  third  day  a  pulse  above  100  means  a  serious  condition, 
and  if  it  increases  much  beyond  this  height  the  condition  becomes  threatening. 
On  the  third  day  the  pulse  should  decrease  in  frequency.  If  it  increases  beyond 
its  second  day's  rate,  the  prospects  for  resolution  are  very  unfavorable. 

The  character  of  the  pulse,  in  the  beginning  of  an  ordinary  attack,  is  simply 
feverish  in  equality.  When  there  is  more  or  less  peritonitis,  it  is  apt  to  assume 
the  sharp,  wiry,  so-called  peritoneal  type.  A  rapid  small  pulse,  without  much 
elevation  of  temperature,  is  unfavorable.  It  is  apt  to  mean  considerable  septic 
absorption,  with,  on  the  part  of  the  patient,  feeble  resistance.  Under  these- 
circumstances  the  differential  blood-count  will  be.  of  much  corroborative  value. 
When'general  peritonitis  develops,  the  pulse  generally  ranges  between  120  and 
130  and  soon  rises  to  140.  A  pulse  of  130  means  that  the  prognosis  is  decidedly 
desperate. 

Facial  Expression. — The  anxious,  so-called  Hippocratic  expression  has  for 
centuries  been  considered  significant  of  peritoneal  inflammation.  This  ex- 
pression, however,  is  not  always  observed,  nor  is  its  appearance  always  signifi- 
cant of  peritonitis.  In  many  cases  it  is  unquestionably  a  most  valuable  sign, 
and  the  general  facial  appearance  which  causes  the  observer  to  remark,  "he  looks 
very  ill/'  is  often  an  indication  for  operation.  Other  symptoms  may  be  but 
slight,  but  the  sick  look  of  the  patient  must  always  be  taken  into  consideration 
in  one's  estimation  of  the  gravity  of  the  case. 

Blood-Count. — The  number  of  leucocytes,  and  the  differential  count  of  the 
various  cells  are  often  important  guides  for  an  estimation  of  the  gravity  of  the 
case.  From  the  very  beginning  of  the  attack  an  increase  in  the  number  of  white 
cells  is  the  rule.  There  are,  however,  exceptions.  In  mild  cases,  there  is  gen- 
erally, within  a  few  hours  from  the  commencement  of  the  attack,  a  leucocjrtosis 
of  from  10,000  to  12,000.  The  case  may  not  be  very  severe  even  if  the  leucoc}^- 
tosis  is  20,000.  It  means  that  there  is  an  active  inflammatory  process,  and  that 
the  patient  is  making  a  good  resistance  against  its  inroads.  Even  30,000  white 
cells  need  not  cause  alarm ;  in  fact,  if  other  symptoms  are  severe,  a  high  leucocy- 
tosis  is  a  much  more  favorable  sign  than  is  a  low  count.  This  hyperleucocytosls 
may  continue  throughout  the  entire  course  of  the  disease.  The  differential 
count  is  of  even  more  value  than  the  leucocj^te  count;    indeed,  it  is  generally 
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wiser  not  to  place  much  value  on  the  leuc()C3'te  count  unless  the  differential 
count  can  be  obtained  for  comparison.  When  a  polymiclear  count  gives  eighty 
pen-  cent  and  o\'er,  the  chances  are  strongly  in  favor  of  suppuration.  This  is 
especially  probable  if  the  normal  relationship  between  the  luimbers  of  different 
white  cells  and  the  i)ercentage  of  the  ])olynuclear  cells  is  nuich  disturbed.  The 
normal  leucocytosis  varies,  in  adults,  between  (),r)00  and  10,000.  An}^  excess 
of  this  latter  figure  may  be  regarded  as  a  hy])(>rleucoc3^tosis.  The  normal  pro- 
portion of  polynuclear  cells  varies,  in  adults,  from  sixty-five  per  cent  to  seventy- 
five  per  cent.  In  inflammatory  conditions  there  should  be  a  proportionate 
increase  in  both  leucocytes  and  polynuclear  cells.  In  inflammatory  lesions 
\Aith  a  favorable  prognosis  this  relationship  should  be  more  or  less  definite — 
i.e.,  according  to  rule.  A  digression  from  this  rule  in  the  way  of  excess  of  poly- 
nuclear cells  beyond  the  standard  increase  in  white  cells  (for  example,  eighty- 
two  per  cent  polynuclear  against  12,000  white  cells)  indicates  a  very  septic  proc- 
ess, with  absorption  and  a  rather  feeble  resistance  on  the  part  of  the  patient. 
In  normal  adults,  the  proportion  of  polynuclear  to  white  cells  varies  somewhat, 
and  this  variation  may  be  even  proportionately  greater  when  patients  with 
different  powers  of  resistance  are  attacked  by  inflammatory  septic  processes. 
Any  standard  must  be  approximately  rather  than  absolutely  correct.  Dr. 
C.  L.  Gibson  has  devised  an  illustrative  standard  which  is  based  on  one  thousand 
blood-examinations,  made  on  cases  with  abdominal  lesions.  This  standard 
is  as  yet  tentative,  but  has  already  been  of  great  seryice  to  surgeons. 

According  to  this  chart  (Fig.  260),  a  "rising  Hne"  would  indicate  serious, 
and  a  "falling  line"  favorable,  conditions.  In  children,  however,  reliance  cannot 
be  safely  placed  in  blood-counts.  The  polynuclear  percentage  is  apt  to  be  low, 
and  the  leucocyte  count  very  unreliable.  In  tuberculosis,  also,  it  is  apt  to  be 
variable.  If,  with  a  high  polynuclear  count  (eighty  per  cent  and  over),  there  be 
combined  a  high  leucocytosis  (20,000  to  30,000),  it  is  safe  to  infer,  in  a  general 
wa}',  that  a  strong  resistance  is  being  made  against  a  severe  septic  infection. 
If,  however,  with  a  high  polynuclear  count,  there  be  a  low  leucocyte  count, 
the  patient  is  in  grave  peril.  As  already  stated,  there  are  a  few  exceptions  to 
these  rules,  and  reliance  should  never  be  placed  upon  blood-counts  alone.  The}'' 
must  be  regarded  simply  as  corroborative  of  testimony  furnished  by  other 
symptoms.  At  times,  however,  when  these  latter  are  uncertain,  the  blood 
evidences  may  be  of  the  greatest  value.  The  plan  of  treatment  may,  in  excep- 
tional cases,  hinge  entirely  on  the  relationship  between  leucocytosis  and  poly- 
nuclear cells.  If  operation  has  been  rejected  or  is  inadvisable,  the  leucoc3rt,e 
and  differential  counts  should  be  made  frequently — at  least  twice  a  daj' — 
during  the  critical  period  of  the  disease.  Blood-examinations  are  almost  as 
important  as  temperature  records.  The  following  are  examples  of  rather  typi- 
cal blood-counts: — 

1.  Woman,  married,  23,  housewife.  Attack  of  appendicitis  a  few  months  ago. 
Present  attack  began  on  the  day  before  admission  to  hospital.  Acute  onset.  Pa- 
tient prostrated,  apathetic,  very  ill.  Abdomen  rigid  over  all.  Shifting  dulness 
in  flanks.     Temp.  102.8°  F.;  pulse  120;  resp.  30.     Leuc,  12,300;  polyn.  SS  per  cent. 
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Low  leucocyte  count  with  high  pol\-nuf'lcar  percentage  indicates  a  grave  condition. 
Patient  had  a  perforated  appendix  with  acute  diffuse  septic  peritonitis.  Operation 
within  forty-eight  hours  of  onset  of  attack.  Convalescence  uninterrupted.  Good 
recovery. 

2.  School  boy  of  14.  Onset  acute,  with  chills,  fever,  and  vomiting.  Prostrated, 
acutely  ill.  Abdomen  rigid  over  all.  Temp.  102°  F.;  pulse  104;  resp.  24.  Leuc. 
31,200;  polyn.  90  per  cent.  High  leucocyte  count  and  high  polynuclear  count 
indicate  good  resistance.     Patient  had  a  perforated  appendix,  with  diffuse  septic 
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Fig.  260. — Gibson's  Chart. 

The  chart  is  divided  into  units  of  one  centimetre.  A  horizontal  base-line  is  drawn  as  the  starting- 
point  of  the  pathological  leucocj'^tosis  of  ten  thousand  on  the  left-hand  side,  while  the  other  or  right- 
hand  end  of  the  base-line  corresponds  with  the  index  of  75  per  cent  polynuclear  cells,  the  limit  more  or 
less  arbitrarily  chosen.  Variations  in  these  proportions  are  indicated  by  making  a  dot  at  the  proper 
level  of  the  left-hand  or  leucocytosis  side  of  the  chart,  while  a  similar  dot  at  the  proper  level  of  its 
percentage  is  made  on  the  pohTiuclear  side  of  the  chart.  These  two  dots  are  connected  by  a  straight 
line.  The  vertical  distance  between  the  two  dots  will  represent  the  disproportion  between  the  two 
counts. 

For  example,  suppose  on  the  left  a  dot  indicating  a  leucocyte  count  of  11,000  and  on  the  right  a 
dot  indicating  76  per  cent  polj^nuclear  cells.  The  result  would  be  indicated  by  a  line  which  would  be 
absolutely  horizontal,  and  would  be  indicative  of  a  just  proportion  between  the  two  elements  of  tlie 
count. 

If,  however,  with  the  same  leucocytosis  of  11,000,  there  were  a  polynuclear  increase  to  86  per  cent, 
the  line  connecting  these  two  points  would  have  a  steep  rise  from  left  to  right,  and  a  measurement 
of  the  vertical  distance  between  these  two  points  would  give  ten  centimetres  or  ten  units. 

peritonitis.     Operation  within  forty-eight  hours  of  onset.     Convalescence  uneventful. 
Patient  discharged  cured. 

3.  Male,  26,  peddler.  Onset  acute,  with  abdominal  pain  localized  in  right  lower 
quadrant,  and  vomiting.  Temp.  103.2°  F.;  pulse  lid;  resp.  28.  Patient  prostrated 
and  acutely  ill.  Abdomen  rigid  below  umbilicus,  and  there  was  extreme  tenderness. 
Leuc.  28,500;  polyn.  94  per  cent.  Operation  showed  the  existence  of  an  acute 
gangrenous  appendix.  Patient  made  an  uneventful  recoveiy  and  was  discharged 
cured. 

4.  Male,  carpenter,  22.     Attack  four  days  previously.     Onset  gradual,  condition 
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growing  progressively  wors(\  Patient  was  prostrated;  did  not  look  very  ill.  Ab- 
domen rigid  and  tender  ovei-  McBurney's  point.  Temp.  99°  F.;  pulse  88;  resp.  20. 
Leuc.  28,500;  polyn.  94  pvv  cent.  Operation  showed  an  acute  suppurative  appendix, 
with  no  free  fluid.     Patient  made  a  normal  rccoveiy  and  was  discharged  cured. 

5.  Female,  school  teacher,  29.  Had  previous  attacks  of  colicky  pain  in  abdo- 
men. Present  attack  was  of  five  days'  duration.  Condition  was  slowly  but  steadily 
improving.  Abdomen  soft;  slight  tenderness  and  rigidity  over  McBurney's  point. 
Temp.  100.5°  F.;  pulse  88;  resp.  24.  Leuc.  11,000;  polyn.  85  per  cent.  Operation 
showed  an  acute  catarrhal  appendicitis  which  was  relapsing. 

Apparent  exceptions  to  the  above  conclusions  are  shown  by  the  two  following 
eases : — 

First  case. — Maid,  22.  Sudden  onset  on  the  day  before  she  was  admitted  to  the 
hospital.  Vomited  three  times  and  had  severe  pain  over  McBurney's  point.  Walked 
into  hospital  complaining  of  pain  in  right  side.  Examination  showed  tenderness 
and  some  rigidity  over  McBurney's  point.  Temp.,  pulse,  and  resp.  were  normal. 
Leuc.  9,200;  polyn.  72  per  cent.  Operation  (thirty-six  hours  after  onset  of  the 
attack)  revealed  a  perforated  appendix,  with  a  considerable  amount  of  free  purulent 
fluid  about  the  appendix  and  in  the  pelvis.  Uneventful  convalescence.  Good 
recovery. 

Second  case. — Male,  banker,  43,  single.  Attack  of  two  days'  duration.  Sud- 
den onset,  with  vomiting  and  abdominal  pain.  Patient  prostrated  and  acutely  ill. 
Abdomen  distended  and  tympanitic  over  all.  Leuc.  8,000;  pohni.  67  per  cent. 
Operation  revealed  an  acute  suppurative  appendicitis  with  diffuse  sept'c  peritonitis. 
Patient  died  on  the  day  following  the  operation.  Low  leucoc}i:e  count;  low  poly- 
nuclear  percentage;    low  power  of  resistance. 

Posture. — During  the  first  few  hours  of  the  attack,  there  is  often  restlessness, 
the  patient  tossing  about  in  bed.  This  is  before  the  appearance  of  peritoneal 
inflammation.  After  a  few  hours,  or  indeed  perhaps  from  the  very  beginning  of 
the  attack,  the  usual  position  adopted  is  the  dorsal  one,  the  patient  Ijang  per- 
fectly flat  and  quiet  on  his  back.  The  knees  and  thighs  are  generall}'  flexed. 
He  is  nearly  always  more  comfortable  with  the  knees,  especially  the  right  one, 
drawn  up.  The  greater  the  peritoneal  involvement,  the  greater  the  tendency 
to  assume  this  position,  and  the  greater  the  pain  caused  by  any  bodily  move- 
ment. However,  there  are  exceptions  to  this  rule,  and  certain  patients  are 
more  comfortable  sitting  on  a  chair  or  walking  about.  In  such  cases  the  appen- 
dix is  apt  to  be  more  deeply  situated  toward  the  right  loin.  Even  in  cases  of 
general  peritonitis,  the  patient  may  be  found  sitting  in  a  chair  or  even  walking 
painfully  about  the  room. 

Tumor. — In  appendicitis  the  term  ''tumor''  means  an  inflammatory  mass 
collected  around  an  inflamed  appendix.  Several  hours  must  elapse  before  such 
an  inflammatory  mass  can  form.  Before  this,  there  may  exist  the  sensation  of 
a  mass.  If  this  sensation  be  imparted  to  the  examining  finger,  it  is  due  to  the 
tonic  spasm  of  the  abdominal  muscle  which  lies  directly  over  the  spot  of  in- 
flammation. The  muscle  overlying  an  inflamed  peritoneimi  acts  "on  guard." 
The  portion  of  the  muscle  which  responds,  by  tonic  contraction,  to  the  inflam- 
mation beneath  it,  may  be  of  comparatively  small  extent,  and  thus  gives  the 
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impression  of  a  distinct  mass.  It  is  generally  difficult — indeed,  often  im- 
possible— to  distinguish  such  a  muscle  spasm  from  a  mass  of  inflammator}' 
exudate.  If  a  tumor  can  be  felt  during  the  first  twelve  hours  of  the  attack, 
it  is  safe  to  assume  that  it  is  merely  a  portion  of  muscle  in  a  state  of  contraction. 
Indeed,  it  is  rare  for  a  palpable  inflammatory  exudate  to  appear  within  the  first 
twenty-four  hours.  An  inflamed  appendix  can,  however,  be  recognized  by  palpa- 
tion early  in  the  course  of  the  disease.  To  be  felt  by  the  examiner's  finger, 
it  must  have  a  superficial  situation,  for,  in  an  acute  attack,  deep  pressure  causes 
too  nmch  pain.  Merely  its  tip  may  be  felt,  though  occasionally  its  whole  length 
cari  be  mapped  out.  Under  these  circumstances  it  is,  of  course,  thickened, 
stiffened,  and  swollen.  If  the  acute  stage  persists  after  the  expiration  of  twenty- 
four  hours,  an  inflammatory  mass  will  generally  becomie  palpable.  It  may, 
however,  not  be  distinctly  felt  until  the  second  or  the  third  day.  Its  shape, 
size,  and  situation  vary.  Generally  the  mass  is  somewhat  oval  in  shape,  more 
or  less  cfirectly  imder  McBurney's  point.  If  it  be  composed  mainly  of  a  thick- 
ened appendix  and  meso-appendix,  it  may  seem  about  the  size  and  shape  of  a 
man's  index  finger  or  thumb.  If  omentum  be  wrapped  about  it,  the  size  may 
appear  to  be  that  of  a  hen's  egg  or  a  fat  banana.  Instead  of  being  felt  beneath 
McBurney's  point,  it  may  be  situated  just  above  Poupart's  ligament,  more  to- 
ward the  median  line,  under  the  lower  part  of  the  right  rectus  muscle;  or  it 
may  be  located  farther  out,  above  the  anterior  superior  spine  of  the  ilium,  or 
still  farther  backward  in  the  loin.  Occasionally,  also,  the  situation  is  so  deep 
that  the  tumor  can  be  felt  only  on  rectal  or  vaginal  examination.  .It  is  at  first 
tender,  but  it  may  afterw^ard  lose  much  of  its  tenderness.  It  pursues  one  of 
two  courses: — (a)  It  persists  for  some  days,  gradually  becoming  harder 
and  less  sensitive,  and  then  slowly  undergoes  resolution.  A  mass  of  consider- 
able size  may  thus,  in  the  course  of  a  few  weeks,  entirely  disappear.  The 
patient,  however,  in  the  meantime  is  running  a  great  risk,  for  no  one  can  know 
how  much  pus  is  shut  up  in  the  interior  of  the  mass,  nor  at  what  moment  it  ma}^ 
buret  through  its  confining  walls,  (h)  Suppuration  goes  on.  The  abscess 
may  develop  with  great  rapidity  for  twelve  or  twenty-four  hoiu's,  or  a  week  or 
tw^o  may  elapse  before  there  is  distinct  evidence  of  pus.  The  average  length 
of  time  required  for  the  formation  of  pus — or  at  least  for  the  fomiation  of  a 
quantity  sufficient  to  be  easily  discoverable — is  probably  four  or  five  days. 
An  abscess  of  some  size  may  develop  within  twelve  or  fifteen  hours  from  the 
commencement  of  the  attack,  but  generally  two  or  three  days  elapse  before 
the  formation  of  a  distinct  collection  of  pus  can  be  determined. 

The  fate  of  the  patient,  meantime,  hangs  in  the  balance.  In  a  favorable  case 
the  omentum  and  intestines  adhering  together  fomi  a  wall  around  the  suppu- 
rating focus.  This  wall,  however,  is  sometimes  incomplete,  and  allows  septic 
material  to  slip  through  some  gap  and  thus  infect  a  large  area;  the  result  of 
which  is  the  fomiation  of  other  abscesses,  or,  what  is  more  probable,  the  de- 
velopment of  a  spreading  peritonitis. 

Abdominal  Distention. — In  acute  appendicitis  more  or  less  tympanitic  dis- 
tention is  present.     This  is  due  to  peritoneal  congestion  or  inflammation.     It 
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furnisht'S  one  of  our  best  guides  for  estimating  the  seventy  of  the  disease.  The 
prognosis  of  a  case  in  which  distention  is  marked,  is  generally  unfavorable.  At 
first,  the  abdomen  is  but  slightly  fuller  than  usual  but  quite  soft.  If  the  tMn- 
panites  increases  after  the  fii*st  twelve  or  twenty-four  houi-s.  the  case  is  a  serious 
one.  Should  the  abdomen  become  largely  distended  and  hard,  it  indicates  that 
a  considerable  area  of  peritoneum  is  inflamed.  It  is  one  of  our  most  important 
indications  for  operation.  One  of  the  most  favorable  symptoms  is  the  passage 
of  flatus  from  the  rectum,  whether  spontaneously  or  per  rectal  tube.  The 
gurgUng  of  gas  is  a  favorable  sign;  the  complete  absence  of  peristalsis  an  unfa- 
vorable one. 

Jaundice. — Jaundice  is  an  unfavorable  symptom.  It  means  either  that 
the  peritoneal  inflammation  has  extended  up  to  the  gall-bladder  or  the  gall- 
ducts,  or  that  a  pylephlebitis  has  started  up.  invohing  the  portal  circulation. 
If  due  to  the  fii-st-mentioned  cause,  the  jaundice  may  not  necessarily  be  a  veiy 
unfavorable  spnptom,  especially  if  the  case  be  one  where  the  appendix  lies  high 
up  under  the  Hver:  but.  it  it  be  due  to  a  pylephlebitis,  the  prognosis  is  wellnigh 
hopeless. 

Differential  Diagnosis. — The  diagnosis  of  acute  appendicitis  is  generally 
attended  with  ditfieultit'S,  but  occasionally,  because  of  some  unusual  position 
of  the  appendix  or  for  other  reasons,  it  becomes  very  uncertain.  To  differen- 
tiate appencUcitis  from  any  one.  or  indeed  more  than  one,  of  the  following  dis- 
eases, is  occasionally  a  difficult  task:  cholecystitis,  salpingitis,  extra-uterine 
pregnancy,  renal  colic,  acute  indigestion,  gastro-enteritis,  typhoid  fever,  pan- 
creatitis, and  diaphragmatic  pleurisy. 

1.  Diferentiation  from  Cholecystitis. — In  a  question  of  differentiation  be- 
tween these  two  conditions,  the  histor}'  is.  of  course,  of  great  value.  Many  of 
the  subjective  s^Tiiptoms  of  the  two  diseases  are  veiy  similar — as,  for  example. 
the  right-sided  pain,  vomiting,  abdominal  distention,  fever,  etc.  The  patient's 
description  of  fomier  attacks  of  a  similar  nature  may.  on  this  account,  not  be 
of  much  value,  unless  there  is  a  liistory  of  decided  jaundice,  pain  in  the  shoul- 
der, or  local  tenderness,  or  rigidity  distinctly  localized.  The  difference  in  the 
location  of  the  pain,  tenderness,  and  muscular  rigidity,  is  usually,  however, 
sufficiently  definite  to  settle  the  question.  In  cholecystitis  these  signs  are  most 
prominent  just  below  the  free  border  of  the  ribs,  at  a  point  near  the  upper  third 
of  the  right  rectus  abdominis  muscle.  On  account  of  a  local  plastic  peritonitis, 
however,  the  omentmn,  colon,  and  neighboring  stiiictures,  below  and  around 
the  gall-bladder,  may  become  acutely  sensitive,  so  that  the  local  signs  may 
extend  well  down  toward  the  umbilical  line,  veiy  much  in  the  same  area  where 
we  would  expect  to  find  them  were  an  upturned  appendix  inflamed  or  per- 
forated near  its  tip.  Jaimdice  would  of  course  strongly  favor  the  diagnosis  of 
cholecystitis,  but  it  must  not  be  forgotten  that  occasionally,  in  se^■ere  appen- 
dicitis, there  is  slight  jaundice.  The  diagnosis  must  largely  rest  on  the  sur- 
geon's skill  in  palpation.  If  an  area  comparatively  free  from  tenderness  or  a 
rigidity  can  be  demonstrated  below  the  free  border  of  the  ribs  and  above  the 
maximmii  area  of  tenderness,  the  inflammation  probably  does  not  involve  the 
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gall-bladder.  Accurate  observation  of  the  distress  caused  b}^  deep  inspiration 
while  the  palpating  fingers  rest  on  the  skin  over  the  r(>gion  of  the  gall-bladder, 
will  also  afford  valuable  information.  A  deep  insj)iration  under  these  circum- 
stances is  much  more  painful  in  cholecystitis  than  it  would  be  in  appendicitis. 
In  the  latter  disease,  the  tenderness  is  also  apt  to  extend  more  outward  toward 
the  lateral  wall  of  the  loin. 

2.  Differentiation  froin  Salpingitis  or  from  a  Pelvic  Peritonitis  around  a 
Right-sided  Pelvic  Tumor. — Here,  again,  the  history  of  the  patient  is  of  the 
greatest  value.  An  antecedent  gonorrha^a,  miscarriage,  or  pelvic  inflamma- 
tion will  naturally  turn  the  scale  in  favor  of  an  inflammator}^  condition  of  the 
pelvic  organs.  In  salpingitis  the  pain,  sensitiveness,  and  rigidity  are,  of  course, 
situated  considerably  below  the  anterior  superior  iliac  spine,  while  an  inflamed 
appendix  may  be  well  down  in  the  pelvis,  and  not  uncommonly  is  found  adherent 
to  a  tube,  ovary,  or  the  uterus.  It  may  even  be  adherent  to  the  posterior  wall 
of  the  latter  organ,  or  to  the  sides  of  Douglas'  cul-de-sac,  or  to  the  base  of  the 
bladder.  A  vaginal  examination  will  usually  clear  up  the  difficulty.  In  an 
acute  salpingitis,  there  is  generally  more  or  less  pelvic  peritonitis,  and,  as  soon 
as  the  finger  of  the  examiner  enters  the  vagina,  it  encounters  an  abnormal  de- 
gree of  heat,  and  the  patient  complains  of  tenderness,  which  becomes  very  acute 
when  the  cervix  or  fornix  is  palpated.  In  appendicitis,  on  the  other  hand, 
acute  sensitiveness  is  not  generally  complained  of  until  the  finger  is  pushed 
well  up  toward  the  right  brim  of  the  pelvis.  In  appendicitis,  furthermore, 
abdominal  palpation  usually  elicits  more  pain  than  does  the  vaginal.  A  bloody 
vaginal  discharge  favors  the  diagnosis  of  salpingitis.  Irritability  of  the  blad- 
der is  an  unreliable  symptom,  as  far  as  differentiation  goes.  It  may  exist  when 
the  inflamed  appendical  tip  is  attached  to  the  bladder,  and  is  of  course  quite 
common  when  the  pelvic  peritoneum  is  inflamed. 

3.  Differentiation  from  Extra-ateriyie  Pregnancy. — The  history  is  here  of  vital 
importance.  The  cessation  of  menstruation,  the  presence  of  signs  of  preg- 
nancy, the  bloody  vaginal  discharge,  and  the  sudden  severe  pain,  perhaps  with 
pallor  and  collapse,  are  classical  symptoms  which  denote  extra-uterine  foeta- 
tion  and  rupture.  If  there  be  felt,  also,  a  boggy  mass  in  Douglas'  cul-de-sac  or 
to  the  right  of  the  uterus,  the  diagnosis  is  confirmed.  Several  of  these  symp- 
toms, however,  may  be  w^anting,  and  the  diagnosis  must  then  depend  on  the 
comparative  absence  of  local  tenderness,  and  on  the  presence  of  an  abnoraial 
mass  in  the  pelvis. 

4.  Differentiation  from  Renal  Calculus. — The  history  of  the  patient  is  of 
value  under  these  circumstances.  Previous  attacks  of  severe  colicky  pain, 
radiating  from  the  loin  down  the  course  of  the  ureter,  toward  the  bladder,  with 
perhaps  frequency  of  urination,  pain  in  the  head  of  the  penis,  and  retraction 
of  the  right  testicle,  would  seem  to  indicate  clearly  the  passage  of  a  stone  or 
other  foreign  body  down  the  ureter;  yet  it  must  not  be  forgotten  that  both 
conditions  may  exist  simultaneously.  The  careful  examination  of  the  ia*ine 
should  never  be  neglected.  Should  there  be  blood  and  uric-acid  crystals,  the 
presumption  is  strongly  in  favor  of  calculus  or  gravel.     If  pus  also  be  found. 
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it  is  still  iiioie  t'onfirniatory  of  irntation  of  the  pelvis  of  the  kidney  by  some 
foreign  body.  The  location  of  the  tenderness  elicited  by  palpation  also  differs. 
In  inflammatory  conditions  of  the  kidney  there  is  apt  to  be  a  decided  spot  of 
t(>nd(M'ness  in  the  loin  (Guyon's  point),  at  a  spot  neaivr  the  si)inal  column  than 
would  pn)i)ai)ly  he  found  in  the  case  of  an  inflamed  appendix  which  was  bent 
decidedly  upward  and  backward— the  examination  of  the  blood  would  also  here 
prove  of  value.  The  numhcn-  of  leucocytes  is  generally  greater  in  appendicitis. 
The  pulse-rate  is  too  varying  to  be  of  much  value,  and  the  same  remark  applies 
to  the  temperature.  The  latter,  however,  is  more  apt  to  be  elevated  in  ajjpen- 
dicitis,  while  the  pulse-rate  is  generally  slower  than  in  a  severe  attack  of  renal 
colic.  While  abdominal  distention  is  also  found  in  attacks  of  renal  colic,  this 
s^Tnptom  is  apt  to  be  more  marked  in  cases  of  apjjendicitis. 

5.  Differentiation  from  Pcuicreatitis.—Thc  difficulty  of  differentiating  appen- 
dicitis from  this  rare  affection  is  apt  to  be  greatest  in  the  subacute  or  chronic 
attacks  of  either  of  these  two  diseases.  It  is  true,  however,  that  a  sudden  i^er- 
foration  of  an  appendix  into  the  general  peritoneal  cavity,  with  accomj^anying 
peritoneal  shock,  may  give  symptoms  similar  to  those  expected  in  an  acute 
attack  of  pancreatitis.  The  signs  of  collapse — the  rapid  pulse;  the  pale,  anxious 
countenance:  the  cold,  clammv  skin;— the  abdominal  distention;  the  siy-hins: 
respiration, — all  these  may  lie  present  in  both  diseases.  Under  such  con- 
ditions the  diagnosis  is  wellnigh  impossible.  Pancreatitis  is  a  rare  disease, 
it  is  not  apt  to  occur  in  children  or  young  adults,  and  it  is  more  prevalent  among 
fat  females.  These  facts  should  enter  into  our  calculation.  In  pancreatitis 
the  pain  and  local  tenderness  are  situated  at  a  higher  point  than  would  be  ex- 
pected in  appendicitis.  By  bimanual  examination  (one  hand  pressing  up  the 
loin  against  the  other  hand  in  front)  the  mass  of  clotted  blood  can  sometimes 
be  recognized.  This  semisolid  substance,  however,  might  be  conf\ised  with  the 
exudate  around  an  upturned  appendix. 

6.  Differentiation  from  Typhoid  Fever. — It  is  sometimes  difficult  to  distin- 
guish a  mild  attack  of  appendicitis  from  enteric  fever.  In  the  latter,  tenderness 
in  the  right  iliac  fossa  is  not  uncommon.  It  is,  however,  not  acute,  and  is  more 
apt  to  be  diffuse  and  less  localized.  The  history  of  headache  and  hebetude, 
with  coated  tongue,  decidedly  favors  the  diagnosis  of  typhoid  fever.  If  fever 
has  existed  for  some  time  pre\ious  to  the  pain,  the  case  is  probably  not  one 
of  appendicitis.  Nausea  and  vomiting  are  not  apt  to  occur  with  typhoid  fever. 
Abdominal  distention  may  be  present  in  either  disease.  Pulse  and  tempera- 
ture can  be  cUsregardecl.  The  leucocyte  count  is  apt  to  be  greater  in  appen- 
dicitis than  in  typhoid  fever.  Of  course,  if  the  Widal  reaction  is  found,  the  diag- 
nosis is  practically  settled;  l3ut  this  reaction  is  usually  not  present  until  the 
fever  is  well  advanced.  It  must  also  be  borne  in  mind  that  appendicitis  some- 
times complicates  typhoid  fever. 

7.  Differentiation  from  Diaphragmatic  Pleurisy. — It  is  sometimes  exceedingly 
difficult  to  distinguish  between  an  acute  appendicitis  and  an  acute  chaphrag- 
matic  pleurisy,  or  even  a  'oasal  pneumonia.  The  sudden  painful  onset  with 
vomiting,  the  inability  to  take  a  deep  insjjiration,  and  even  a  certain  amount 


660  AMERICAN  PRACTICE   OF  SURGERY. 

of  tenderness  and  muscular  rigidity  in  the  right  h}'pochondriac  region,  are 
symptoms  common  to  both  diseases.  It  is  especially  in  children  that  the 
diagnosis  is  most  difficult.  In  a  diaphragmatic  pleurisy  many  hours  may  elapse 
before  any  abnomial  physical  sounds  can  be  heard.  To  arrive,  in  certain  cases, 
at  a  correct  diagnosis,  hours  of  observation  may  be  necessary.  These  doubtful 
cases  are  among  the  most  puzzling  which  the  surgeon  encounters.  He  knows 
that  delay,  should  the  case  be  one  of  appendicitis,  may  be  most  dangerous, 
and  yet  he  dreads  lest,  if  he  do  a  laparotomy,  he  may  find  his  diagnosis  incorrect. 
This  error  has  been  committed  many  times  by  experienced  surgeons.  Much 
will  depend  on  the  surgeon's  keenness  of  observation.  He  may  notice  a  certain 
fixation  of  the  lower  ribs,  or  a  stoppage,  at  this  point,  of  the  resj^iratory  move- 
ments. If  the  patient  be  a  child,  he  will  probably  be  very  restless  and  will 
toss  about  the  bed  more  than  he  would  were  his  appendix  inflamed;  but,  even 
in  appendicitis,  the  child  is  more  apt  to  be  restless  than  is  the  adult.  If  the 
child  be  inclined  to  assume  the  usual  adult  dorsal  position,  with  the  thigh  or 
thighs  drawn  up,  the  chances  are  in  favor  of  appendicitis.  The  passive  flexion 
and  extension  of  the  thigh  on  the  abdomen  are  apt  to  be  more  resisted  and 
dreaded  in  appendicitis  than  they  would  be  in  pleurisy. 

8.  Differentiation  from  Acute  Indigestion. — For  a  few  hours  the  symptoms 
in  acute  indigestion  may  be  not  unlike  those  which  occur  at  the  onset  of  appen- 
dicitis. Pain  and  vomiting  may  be  equally  marked  in  each  disease,  ^^'ith 
acute  indigestion,  however,  there  should  be  no  local  tenderness,  no  muscular 
rigiditj^,  nor  any  changes  in  the  blood.  There  is  generally  also  no  fever  with 
this  disorder.  In  acute  indigestion  the  symptoms  should  begin  to  abate  in 
the  course  of  a  few  hours,  while  in  appendicitis  they  should  increase  progres- 
sively. 

9.  Differentiation  from  G astro-Enteritis. — The  onsets  of  gastro-enteritis  and  of 
acute  appendicitis  may  be  very  similar.  The  pain  in  gastro-enteritis,  however, 
should  not  be  as  severe,  neither  should  it  persist  for  so  long  a  time  as  would  be 
expected  in  appendicitis.  Fever  may  be  present  in  both  affections.  There  is 
an  absence  of  local  tenderness  and  muscular  rigidity  in  gastro-enteritis,  although, 
if  the  catarrhal  inflammation  be  largely  confined  to  the  large  intestine,  there 
may  be  local  tenderness  over  the  c£ecum  and  also  over  the  course  of  the  colon.  In 
appendicitis  diarrhoea  is  unusual,  and  mucus  should  not  be  found  in  the  stools. 

10.  Differentiation  from  Intestinal  Obstruction. — Intestinal  obstruction  may 
be  due  to  bands,  knots,  twists,  extensive  plastic  adhesions,  hernia,  intussus- 
ce})tion,  abnormal  conditions  of  Meckel's  diverticulimi,  etc.  In  obstruction, 
the  local  tenderness  is  generally  less  localized  than  it  is  in  appendicitis.  The 
pain,  furthermore,  is  of  a  more  colicky,  spasmodic  type;  the  wave  of  peristalsis 
can  often  be  both  felt  and  seen  to  cease  at  some  definite  point;  certain  dis- 
tended coils  can  be  mapped  out,  both  by  palpation  and  by  sight;  the  vomiting 
is  more  persistent  and  more  violent ;  the  pulse  is  apt  to  be  faster  and  the  tem- 
perature lower;  indican  is  generally  found  in  abundance  in  the  urine;  the  blood 
changes  are  less  marked;  and,  finally,  the  vomiting  soon  becomes  foul-smelling, 
and  later  faecal. 
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11.  Differentiation  from  a  Gastric  or  bdestinal  Ulceration. — A  gastric  or  an 
intestinal  ulceration,  with  approaching  or  complete  perforation,  nia\-  produce 
SAiiiptonis  resembling  those  of  appendicitis.  The  location  of  the  pain  and 
tenderness  are  the  two  most  important  cUfferentiating  sjiiiptoms.  The  histoiy 
of  the  patient  should  be  carefully  re\'iewed.  Vomiting  ma}'  or  may  not  be  a 
prominent  symptom  in  gastric  perforations,  Ijut  in  intestinal  perforations  it  is 
unexpected,  imless  a  general  peritonitis  has  developed.  In  perforations  such 
as  we  are  now  considering  there  is  apt  to  be  less  elevation  of  temperature. 

12.  Differentiation  from  Tuberculous  Pentonitis. — Tuberculous  peritonitis,  if 
localized  in  the  right  iliac  fossa,  is  most  apt,  in  the  male,  to  originate  from  a 
tuberculous  appendicitis:  \\hile.  in  the  female,  it  originates  more  often  in  a 
tuberculous  salpingitis.  The  area  of  local  tenderness  is  apt  to  be  more  ex- 
tensive and  the  sensitiveness  is  less  acute.  \'omiting  is  seldom  a  s\Tnptom. 
The  history  of  the  patient  is  of  great  importance.  If  the  case  be  of  a  subacute 
character,  the  reaction  to  tuberculin  may  be  tried. 

13.  Differentiation  from  Lead  Colic. — The  histoiy,  the  blue  line  in  the  gmiis, 
the  absence  of  local  pain,  tenderness,  and  fever,  the  diffusiveness  of  the  colic, 
are  s}iiiptoms  which  are  generally  so  marked  as  to  render  the  diagnosis  of  lead 
colic  comparatively  simple. 


V.    SV^IPTOMS.    COURSE    OF    THE    DISEASE.    AXD    DIAGNOSIS   OF 
CHRONIC   APPENDICITIS. 

The  spiiptom?  of  chronic  appendicitis  are  very  similar  to  those  of  the  acute 
form  of  the  disease,  but  they  are,  of  course,  much  milder  in  degree.  Fever, 
however,  is  generally  absent,  and  aU  the  sjTiiptoms  are  very  ^•ariable  and  much 
less  persistent.  There  may  be  intervals  of  comparative  freedom  from  even 
discomfort,  and  then  again  at  times  the  cUscomfort  may  be  \'eiy  pronounced 
and  considerable  pain  may  be  experienced.  TMien  this  characteristic  of  sub- 
sidence and  recurrence  is  prominent,  the  temis  '"relapsing"  or  "recuiTent"' 
are  employed.  There  are  many  inteimediate  grades  between  acute  and  chronic 
appendicitis,  and  the  relapses  are  apt  to  assume  a  subacute  character;  the  ap- 
pendix, in  the  interval,  remaining  in  a  state  of  chronic  inflammation. 

The  symptoms  may  be  described  as  local  and  general. 

Local  Symptoms. — Localized  Pain.— 'Loca]izecl  pain,  or  a  feeling  more  often 
described  as  cUscomfort,  is  an  ahnost  invariable  s^inptom  of  chronic  appendi- 
citis. It  is  more  or  less  confined  to  the  right  ihac  fossa,  and  is  seldom  described 
as  severe.  It  is  rather  an  indefinite  ache  or  soreness,  and  is  apt  to  be  increased 
when  the  bowels  are  distended  with  gas.  The  patient  is  aware  that  he  possesses 
a  right  side.  He  may  feel  that  the  gas  sticks  in  his  right  iliac  region  and  pro- 
duces colicky  pain  in  that  part  of  the  abdomen:  or  he  may  describe  the  cohc 
as  having  become  more  or  less  general.  Oftentimes  he  will  press  Ms  hand 
against  the  right  lower  abdomen  to  chminish  the  cUscomfort.  He  fears  the 
jolting  caused  b}'  rides  over  rough  roads  or  b}'  sudden  jars.     He  may  explain 
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his  symptoms  b}'  saying  that  ho  has  a  "hiuisod  muscle,"  or  he  may  call  it  "a 
stitch  in  his  side."  For  intervals  of  weeks  there  may  be  freedom  from  even 
discomfort,  and  then  again  for  weeks  the  miserable  ache  will  persist.  It  is 
generally  increased  by  indiscretions  in  diet  or  by  exposure  to  (;old.  The  patient, 
of  his  own  accord,  learns  to  diet  himself.  He  soon  becomes  aware  that  certain 
articles  of  food  ^\■ill  iufroase  his  discomfort. 

Localized  Tenderness.— At  one  time  or  another  localized  tenderness  can 
generally  be  discovered.  A  number  of  examinations  may,  however,  be  necessary 
for  its  elicitation,  and  it  may  be  entirely  overlooked  b\^  the  careless  or  hasty 
examiner.  Sometimes  pressure  must  be  very  deeply  made  before  the  patient 
complains.  The  tenderness  can  sometimes  be  discovered  only  when,  duiing 
the  continuance  of  the  deep  pressure,  the  thigh  is  energetically  flexed  and 
extended  on  the  abdomen,  thus  making  tense  the  psoas  muscle.  The  tender- 
ness may  be  confined  to  the  immediate  neighborhood  of  McBurnej^'s  point,  or 
it  may  be  more  or  less  appreciable  over  the  entire  iliac  area.  For  weeks  or 
months  one  may  fail  to  elicit  this  sign,  and  t?ien,  owing  to  the  occurrence  of 
an  increased  congestion  of  the  appendix,  the  local  spot  of  tenderness  may  be 
distinctly  recognized  for  several  successive  days. 

Muscular  Resistance. — ^Muscular  resistance  is  apt  to  be  rather  an  elusive 
symptom,  but,  at  one  time  or  another  in  the  course  of  the  disease,  a  sensi- 
tive examining  finger  can  generally  appreciate  a  difference  in  tension  between 
the  right  and  the  left  rectus  nmscles.  If  the  appendix  be  deeply  situated, 
either  toward  the  pelvis  or  toward  the  loin,  this  sign  may  be  absents 

It  must  not  be  forgotten  that,  in  certain  cases  of  chronic  appendicitis, 
local  symptoms  are  practically  absent.  It  must  also  be  borne  in  mind  that, 
in  young  healthy  males,  the  iliac  fossge  are  ver^'  sensitive  to  pressure.  The  possi- 
bility of  so-called  appendicito-phobia  must  also  be  considered.  Because  of  the 
fact  that  there  have  been  numerous  cases  of  appendicitis  among  the  members 
of  his  own  family  or  among  his  friends,  perhaps  ^^dth  disastrous  results,  the 
patient  acquires  such  a  dread  of  the  disease  that  imaginary  pain  and  tenderness 
in  the  right  iliac  region  may  develop.  It  is  important,  in  such  patients,  that 
during  the  examination  their  attenti(jn  should  be  diverted. 

General  Symptoms. — The  general  symptoms  are  mainly  connected  with  the 
gastro-intestinal  tract.  Some  form  of  digestive  disturbance  practically  always 
accompanies  chronic  appencUcitis.  On  careful  examination  of  the  patient's 
history,  it  will  often  be  learned  that,  on  one  or  more  previous  occasions,  there 
had  been  acute  attacks  of  what  at  the  time  w^as  considered  "biliousness,"  or 
"intestinal  indigestion."  On  careful  inciuiiy  as  to  the  particulars  of  these 
attacks,  it  wall  often  be  learned  that  pain  was  a  very  prominent  symptom, 
and  that  the  vomiting  continued  for  a  longer  time  than  would  be  expected,  had 
the  attack  been  either  acute  indigestion  or  biliousness.  A  history  of  "bilious 
attacks,"  especially  in  children,  should  always  be  carefully  investigated,  and 
special  inquiry  should  be  made  as  to  the  amount  of  pain  suffered.  Apart  from 
these  attacks,  the  digestion  ma}^  have  remained  unimpaired.  Sooner  or  later, 
however,  a  period  arrives  when  the  digestion,  instead  of  returning  to  its  noiTnal 
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condition  after  such  an  attack,  becomes  chronically  deranged.  This  derange- 
ment is  generally  of  the  intestinal  form.  Constipation  is  ai)t  to  be  a  pronounced 
and  troul^lcsomc  symptom.  Flatulency  is  complained  of;  the  ai)domen  be- 
comes bloated  after  any  indiscretion  in  diet.  Attacks  of  colic  are  frequent, 
and  there  is  sometimes  diarrha-a.  It  is  often  difficult  to  detennine  whether 
the  colic  and  flatulent  dyspepsia  be  due  to  chronic  appendicitis,  to  a  chronic 
catarrhal  enteritis,  or  to  nervous  dyspepsia.  The  history  of  the  patient  should 
be  most  carefully  scrutinized.  The  presence  of  nuicus  in  the  stools  certainly 
indicates  the  existence  of  a  catarrh  of  the  bowels,  but  this  may  have  largely 
disappeared,  while  the  appendix,  on  account  of  its  lack  of  free  drainage,  maj'' 
remain  in  a  state  of  cln-onic  inflammation.  In  other  patients,  it  may  be  evident 
that  they  are  suffering  from  both  enteritis  and  appendicitis.  The  enteritis,  in  all 
of  these  cases,  is  probably  curable;  the  reverse  is  true  of  the  appendicitis. 
Operation  should  be  advised  in  these  cases,  and  it  will  often  be  found  that  the 
constipation,  diarrhoea,  or  the  various  S}Tnptoms  of  ner\'ous  dyspepsia  will 
entirely  disappear  soon  after  the  removal  of  the  appendix ;  a  chronic  dyspeptic 
will  often  be  entirely  restored  to  health.  WTiile  constipation  is  the  nile,  there 
are  nevertheless  cases  in  which  the  appendicitis  is  the  cause  of  an  intractable 
mild  diarrhoea.  A  constipation  that  persists  after  a  "bilious  attack,"  espe- 
cially if  accompanied  by  colicky  pain,  should  always  be  regarded  with  suspicion. 

Instead  of  the  intestinal  form  of  indigestion,  the  stomach  may  be  the  organ 
most  affected.  Persistent  nausea  maj'  be  the  chief  complaint.  The  tongue 
may  remain  coated  and  the  breath  foul.  Vertigo  and  hiccough  are  unusual 
symptoms  of  chronic  appendicitis. 

The  Onset. — The  mode  of  onset  is  variable.  The  chronic  form  may  result 
from  an  acute  or  a  subacute  attack;  the  symptoms  of  the  latter  almost,  but  not 
entirely,  subsiding,  while  at  the  same  time  there  are  left  an  indefinite  ache  in 
the  right  iliac  region,  and  some  intestinal  indigestion.  On  the  other  hand,  the 
disease  may  develop  very  insicUously,  the  symptoms  creeping  on  so  that  the  pa- 
tient is  scarcely  aware  at  what  tune  his  complaints  began.  He  has  merely 
noticed  an  ahnost  imperceptible  drift  toward  chronic  intestinal  indigestion, 
and,  for  weeks  or  months,  he  pereists  in  attributing  the  discomfort  which  he 
experiences  to  this  cause,  until  his  attention  is  drawn  to  the  preponderance  of 
chscomfort  in  the  right  side.  The  disease  may  go  on  for  months  or  3"ears. 
Between  the  exacerbations  there  may  be  intervals  that  last  for  weeks  or  months 
or  even  for  yeai-s.  The  exacerbations  are  ver}'  variable  in  severity  and  may 
last  for  only  a  few  houre,  or  they  may  continue  for  several  weeks.  The  irregu- 
larity of  the  s\Tnptoms  may  be  very  great,  or  there  may  be  but  little  difference 
from  one  week  to  another,  the  discomfort  and  flatulency  being  more  or  less 
constant. 

The  constant  digestive  disturbances,  "^ith  a  more  or  less  pereistent,  nagging 
ache:  the  mental  strain  caused  by  the  ever-present  dread  of  an  acute  attack; 
and  perhaps  the  anxiety  caused  by  doubt  as  to  the  exact  diagnosis,  will  often 
exert  a  deteriorating  influence  on  the  patient's  general  health,  resulting  in  loss 
of  flesh  and  strength,  and  in  more  or  less  demoralization  of  the  nervous  sj^stem. 
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Fever  and  rapidity  of  pulse  are  generally  absent.  During  the  exacerbations, 
however,  there  may  be  a  slight  febrile  movement.  The  temperature,  in  these 
cases,  should  always  be  tested  in  the  rectum. 

Diagnosis. — The  diagnosis  of  chronic  appendicitis  is  often  very  difficult. 
It  is  especially  difficult  at  times  to  differentiate  it  from  the  following  diseases: — 
movable  kidney;  cholelithiasis;  chronic  intestinal  indigestion;  and  chronic  pan- 
creatitis. A  patient  will  often  complain  of  a  more  or  less  indefinite  discomfort 
in  the  right  side  of  the  abdomen.  A  slight  tenderness  may  exist  over  an  area 
extending  from  the  free  border  of  the  ribs  almost  to  Poupart's  ligament,  and 
in  a  backward  direction  as  far  as  to  the  loin.  This  may  be  accompanied  by 
digestive  disturbances,  colic,  flatulency,  etc.  It  is  often  exceedingly  difficult, 
and  occasionally  impossible,  to  determine  the  exact  cause  of  this  *  right-sided 
discomfort.  The  patient's  history  must  be  carefully  studied.  Have  there  been 
marked  exacerbations  in  the  course  of  the  disease?  Did  the  physician  in  at- 
tendance make  a  careful  examination,  and  was  he  able  to  locate  the  maximum 
point  of  tenderness?  Has  there  been  irritability  of  the  bladder  or  any  great 
variation  in  the  amount  of  urine  passed?  This  latter  sign  may  indicate  an 
intemiittent  hydronephrosis,  due  generally  to  mobility  of  the  kidney. 

Careful  palpation  for  tenderness  and  muscular  rigidity  will  generally,  if 
repeated  on  several  occasions,  lead  to  a  correct  diagnosis.  It  is  desirable  to 
examine  the  patient  during  the  attacks  of  exacerbation,  if  such  occur.  The 
maximum  point  of  tenderness  may  then  be  found  in  one  of  three  places — over 
the  gall-bladder,  over  the  appendix,  or  over  the  kidney.  Jaundice  is,  of  course, 
a  most  valuable  sign,  as  it  indicates  a  probable  cholecystitis,  as  does  also  pain 
in  the  region  of  the  right  shoulder  blade.  Probably  the  most  puzzling  prob- 
lem will  be  to  distinguish  between  a  movable  kidney  and  an  appendicitis.  The 
former  condition  may  often  be  found,  as  it  is  common  in  long-waisted,  thin, 
lax  women.  But,  merely  because  the  kidney  is  distinctly  movable,  we  must 
not  conclude  that  the  mobility  of  this  organ  is  the  cause  of  the  soreness  and 
discomfort.  It  may  be  quite  innocent.  If,  when  grasped  between  the  two 
hands,  the  kidney  gives  no  sign  of  excessive  tenderness,  we  must  feel  sceptical 
as  to  its  being  the  exciting  cause,  even  if  it  be  freely  movable.  If,  however, 
when  it  gets  dislodged  and  remains  more  or  less  impacted  opposite  or  below 
the  umbilicus,  we  find  that  pressure  causes  pain,  then  we  should  feel  inclined  to 
place  the  blame  on  the  kidney. 

Pancreatitis  is  a  rare  disease.  In  its  chronic  form  it  can  very  seldom  be 
recognized.  The  pain  and  tenderness  accompanying  this  disease  should  be 
located  at  a  rather  higher  point  in  the  abdomen,  more  in  the  umbilical  line,  than 
when  the  appendix  is  the  seat  of  inflammation.  The  pain  should  also  be 
more  acute  and  paroxysmal  in  character.  From  chronic  intestinal  indigestion 
appendicitis  can  be  distinguished  mainly  by  the  history,  by  the  localization 
of  the  pain  and  the  tenderness,  and  by  the  patient's  greater  indifference  to 
careful  dieting. 
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\I.    THEAT.MKXT   OF   APPEXDICITIS. 
A.  Treatment  of  Acute  Appendicitis. 

The  treatment  of  appendicitis  is  essentially  surgical.  This  does  not  nec- 
essarily mean  operative  interference  in  eveiy  ca.se,  but  it  means  that  the  patient, 
from  the  onset  of  the  disease  to  its  close,  should  be  under  the  obser\'ation  of 
one  who  is  accustomed  to  study,  on  the  operating-table,  the  treacherous  be- 
havior of  an  inflamed  appendix.  Not  only  is  it  important  for  the  diagnosis, 
and  for  the  decision  as  to  the  proper  moment  for  operation,  that  the  surgeon 
should  be  summoned  at  the  conuiiencement  of  the  attack,  but  also,  in  the  event 
that  immediate  operation  is  not  necessary,  that  he  may  be  in  a  position  to 
advise  as  to  the  future  conduct  of  the  case.  It  is  veiy  foolish  for  any  yoimg 
surgeon,  or  any  medical  man,  to  manage  a  case  of  appendicitis  (unless  it  be  one 
of  necessity)  \\ithout  the  smnmoning  of  council.  Should  the  result  be  mifa- 
vorable,  he  ^111  subject  himself  to  severe  and  perhaps  justifiable  criticism.  The 
treatment  should  be  varied  according  to  the  stage  of  the  disease  and  according 
to  the  pecuharities  of  each  individual  case.  Rules  can  be  given,  but  it  must 
be  understood  that  there  are  exceptions  to  all  these  rules.  Could  the  different 
stages  of  the  disease  be  definitely  recognized,  the  rules  could  be  made  much 
more  precise.  Unfortunately,  the  transition  from  one  stage  to  another  is  often 
so  subtle  that  the  change  cannot  be  recognized.  In  ceitain  severe  cases  of 
perforation  or  sudden  gangrene,  there  is  no  subtlety;  the  conchtion  is  unmis- 
takable. But,  in  the  majority  of  cases,  the  average  cases,  the  change  from 
the  early  to  the  later  stage  may  be  so  undemonstrative  as  to  escape  obsen-ation. 
In  the  early  stage  the  inflammation  is  confined  to  the  appenchx.  Generally,  the 
mucous  and  submucous  coats  alone  are  involved;  for,  as  soon  as  the  serous 
coat  becomes  infiltrated,  with  inflammatoiy  cells,  the  attack  has  reached  the 
borderland  between  the  early  stage  and  the  later  or  second  stage.  TMien  the 
products  of  the  septic  inflammation  have  passed  beyond  the  appendix,  and 
have  excited  a  local  or  a  spreading  peritonitis,  or  a  septic  infiltration  of  the 
neighboring  cellular  tissue,  the  attack  is  in  the  second  stage.  The  indications 
for  treatment  of  these  two  stages  are  not  the  same.  The  iiiles  for  treatment 
of  the  early  stage  are  more  definite  than  can  be  those  for  the  second  .stage. 

Treatment  of  the  First  or  Earlier  Stage  of  Appendicitis. — The  "early 
stage"  of  appendicitis  is  a  rather  loose  teiTii.  It  really  means  that  the  inflam- 
mation is  entirely  confined  to  the  appendix,  that  none  of  the  appendical  con- 
tents have  escaped,  and  that  there  is  no  peritonitis  or  septic  process  beyond 
the  appendix.  In  certain  cases  there  is  practically  no  early  stage.  A  sudden 
perforation  or  gangrene  is  the  announcement  of  the  chsease.  In  other  cases, 
the  disease  never  passes  bev'ond  the  early  stage,  the  inflanuiiation  mvohing 
the  inner  coats  only  of  the  appendix.  Between  these  two  extremes  are  found, 
perhaps,  the  majority  of  cases.  In  these,  however,  the  early  stage  is  veiy  vari- 
able. An  average  duration  is  perhaps  twenty-four  hours,  but  often  it  is  much 
shorter,  and  again  it  mav  be  considerablv  longer.     There  is  generallv  no  exact 
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moment  of  transition  from  the  early  to  the  so-called  later  stage.  A  sudden, 
unguarded  perforation  will  often  announce  its  occurrence  by  marked  symptoms, 
but  more  often  there  is  a  gradual  spread  of  the  inflammation  and  sepsis  from  the 
inner  coats  of  the  appendix  outward,  and  to  the  neighboring  tissues.  When 
either  of  these  events  occurs,  the  disease  may  be  said  to  have  passed  beyond  the 
early  stage.  A  case  may  for  days  linger  along  without  passing  beyond  this  stage. 
On  the  third,  fourth,  fifth,  sixth,  or  even  a  later  day,  the  conditions  may  be 
unchanged;  in  other  words,  they  are  exactly  as  one  would  find  them  in  other 
cases  at  the  end  of  a  few  hours  after  the  onset  of  the  attack.  In  this  class  of 
cases,  where  the  symptoms  ''hang  fire"  after  the  third  day,  and  show  no  pro- 
gressive improvement,  the  removal  of  the  appendix  is  indicated  in  preference 
to  waiting  for  an  interval  operation.  If,  even  in  the  mildest  attack,  there  be 
no  distinct  change  for  the  better  during  the  third  day  of  the  disease,  the  out- 
look for  the  complete  subsidence  of  the  attack  is  not  promising,  and  there  is 
risk  in  delaying  operation. 

In  the  early  stage  of  acute  appendicitis  operation  is  undoubtedly  the  wisest 
form  of  treatment.     This  should  be  the  general  rule,  and  there  is  no  doubt  but 
that,  in  the  hands  of  skilful  surgeons,  the  universal  application  of  this  rule 
gives  the  most  favorable  results.     There  are,  however,  exceptions  to  this  rule. 
There  may  be  certain  conditions  of  the  patient,  certain  peculiarities  of  the 
attack,  or  certain  obstacles  in  the  surroundings,  which  contra-indicate  imme- 
diate operation.     The  great  majority  of  surgeons  have  enthusiastically  adopted 
this  rule  of  universal  operation  in  the  early  stages  of  the  disease,  and  no  inex- 
perienced physician  or  surgeon  should  take  upon  himself,  alone,  the  responsi- 
bility of  rejection  or  of  postponement  of  an  operation.     It  is  only  the  wise  and 
experienced  surgeon  who  has  the  slightest  right  to  decide  w^hether  or  not  the 
operation  may,  in  certain  cases,  be  postponed,  and  even  he,  if  he  assumes  this 
position,  will,  sooner  or  later,  find  himself  mistaken,  and  will  deeply  regret  his 
supposed  conservatism.     If  the  young  physician  or  surgeon  does  not,  in  a  doubt- 
ful case,  demand  a  consultation,  he  will  run  the  risk  of  subjecting  himself  to 
just  blame,  should  the  case  result  unfavorably.     On  the  part  of  the  physician 
or  surgeon  who  first  sees  the  case,  there  should  be  a  distinct  enunciation  of  the 
fact  that  operation  is  the  safest  treatment,  and  that  there  is  risk  in  delay.     If 
the  patient  and  friends  decide  to  reject  his  proposition,  the  responsibility  rests 
with  them,  and  they  should  be  made  to  understand  this  fact  clearly.     Appen- 
dicitis is  a  most  treacherous  disease,  and  no  rules  can  be  given  which  will  enable 
the  observer  to  determine,  at  the  outset  of  the  disease,  that  its  course  is  to  be 
mild  and  to  terminate  in  recovery.     It  can  often  be  foretold  that  a  general 
peritonitis  will  certainly  ensue,  but  never  that  it  will  not  develop.     An  operation 
in  the  interval  between  attacks  is  of  course  to  be  preferred  to  one  performed 
during  an  acute  attack,  and  it  is  on  this  account  that  the  surgeon  feels  tempted 
to  postpone  operative  interference ;  he  cherishes  the  hope  that  the  acute  attack 
will  disappear  in  the  course  of  a  week  or  two,  and  that  then,  at  the  later  date, 
the  appendix  can  be  more  safely  removed  during  the  so-called  "cold  stage." 
It  is  undoubtedly  true  that  a  large  number,  probably  the  majority,  of  cases  of 
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acuto  appcMulieitis  will  successfully  pass  through  the  acute  stage  of  the  disease 
to  conii)lete  recovery  from  the  attack.  Knowing  this  to  be  a  fact,  the  surgeon 
is  sometimes  ti>mptecl — but  only,  it  is  true,  in  cases  which  are  more  or  less  sub- 
acute in  charact(>r,  where  there  is  no  vomiting,  where  the  pulse  is  good,  where 
there  is  no  alxlominal  distention,  and  where  there  is  only  moderately  pronounced 
evidence  of  inHanmiatory  trouble  in  the  right  iliac  fossa — to  adopt  dilatory 
tactics,  in  the  hope  that  a  spontaneous  cure  wdll  take  place.  Out  of  such  a 
clear  sky,  however,  there  may  at  any  moment  come  a  dangerous  explosion, 
which  comjjletely  clouds  the  prospects  of  further  abatement. — in  fact,  may  lead 
to  a  fatal  outcome.  This  is  true  even  in  cases  where  the  inflammation,  so  far 
as  symptoms  indicate,  is  apparently  very  mild  and  gives  every  evidence  of  an 
early  subsidence.  Fears  may  be  lulled  by  the  apparent  insignificance  of  the  symp- 
toms. These,  however,  do  not  always  properly  represent  the  extent  or  severity 
of  the  inflammation.  There  may  be  an  absence  of  vomiting,  fever,  and  dis- 
tention,— in  brief,  the  signs  of  peritoneal  involvement  may  be  insignificant; 
and  yet  in  the  depths  of  the  iliac  fossa  there  may  be  an  appendix  all  ready  to 
undergo  perforation,  or  perhaps  an  abscess  fomied  around  an  appendix  which 
is  already  perforated.  It  is  apt  to  be  the  man  of  small  experience  and  little 
wisdom  who  feels  confident  that  he  can  guide  the  patient  over  such  treacherous 
seas  into  a  safe  haven.  The  surgeon  of  wdde  experience  may  take  chances  with 
such  cases,  and,  with  careful  observation,  he  may  guide  the  patient  to  recoveiy, 
but  it  is  a  risky  procedure,  and  sooner  or  later  an  unexpected  peritonitis  will  cause 
him  to  regret  his  course  in,  certain  cases.  Then,  again,  the  patient's  relatives 
and  friends  ma}-'  object  so  strongly  that  the  surgeon  is  prevailed  upon  to  post- 
pone operation.  He  should,  how^ever,  state  his  opinion  frankly,  and  then,  if 
it  be  rejected,  the  responsibility  will  rest  on  other  shoulders.  Under  these 
circumstances  it  will  be  his  duty  to  watch  the  progress  of  the  case  closely,  not 
allowing  many  hours  to  intervene  between  his  visits,  so  that  he  may  be  read}'' 
once  more  to  urge  immediate  interference,  should  more  threatening  S3aTiptoms 
develop. 

As  already  stated,  there  are  exceptions  to  the  general  rule  of  "invariable 
operation  in  the  early  stages  of  an  acute  appendicitis."  Such  exceptions  maj^ 
be  due  to  the  miserable  condition  of  the  patient,  to  the  character  of  the  attack, 
or  to  certain  conditions  in  the  circumstances  or  surroundings  of  the  patient. 

(1)  The  miserable  condition  of  the  patient. — The  miserable  condition  of 
the  patient  may  be  due  to  some  complicating  disease,  such  as  advanced  tuber- 
culosis, cancer,  grave  heart  lesions,  severe  nephritis,  or  impaired  arteries.  Each 
case  of  this  kind  must  be  judged  on  its  own  merits,  ^^^lich  procedure  offers 
the  least  risk  to  a  patient  who  is  in  such  a  deteriorated  condition?  On  the 
one  hand,  there  are  a  half- hour's  anaesthesia  and  an  abdominal  section;  on  the 
other,  there  is  an  appendix  liable  to  excite  a  general  fatal  peritonitis.  The 
risk  of  an  operation  on  a  patient  suffering  from  any  one  of  the  above  diseases 
may  be  attended  by  such  danger  that  it  often  appears  less  risky  to  place  faith 
in  the  spontaneous  subsidence  of  the  inflammation.  In  a  case  of  cancer  or 
tuberculosis  it  is  well  to  consult  the  \\ishes  of  the  patient  or  his  family.     State 
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the  case  frankly  and  let  them  share  the  responsibility  of  the  decision.  In  the 
case  of  a  patient  with  heart  disease,  the  question  of  cardiac  compensation  has 
to  be  carefully  weighed.  A  lack  of  proper  compensation  should  rather  influence 
the  surgeon  to  avoid,  if  possible,  the  operation.  If  compensation  is  satisfactory, 
the  dangers  of  anaesthesia  are  but  slightly  increased.  In  a  case  of  nephritis, 
the  anaesthesia  may  exert  an  injurious  effect  on  the  kidneys,  and  such  cases 
are  more  liable  to  develop  peritonitis.  The  dangers  must  be  weighed,  one  course 
against  the  other.  Age,  pecuniary  requirements,  family  history,  personal  his- 
tory— all  these  must  be  taken  into  consideration  in  seeking  a  decision  as  to  the 
best  course  to  pursue. 

(2)  The  character  of  the  attack.— If  an  adult  is  suddenly  overwhelmed 
at  the  outset  of  the  attack,  the  prognosis  under  any  method  of  treatment  is  most 
unfavorable.  The  symptoms  are:  the  collapsed  appearance  of  the  patient, 
the  rapid  wiry  pulse,  the  extremely  anxious  countenance,  the  cold  extremities, 
and  the  distended  abdomen— all  of  them  due  to  grave  peritoneal  shock,  caused 
by  the  escape  and  absorption  of  virulent  germs  or  material  from  the  appendix. 
If  the  operation  be  performed  while  the  patient  is  in  this  state,  it  will  almost 
certainly  prove  fatal,  and  will  but  hasten  the  end.  Under  such  circumstances, 
a  delay  of  some  hours  will  often  result  in  a  slight  but  distinct  improvement  of 
the  patient's  condition.  Nature's  forces,  which  at  first  were  staggered  by  the 
suddenness  of  the  attack,  will  often  become  better  organized  for  resistance. 
The  leucocytes,  -at  first  rather  low  in  number,  rapidly  increase  to  30,000  or 
40,000;  some  flatus  may  be  expelled,  the  abdomen  in  consequence'  becoming 
less  tense;  the  pulse  loses  some  of  its  wiry  character;  and  the  patient's  whole 
condition  becomes  less  distressing.  This  favorable  change  is  due  to  a  general 
decrease  of  the  congestion  (inflammation)  of  the  peritoneum,  and  also  in  some 
measure  to  the  fact  that  the  inflammation  shows  a  tendency  to  localize  itself 
about  the  appendix.  Nature  is  doing  her  best  to  wall  in  the  inflamed  organ. 
The  most  constant  and  careful  observation  is  necessary  at  this  time  in  order 
to  determine  .whether  Nature  is  to  be  successful  or  not  in  this  attempt,  and 
also  in  order  that  the  surgeon  may  decide  when  the  time  of  selection  arrives 
for  interference.  If  the  general  symptoms  gradually  subside,  and  if  at  the 
same  time  a  local  exudate  manifests  itself,  the  operation  may  be  postponed 
from  hour  to  hour;  and,  if  the  course  of  the  disease  continues  to  be  favorable, 
two  or  three  days  may  with  advantage  be  allowed  to  elapse,  before  one  decides 
that  the  most  favorable  moment  for  operation  has  arrived.  By  this  time  there 
will  be  found  a  perforated  and  perhaps  gangrenous  appendix,  shut  off  from  the 
general  cavity  of  the  peritoneum  by  a  thick  wall  of  inflammatory  material. 
Drainage,  unfortunately,  will  be  necessary,  but  the  risk  attending  such  an 
operation  is  but  slight;  whereas,  if  it  had  been  done  in  the  beginning  of  the 
attack,  the  danger  would  have  been  very  great,  and  drainage  even  then  could 
not  have  been  omitted.  Unfortunately,  the  disease  does  not  always  follow 
this  favorable  course,  and  in  children  or  young  adults  the  plan  of  treatment 
just  suggested  should  not  be  attempted,  but  in  older  or  dissipated  patients 
it  certainly  offers  a  better  chance  for  recovery  than  does  immediate  operation. 
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During  this  critical  i)criod  of  the  disease  the  treatment  sh(3ukl  be  carried  out 
very  strictly,  and  the  patient  should  be  kept  constantly  under  observation. 
Rest  and  al)solute  starvation  are  the  keystones  of  treatment. 

(3)  Conditions  in  the  circumstances  or  surroundings  of  the  patient  which 
make  it  preferable,  even  at  some  risk,  to  postpone  operation. — In  many  cases 
it  is  manifest  that  the  operation  is  of  such  vital  importance  that  it  must  over- 
shadow all  other  circumstances;  ])ut  in  certain  cases  where  the  attack  is  mild, 
and  especially  if  it  be  a  repetition  of  others  of  a  similar  character,  the  risk  of 
postponement  is  not  great, — -provided,  of  course,  that  the  medical  man  in  at- 
tendance be  an  experienced  observer.  The  mere  fact  that,  in  past  years, 
many  similar  attacks  have  subsided  spontaneously  is  no  guarantee  that  the 
present  attack  will  have  such  a  successful  outcome.  The  chances  favor  such  a 
course,  but,  as  a  rule,  the  risk  of  assuming  that  it  will  be  followed  in  this  particu- 
lar attack  is  considerable.  Aery  probably  the  final  outcome  of  the  case  will 
be  complete  recoveiy  and  an  obliterated  appendix,  but  in  the  mean  time,  the 
patient  will  be  hanging  on  the  verge  of  a  precipice.  The  removal  of  the  appen- 
dix during  such  a  mild  attack  is  practically  an  interval  operation.  Probably 
no  drainage  will  be  needed,  and  it  will  be  not  only  a  life-saving,  but  a  time- 
saving  procedure.  In  advising  removal  of  the  appendix  in  the  beginning  of 
the  mild  attacks,  where  naturally  there  may  be  some  doubt  as  to  the  absolute 
necessity  of  an  operation,  the  probability  of  later  attacks  should  be  borne  in 
mind.  A  recurrence  of  the  disease  takes  place  ^n  about  seventy-five  per  "cent 
of  the  cases.  The  patient's  realization  of  this  fact  and  of  the  advisabihty  of  a 
later  interval  operation  will  make  a  strong  impression  upon  his  mind  in  favor 
of  the  immediate  removal  of  the  appendix.  In  some  cases  he  will  simply  need 
to  be  assured  that  the  risk  attending  the  operation  is  but  slight  and  that  in  all 
probability  no  drainage  will  be  needed. 

In  cases  where,  for  one  reason  or  another,  operation  in  the  earl}-  stage  is 
not  performed,  the  treatment  should  be  carried  out  in  the  strictest  manner.  The 
same  rule  applies  also  to  cases  where  for  a  time  a  definite  diagnosis  cannot  be 
made.  Skill  and  experience  are  needed  quite  as  much  under  these  circumstances 
as  they  would  be  were  the  operation  to  be  performed.  The  treatment  should 
consist  largely  in  non-interference.  Absolute  rest  of  body  and  mind  is  most 
important.  .  In  fact,  the  patient  must  be  kept  in  bed,  lying  in  whatever 
position  will  be  most  comfortable.  Nature  and  not  the  doctor  should  dictate 
this.  The  dorsal  position  will  generally  be  preferred.  If  the  symptoms  look 
threatening,  it  is  best  to  elevate  the  head  of  the  bed  moderately  (ten  or  fifteen 
inches).  ,  This  degree  of  elevation,  which  is  usually  agreeable  to  the  patient, 
tends  to  confine  the  inflammatory  process  to  the  pelvis  and  lower  abdomen. 
Starvation  must  be  absolute.  If  the  patient  be  kept  quiet  and  if  he  be  per- 
mitted to  drink  a  moderate  amount  of  water,  starvation  for  three,  four,  or  five 
days  is  borne  without  discomfort.  "Water,  at  first  allowed  in  small  amounts, 
may  later  be  given  freely.  Should  there  be  nausea  and  vomiting,  however, 
water  should  be  sparingly  given.  Small  saline  enemata  (six  to  eight  ounces) 
should  be  employed,  if  water  cannot  be  freely  administered.     These  should  be 
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repeated  every  six  to  ei^ht  hours.  Absolutely  nothing  but  water  should  be 
permitted  until  the  symptoms  have  markedly  subsided.  Soups,  as  well  as  tea, 
coffee,  albumen  water,  and  especially  fruit  juices,  should  be  positively  pro- 
hibited. The  one  object  of  treatment  is  to  quiet  intestinal  peristalsis,  and  any 
solid,  salty,  acid,  or  aromatic  substances  defeat  this  endeavor. 

Internal  Medication. — If  possible,  no  drugs  should  be  administered  for  the 
rehef  of  severe  pain.  It  is  a  fact,  however,  that  one  is  generally  compelled  to 
give  a  small  hypodermic  of  codeine  (gr.  J)  or  of  morphine  (gr.  |).  The  former 
should  be  first  tried.  Morphine  is  distinctly  objectionable;  but,  if  peristalsis 
is  very  vigorous  or  restlessness  very  great,  its  use  may  be  indicated.  No  more, 
however,  should  be  given  than  is  just  sufficient  to  quiet  the  intestinal  move- 
ments. A  benumbing  dose  of  opium  or  its  derivatives  is  absolutely  contra- 
indicated.  It  is  objectionable  for  the  following  reasons:  first,  because  it  masks 
the  symptoms,  thus  rendering  diagnosis  difficult.  It  is  apt,  for  example,  to 
abolish  local  tenderness  and  muscular  rigidity,  and  it  also  prevents  the  observer 
from  properly  estimating  the  progress  of  the  inflammation.  In  the  second 
place,  it  is  apt  to  produce  paresis  of  the  intestines  and  thus  to  encourage  abdomi- 
nal distention. 

If  the  stomach  is  overloaded  with  undigested  food,  it  is  often  advisable  to 
wash  it  out  by  lavage.     This  should  be  done  as  gently  as  possible. 

Carthartics,  as  a  rule,  are  objectionable.  There  can  be  no  doubt  but  that 
a  sharp  purge,  at  the  very  commencement,  may  often  be  of  marked  benefit,  but,  on 
the  other  hand,  it  may  also  result  disastrously.  It  is  never  known  which  one  of 
these  results  will  ensue.  Certainly,  many  a  patient  has  been  killed  by  an 
initiatory  dose  of  castor  oil  or  calomel.  The  violent  peristalsis  thus  excited 
may  be  the  last  straw  to  cause  a  complete  and  rapid  perforation.  The  per- 
foration, perhaps,  could  not  have  been  prevented,  but,  if  the  intestines  had  been 
kept  quiet,  the  rupture  would  probably  have  been  anticipated,  and  some  pro- 
tection would  have  been  provided  against  the  approaching  perforation.  Of 
course,  the  bowels  are  often  overloaded,  and  it  would  certainly  be  of  advantage 
to  unload  them;  and  unquestionably,  by  good  fortune,  this  is  often  accom- 
plished without  disaster  and  with  advantage  to  the  patient.  In  a  w^ll-marked 
case  of  "catarrhal  appendicitis"  there  is  no  danger;  indeed,  there  is  a  positive 
advantage  in  administering  a  cathartic  dose.  But,  as  already  stated,  no  man 
can  be  sure  that  he  has  to  deal  with  a  purely  catarrhal  inflammation,  and  the 
uncertainty  and  risk  are  entirely  too  great  to  w^arrant,  except  in  rare  cases,  the 
employment  of  catharsis.  If  the  rectum  be  overloaded,  a  small  soapsuds  enema 
may  be  administered;  but  it  is  seldom  needed,  for,  if  saline  enemata  are  regu- 
larly given,  Nature  will  almost  invariably  within  twenty-four  or  thirty-six 
hours,  herself  unload  the  bowel. 

Local  Applications. — Shall  ice- water  or  hot- water  bags  be  employed?  One 
or  other  is  advisable.  Some  measure  of  relief  will  be  afforded  the  patient  and 
satisfaction  will  be  given  to  the  family.  Jce  is  generally  preferable.  It  seems 
to  have  some  slight  effect  in  mitigating  the  inflammation  around  the  appendix, 
and  certainly  affords  some  relief  from  pain.     Occasionally  hot  applications  are 
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preferable.  If  ice  gives  pain  it  should  not  be  employed.  In  any  event  it 
should  be  cautiously  employed;  it  should  not  be  allowed  to  cause  freezing  of 
the  skin.  If  the  area  treated  be  kept  extremely  cold  for  a  long  time,  sensa- 
tion is  more  or  less  lost,  and  the  surgeon  is  deprived  of  the  valuable  signs  of 
local  pain  and  tenderness.  If  the  ice  bag  be  employed  continuously  for  many 
hours,  care  also  should  be  taken  that  it  shall  not  produce  gangrene  of  the  skin. 
If  there  be  much  general  colicky  pain  hot-water  bags  and  even  turpentine 
stupes  may  be  advantageously  employed.  Great  confidence,  however,  should 
not  be  placed  in  the  benefit  to  be  derived  from  any  form  of  local  application. 

Treatment  of  the  Second  or  Later  Stage  of  Appendicitis. — When  the 
inflammation  has  involved  the  serous  coat  of  the  appendix,  and  is  extending 
beyond  the  organ,  the  second  or  later  stage  may  be  said  to  have  begun.  As  al- 
ready stated,  it  is  often  impossible  to  tell  at  what  exact  moment  this  extension 
occurs.  "When,  however,  there  are  increasing  abdominal  distention  and  an 
increase  of  muscular  tension  in  the  right  iliac  fossa,  and  especially  when  second- 
ary belching  of  gas  or  vomiting  begins,  we  know  that  the  inflammation  is  no 
longer  confined  to  the  appendix,  but  that  the  neighboring  coils  of  intestines 
have  become  involved  in  peritoneal  inflammation,  or  that  a  septic  process  is 
spreading  in  the  cellular  tissue.  AMien  such  symptoms  appear,  there  is  always 
a  great  regret  that  operation  had  not  been  performed  in  the  earlier  stage  of  the 
disease.  The  case  at  once  assumes  a  grave  aspect.  The  mortality  of  the  opera- 
tion will  now  be  raised  from  perhaps  ten  per  cent  to  a  percentage  eight  or  ten 
times  as  great.  The  questions  then  arise,  Will  better  results  be  obtained  if 
operation  be  postponed  until  the  disease  has  re-localized  itself  in  the  right  iliac 
fossa?  and  A\Tiat  are  the  chances  for  such  a  localization?  Opinions  on  these 
subjects  are  divided.  They  may  be  classed  in  three  divisions.  The  great 
majority  of  surgeons  are  not  willing  to  adopt  a  universal  rule  for  the  treatment 
of  cases  w^hich  are  in  the  dangerous  stage  of  the  disease.  Each  case  must  be 
a  rule  unto  itself.  There  are,  however,  many  advocates,  some  of  them  very 
enthusiastic,  of  each  one  of  the  three  following  principles  of  treatment: — 

1.  Operation  should  be  performed  on  practically  all  cases  of  this  class. — 
This  is  the  treatment  adopted  by  the  majority  of  surgeons.  The  operative 
mortality  will  be  somew^here  between  eight  per  cent  and  ten  per  cent.  In  the 
practice  of  some  surgeons,  this  percentage  may  be  lowered,  and  in  that  of  others 
it  is  perhaps  considerably  higher.  Certainly,  on  theoretical  and  perhaps  on 
practical  grounds,  this  plan  of  treatment  is  the  best.  The  septic  inflammation 
has  already  extended  beyond  the  appendix,  and  a  spreading  peritonitis  has 
begun  or  is  threatened.  Wliat  will  stop  this  spread?  Will  the  forces  of  Nature 
call  a  halt?  If  so,  how  often  will  such  a  happy  result  occur?  How  can  one 
foretell  such  a  fortunate  course?  These  are  some  of  the  questions  which  nat- 
urally suggest  themselves.  That  the  peritonitis  and  sepsis  often  spread  and 
become  universal,  every  surgeon,  unfortunately,  knows.  He  sees  these  hope- 
less cases  so  often  that  he  dreads  a  moment's  delay.  He  claims  that  a  perito- 
nitis limited  to  the  lower  right  quadrant,  or  one  involving  even  as  much  as  half 
of  the  abdomen,  can  be  more  successfully  combated  by  operation  than   one 
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which  has  become  universal.  There  can  be  no  question  as  to  the  justice  of 
this  claim.  It  is  difficult  to  explain  why  the  spread  should  not  continue;  and 
certainly  no  one  can  tell  why  in  one  case  it  becomes  localized  while  in  another 
it  becomes  general.  There  are  no  statistics  of  the  slightest  value  as  to  the  pro- 
portion of  cases  in  which  the  process  localizes  itself.  It  seems  most  reasonable 
to  block  the  spreading  by  an  operation.  The  results  of  such  a  plan  of  treat- 
ment are  much  superior  to  those  which  follow  the  plan  of  postponing  operation 
in  the  hope  of  locaHzation.  This,  at  least,  is  the  opinion  of  the  majority  of 
surgeons. 

2.  The  same  plan  of  treatment  should  not  be  adopted  for  all  such  cases. — • 
A  selection  should  be  made,  some  cases  being  chosen  for  immediate  operation, 
while  in  others  the  question  of  operation  is  held  in  abeyance  until  the  process 
shall  have  localized  itself  in  the  right  iliac  fossa.  Among  operators  it  has  for 
years  been  a  conviction  that  the  mortality  of  operations  performed  on  or  about 
the  third  day  of  the  disease  is  very  great.  It  is  most  often  about  this  time  that 
the  inflammation  begins  to  spread,  and  the  mortality  of  operations  performed 
at  the  moment  when  this  spreading  process  first  begins  is,  certainly,  very  great. 
The  operation  is  especially  dangerous  in  those  patients  who  have  reached  or 
passed  middle  age,  or  who  have  led  dissipated  lives,  or  who  have  bad  livers  or 
kidneys.  It  is  agreed  that  in  this  class  of  cases  it  is  much  wiser  to  wait  for  local- 
ization of  the  process,  and  it  is  believed  that  this  localization  will,  under  proper 
treatment,  frequently  follow,  and  that  the  older  the  patient,  the  greater  the 
probability  that  it  will  occur.  Results  have  shown  that  such  a  postponement, 
in  the  class  of  patients  mentioned,  will  give  better  results  than  the  plan  of  im- 
mediate operation.  This,  at  least,  is  the  argument  presented  by  many  wise 
surgeons.  They  do  not  feel,  however,  that  delay  is  justifiable  in  children  or 
healthy  young  adults,  in  whom  the  risk  of  universal  spreading  of  the  inflam- 
mation (peritonitis)  is  much  greater,  while  at  the  same  time  the  risks  of  operation 
are  much  smaller.  Between  these  two  extremes  are  many  intermediate  cases, 
and  it  will  be  in  the  treatment  of  them  that  the  wisdom  of  the  surgeon  will  be 
shown.  In  many  cases  where  the  patient  is  young  or  middle-aged,  the  decision 
in  each  instance  must  be  left  to  the  individual  surgeon.  His  decision  should  be 
based  largely  on  his  own  experience.  He  should  generally  allow  for  a  few  hours' 
observation,  with  careful  relative  blood  examinations,  before  he  arrives  at  a 
decision.  The  symptoms  which  point  to  a  localization  of  the  process  are: 
absence  or  decrease  of  stomach  regurgitation,  softening  of  the  abdomen  in  con- 
junction with  the  passage  of  flatus,  and  the  general  improvement  in  appearance 
and  disposition  of  the  patient. 

3.  Immediate  operation  should  not  be  performed,  but  the  patient  should 
be  carefully  carried  along,  under  continuous  observation,  to  a  stage  where  the 
general  symptoms  will  have  subsided,  and  where  a  localized  abscess  will  have 
formed  around  the  diseased  appendix.  This  event  may  occur  on  the  fourth, 
fifth,  sixth,  or  even  a  later  day.  A.  J.  Ochsner  has  been  the  prime  advocate  of 
this  plan  of  treatment,  and  he  has  many  followers.  There  is  no  question  but 
that  his  views  have  modified  the  opinion  of  most  surgeons  in  regard  to  universal 
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oi)cration  on  patients  in  this  stage  of  the  disease.  The  advocates  of  this  plan 
of  treatment  claim  that  their  mortality  has  been  reduced  from  eight,  nine,  or 
ten  per  cent  to  five  or  six  per  cent,  by  the  adoption  of  this  method.  The  strict- 
est treatment,  however,  is  necessary  for  successful  results.  The  starvation 
must  be  absolute.  The  reason  why  so  many  patients  come  to  the  surgeon 
almost  dead  from  a  general  peritonitis  is  that  the  treatment  has  not  been 
thoroughly  carried  out.  Cathartics  have  been  administered,  or  the  patient 
has  been  given  fluid  or  solid  nourishment,  either  of  which  measures  will  certainly 
defeat  the  beneficial  effects  of  this  plan  of  treatment.  The  intestines  must  be 
kept  at  rest.  Morphine  is  objectionable,  but  small  hypodermic  injections  of 
codeine  may  be  advisable.  If  there  be  much  vomiting  the  stomach  should  be 
washed  out.  This  must  be  done  very  gently,  the  patient  resting  on  the  right 
side.  The  gastric  lavage  may  be  repeated  every  few  hours  if  vomiting  persists. 
Under  this  plan  of  treatment,  the  symptoms  will  often  improve,  the  abdomen 
will  become  softer,  flatus  may  be  expelled,  and  the  general  rigidity  and  tender- 
ness will  gradually  diminish.  At  the  same  time  a  mass  will  begin  to  appear 
in  the  right  iliac  fossa.  This  will  probably  be  rather  hard  and  not  specially 
tender.  It  will  probably  enlarge  slowly,  in  rare  cases  it  may  entirely  disappear, 
but  generally  fluctuation  develops  in  the  course  of  a  few  days.  At  the  same 
time,  the  temperature  curve  will  assume  a  more  distinctly  septic  character, 
with  an  evening  elevation.  As  soon  as  the  mass  is  distinctly  felt,  it  can  be 
reasonably  assumed  that  the  risk  of  general  peritonitis  is  practically  over. 
The  surgeon  need,  therefore,  not  be  in  great  haste  to  open  the  abscess.  As  long 
as  the  general  symptoms  continue  to  improve,  the  delay  of  a  day  or  two,  after 
recognition  of  the  mass,  may  often  be  an  advantage,  in  allowing  the  general 
congestion  or  inflammation  to  subside,  and  in  more  strongly  shutting  off  the 
general  cavity  of  the  peritoneum  from  the  localized  process.  It  is  of  the  ut- 
most importance,  during  this  period  prior  to  operation,  that  most  careful  and 
frequent  observation  be  practised,  and  that  irritation  of  the  digestive  tract  be 
carefully  avoided.  In  order  to  prevent  too  active  peristaltic  movements  or 
colic,  the  nourishment  should  be  confined  to  liquids  of  the  simplest  character. 
Water  only  should  be  allowed  as  long  as  there  remains  any  symptom  of  general 
congestion  or  inflammation  of  the  peritoneum.  Generally  this  restriction  will 
be  necessary  for  forty-eight  hours  or  longer.  Then,  for  another  day  or  two, 
simple  clear  broths  may  be  allowed.  As  a  rule,  it  is  wiser — for  adults,  at 
least — to  abstain  from  milk.  Milk  in  any  form  is  more  liable  to  excite  the 
development  of  gas,  and  to  act  as  a  slight  irritant.  In  infants  and 
young  children,  however,  it  may  be  employed.  Fruit  juices  should  be  espe- 
cially avoided. 

Treatment  of  the  Suppurative  Stage. — As  soon  as  it  is  determined  that 
suppuration  has  developed,  the  abscess  should  be  opened  at  as  early  a  date  as 
possible.  By  abscess  is  meant  a  localized  collection  of  pus.  There  may  be  a 
distinct  tumor,  which  occasionally  will  give  a  wave  of  fluctuation,  but  more 
often  the  mass  feels  quite  hard.  This  lack  of  softness  and  fluctuation  is  ex- 
plained by  the  fact  that  generally  a  thick  wall  of  inflammatory  material  encloses 
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the  pus.  The  situation  of  the  abscess  varies.  Often  it  will  be  felt  lying  more 
or  less  under  McBurney's  point,  though  it  is  liable  to  extend  farther  downward 
toward  Poujjart's  ligament.  In  about  fifteen  per  cent  of  the  cases  its  situation 
will  be  toward  the  loin,  above  the  crest  of  the  ilium.  Not  infrequently,  it  will 
be  directly  under  the  lower  third  of  the  right  rectus  muscle.  Occasionally  its 
situation  is  deep  in  the  pelvis,  where  it  can  be  felt  only  on  rectal  or  vaginal 
examination.  In  a  certain  number  of  cases  no  tumor  can  be  felt.  There  may 
even  be  an  absence  of  rigidity  or  of  marked  tenderness.  The  diagnosis  of 
suppuration  must  rest  upon  the  other  symptoms — the  presence  of  an  even- 
ing rise  in  temperature,  the  more  rapid  pulse,  the  furred  tongue,  and  the  results 
of  the  blood-count.  There  is  apt  to  be  persistent  tenderness,  especially  if  deep 
palpation  be  made.  The  patient  does  not  get  well,  he  remains  ill  and  feels  very 
miserable.  It  is  seldom  that  the  existence  of  secondary  abscesses  can  be  exactly 
diagnosed.  They  may  be  suspected,  because  of  different  areas  of  tenderness, 
of  bowel  stagnation  with  distention,  and  of  increased  sepsis  without  peritonitic 
S5miptoms. 

As  a  rule,  the  sooner  an  abscess  is  drained,  the  better  the  chance  for  recov- 
ery. As  a  rule,  also,  the  formation  of  an  abscess  indicates  neglect  or  poor 
judgment  on  the  part  of  somebody.  There  are  exceptions,  however,  to  both 
of  these  generalizations.  As  already  explained,  there  may  be  patients  in  whom, 
as  a  result  of  a  more  or  less  diffused  peritonitis,  the  process  tends  to  localize 
itself.  When  first  the  mass  is  recognized,  the  diffuse  peritonitis  may  not  have 
entirely  disappeared,  and  at  the  same  time  the  process  of  localization  may  not 
yet  be  complete.  Under  these  circumstances,  it  may  be  beneficial  to  delay 
the  operation  a  few  hours  or  even  days,  as  such  a  delay  permits  the  general 
inflammation  to  subside,  the  localizing  wall  to  become  more  secure,  and  the 
local  septic  focus  to  become  less  virulent.  During  this  period  of  delay  it  is  of 
the  utmost  importance  that  the  closest  watch  be  kept  for  the  development  of 
dangerous  symptoms.  It  may  also  be  wise  to  delay  operation  in  those  cases 
which  have  a  very  stormy  onset,  even  where  it  is  known  that  there  is  a  per- 
forated or  gangrenous  appendix.  Under  these  conditions  some  hours  are  needed 
by  Nature's  forces  in  order  that  they  may  array  themselves  in  the  best  possible 
order  for  the  fight.  If  immediate  operation  be  performed  the  additional  strain 
of  the  operation  and  the  exposure  of  new  surfaces  to  absorption  may  turn  the 
scale  in  favor  of  the  invading  poison  rather  than  in  favor  of  the  patient.  Under 
all  other  circumstances,  when  the  abscess  is  completely  localized  its  immediate 
opening  is  indicated.  This  is  performed  through  one  of  the  incisions  whose 
description  follows.  When  the  pus  has  been  freely  evacuated,  the  question 
will  then  present  itself:  Shall  the  appendix  always  be  removed?  Generally, 
yes;  always,  no — is  the  answer.  In  the  practice  of  the  writer  it  has  been 
found  wiser,  in  about  one  per  cent  of  his  operations  in  suppurative  cases,  not 
to  attempt  the  removal  of  the  appendix  at  the  primary  operation.  There  are 
two  different  conditions  of  the  diseased  area  which  render  it  safer  not  to  dis- 
turb the  parts,  (a)  In  the  first  place,  the  organ  may  be  so  buried  in  lymph, 
especially  in  long-standing  cases,  as  to  render  its  recognition  most  difficult. 
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To  remove  it  under  the  eireunistances  would  lay  bare  new  areas  over  which 
the  pus  would  flow,  and  as  a  result  there  would  b(.'  a  local  and  jierhaps  a  general 
severe  infection.  If  an  inflaniniatory  process  has  been  piling  layer  after  layer 
of  new  material  around  the  cncum  and  diseased  appendix,  the  solid  mass  may 
reach  the  size  of  a  man's  fist,  or  even  that  of  a  cocoa-nut.  To  dig  into  this  mass, 
when  it  is  almost  impossible  to  recognize  the  various  stmctures,  is  a  difficult  and 
sometimes  hazardous  procedure.  There  is  risk,  not  only  of  spreading  infec- 
tion, but  also  of  injuring  the  different  mesenteries  to  such  an  extent  that  the 
^^tality  of  some  part  of  the  intestine  will  be  im])('i-ill('d.  It  is  true  that,  in  cases 
in  which  the  banking  up  of  inflammatory  material  has  been  going  on  for  weeks, 
the  pus  has  generall}^  lost  much  of  its  virulence  and  consequently  the  danger 
of  fresh  absorption  is  slight;  but  there  is  much  danger  of  damage  to  the  peri- 
toneal coat  of  the  caecum  or  adherent  small  intestine.  As  a  result  of  such 
injury  a  slough  in  the  wall  of  the  intestine  may  follow,  thus  gi^'ing  rise  to  a 
fsecal  fistula. 

(6)  In  cases  where  there  is  an  extensive  collection  of  \drulent  pus,  enclosed 
by  a  rather  delicate  wall  of  adherent  intestines  and  mesentery,  it  is  sometimes 
\viser  not  to  injure  the  barrier  and  hunt  for  the  appendix.  If  it  is  readilj^seen 
and  can  be  easily  removed,  it  is  nearly  always  waser  to  do  the  complete  opera- 
tion; but,  if  its  discovery  involves  exposure  of  fresh  surfaces,  the  hunt  should 
be  postponed  until  a  later  period.  The  virulency  of  the  pus  must  be  decided 
by  the  sjnnptoms  of  septic  absorption — the  fever,  dry  tongue,  etc.  When  the 
sepsis  is  marked,  the  less  the  amount  of  injury  done  at  the  time  of  operation, 
the  better  are  the  chances  for  recovery.  In  these  gravely  septic  patients  it 
is  not  permissible  to  do  more  than  to  open  the  abscess  and  to  supply  adequate 
drainage.  Celerity  and  gentleness  are  the  keynotes  of  the  successful  operation 
in  these  patients. 

The  Operation. — The  preparation  of  the  room  should  be  in  accordance  with 
the  iTiles  given  on  page  143,  Vol.  lY.  An  overhead  light  (skylight)  is  of  the 
greatest  advantage. 

The  Preparation  of  the  Intestinal  Tract. — In  anticipation  of  any  abdominal 
operation  it  is  of  great  importance  that  the  intestinal  tract  be  as  empty  as  pos- 
sible. This  emptiness  applies  to  both  faeces  and  flatus.  The  latter  is  of  almost 
as  much  importance  as  the  former.  If  a  patient's  habits  are  good,  it  is  well  not 
to  alter  them  radically.  In  an  attack  of  acute  appendicitis  no  attention,  be- 
yond absolute  starvation,  should  be  given  to  the  preparation  of  the  intestinal 
tract.  Any  stimulation  of  peristalsis  is  generally  objectionable.  A  small 
enema  is  alone  pennissible.  Even  this  is  often  inad\'isable  in  acute  cases. 
In  subacute  cases,  however,  it  may  be  indicated  if  the  rectum  is  overloaded. 
In  chronic  appendicitis  the  intestinal  tract  can  generally  be  thoroughly  pre- 
pared for  the  operation.  Light  and  easily  digested  food  should  be  ordered 
for  two  or  three  days  prior  to  the  operation.  During  these  days  the  bowels 
should  be  gently  but  freely  moved,  if  necessary,  by  the  use  of  mild  cathartics. 
If  the  tongue  is  habitually  clean  and  the  bowels  are  regular,  no  strong  cathartic 
is  needed;   but,  if  constipation  be  a  habit  and  if  the  liver  be  sluggish,  a  brisk 
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cathartic  (such  as  calomel,  pil.  cath.  co.,  licorice  powder,  etc.)  should  be  taken 
four  hours  prior  to  operation.  On  the  afternoon  or  evening  preceding  the  opera- 
tion, a  mild  but  effectual  laxative  should  be  taken.  In  addition,  enemata  may 
be  needed.  Any  irritation,  however,  of  the  bowels,  by  the  use  of  drastic  cathar- 
tics or  by  frequent  or  irritating  enemata,  is  to  be  avoided,  as  such  measures 
are  apt  to  increase  the  intestinal  gases.  Solid  food  should  not  be  taken  during 
the  twelve  hours  prior  to  operation,  but  the  patient  should  be  encouraged  to 
drink  water  freely,  and  a  cup  of  clear  broth  is  often  advisable  during  this  last 
preparatory  period. 

Preparation  of  the  Skin. — ^The  preparation  of  the  skin  may  be  accomplished 
largely  before  the  patient  reaches  the  operating-room,  or  it  may  be  reserved 
until  after  anaesthesia  is  complete.  Whatever  method  be  adopted,  it  must  be 
carried  out  thoroughly  and  it  must  be  of  such  a  nature  as  not  to  produce  irri- 
tation. Any  method  which  causes  irritation  sufficient  to  produce  blisters, 
vesicles,  or  pustules,  is  distinctly  bad.  Great  care  should  be  taken  to  avoid 
this  if  green-soap  poultices  are  used.  The  details  of  cleansing  the  skin  have 
been  fully  discussed  in  another  part  of  this  work.  (Vol.  IV.,  article  by  Dr. 
George  Ben  Johnston  on  ''Preparations  for  an  Operation.") 

The  Employment  of  an  Ancesthetic. — As  a  rule,  a  general  anaesthetic  should 
be  administered.  Whether  this  shall  be'  gas  combined  with  ether,  pure  chloro- 
form, chloroform  combined  with  oxygen,  or  pure  ether,  will  depend  on  the  sur- 
geon's preference  for  one  or  other  of  these  anaesthetics.  AVhether  or  not  an 
anticipatory  hypodermic  injection  of  morphine  be  given,  will  also  depend  on  the 
individual  surgeon.  Local  anaesthesia  by  means  of  hypodermic  injections  of  co- 
caine, eucaine,  or  stovaine,  is  rarely  indicated.  The  operation  can,  unquestion- 
ably, often  be  performed  under  local  anaesthesia,  but  all  these  drugs  possess  certain 
poisonous  properties  which  are  apt  to  upset  the  patient's  functions  quite  as 
much  as  does  a  general  anaesthetic,  and  moreover  the  nervous  strain  to  which 
the  conscious  patient  is  subjected  during  the  half-hour's  operation,  has  a  very 
decided  depressing  influence  on  the  average  American.  It  is  very  questionable 
whether  the  shock  from  local  anaesthesia  is  not  greater  than  that  caused  by 
a  well-administered  general  anaesthetic.  Spinal  anaesthesia,  with  stovaine  or 
possibly  magnesium  sulphate,  is  in  rare  cases  permissible,  but  it  should 
be  employed  in  exceptional  cases  only — cases,  for  example,  in  which  the 
condition  of  the  lungs  or  kidneys  seems  absolutely  to  cantra-indicate  chloro- 
form or  ether. 

The  Incision. — On  account  of  the  varying  positions  of  the  appendix  the  sur- 
geon should  not  be  wedded  to  any  one  incision.  In  a  general  way,  the  attitude 
of  the  appendix  is  as  follows: — 

Downward  and  inward  .     22     per  cent.      Outward    1      per  cent. 

Downward 12     per  cent.      Downward  and  outward       0.5  per  cent. 

Inward ,  .  .  .       7     per  cent.      In  the  pelvis    1.5  per  cent. 

Upward  and  inward  ...      29     per  cent.      Retrocsecal    19     per  cent. 

Upward  and  outward  .  .        8     per  cent. 

The  best  incision  is  one 
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(a)  which  gives  the  readiest  access  to  the  appendix,  especially  to  its  base; 

(b)  which  divides  and  injures  the  fewest  muscle  fibres; 

(c)  which  divides  and  injures  the  fewest  nerves; 

(d)  which  affords  the  best  opportunity  for  drainage;   and 

(e)  which  affords  the  greatest  security  against  hernia. 

No  one  special  incision  is  suitable  for  all  cases.  An  incision  which  is  good 
for  the  average  case,  may  be  a  poor  one  for  some  special  cases.  The  surgeon 
will  do  better  w^ork  through  an  incision  which  he  has  been  in  the  habit  of  mak- 
ing, than  through  one  with  which  he  has  had  little  experience.  The  best  in- 
cisions are  those  which  avoid  division  of  the  inner  layer  of  the  abdominal  muscles. 
These  muscles  should  be  either  split  by  blunt  dissection  or  temporarily  dis- 
placed.    The  most  popular  and  most  advantageous  incisions  are: 

1.  The  McBurney  or  gridiron  or  intermuscular  incision. 

2.  The  Kammerer  or  Battle  incision. 

It  is  understood,  of  course,  that  a  direct  incision  in  an  oblique  direction 
through  all  layers  of  the  abdominal  muscles  may,  in  exceptional  cases,  be  ad- 
visable, but  for  an  experienced  or  skilful  surgeon  this  necessity  rarely  arises. 
With  such  an  incision,  when  drainage  is  not  required,  the  result  will  be  fairly 
good;  but,  if  drainage  be  employed,  there  is  a  considerable  liability  of  hernia. 
Some  surgeons  still  employ  the  old  incision  at  the  outer  border  of  the  rectus 
muscle,  but  in  cases  where  drainage  is  needed,  there  is  danger  of  future  hernia. 
A  better  incision  is  one  which  splits  in  a  vertical  direction  the  right  rectus 
muscle;  but  even  this  does  not  give  the  strongest  protection  against  hernia. 
Such  an  incision,  however,  is  very  convenient  in  cases  where  there  is  a  question 
of  diagnosis  between  a  cholecystitis  and  an  appendicitis,  or  perhaps  a  pan- 
creatitis. A  short  incision  of  this  character  can  be  first  made  at  9,  compromise 
point,  and  then,  when  the  exact  diagnosis  has  been  made,  it  can  readily  be  ex- 
tended upward  or  dovraward  according  to  circumstances.  There  are  other 
useful  incisions,  but,  practically,  they  are  but  modifications  of  those  already 
mentioned.  In  the  large  majority  of  cases  of  appendicitis,  w^hether  acute, 
subacute,  or  chronic,  the  choice  should  lie  between  the  McBurney  and  the 
Kammerer  incisions.  They,  undoubtedly,  best  fulfil  the  quahfications  already 
mentioned.  The  choice  will  depend  on  the  individual  operator.  One  surgeon 
will  do  better  work  through  the  McBurney  and  another  through  the  Kammerer 
incision.     (See  page  123  et  seq.) 

For  the  3"oung  or  inexperienced  operator  the  incision  at  the  outer  edge  of, 
or  through,  the  right  rectus  muscle,  is  perhaps  the  safest.  He  will  be  able  more 
easily  to  recognize  and  handle  the  various  structures.  The  incision  which 
ranks  next,  so  far  as  readiness  of  view  and  ease  of  access  are  concerned,  is  the 
Kammerer.  This  can  be  made  as  extensive  as  necessary,  w^hereas,  if  the 
McBurney  incision  be  employed,  there  are  limitations  to  its  length;  and  yet, 
even  with  this  incision,  if  the  sheath  of  the  rectus  muscle  be  opened,  a  large 
exposure  can  be  obtained.  For  the  inexperienced,  the  Kammerer  incision 
is  the  easier  and  safer  of  the  two.  It  is  also  to  be  preferred  w^hen  one  is  deal- 
ing with  a  certain  group  of  cases — cases  where  the  diagnosis  is  uncertain.     For 
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example,  where  there  is  doubt  as  to  whether  an  appendicitis  or  a  pyosalpinx 
will  be  found,  the  Kammerer  incision  affords  an  admirable  exposure  of  both 
these  conditions.  In  the  opinion  of  many  surgeons,  however,  the  McBurncy 
incision  is  considered  the  better  one  for  the  usual  case  of  appendicitis.  The 
closure  of  the  wound  can  certainly  be  made  very  perfect,  and,  in  case  of  drainage, 
there  is  probably  the  smallest  chance  for  the  development  of  hernia.  Perhaps, 
however,  more  skill  and  delicacy  of  touch  are  needed  than  is  the  case  when  the 
Kammerer  incision  is  employed. 

Which  incision  is  the  favorite?  It  is  difficult  to  answer  this  question.  In 
our  Eastern  States  the  McBurney  is  perhaps  the  most  popular.  In  the  Western 
States  it  does  not  appear  to  enjoy  the  same  popularity.  In  Europe  many  sur- 
geons are  still  clinging  to  the  incision  at  the  outer  edge  of,  or  through,  the  right 
rectus  muscle. 

The  length  of  the  incision  varies  according  to  the  judgment  or  skill  of  the 
individual  operator.  The  main  requirement  is  that  the  incision  shall  be  suffi- 
ciently long  to  enable  the  surgeon  safely  to  manipulate  the  different  tissues. 
The  inexperienced  operator,  other  qualities  being  equal,  needs  a  longer  incision 
than  does  the  experienced.  The  beginner  should  never  handicap  himself  with 
a  short  incision.  One  operator,  with  a  two-inch  incision,  will  perform  equally 
as  good  an  operation  as  will  another  with  a  three-inch  or  even  a  four-inch  in- 
cision. On  the  other  hand,  the  incision  should  never  be  made  unnecessarily 
long.  This  is  especially  true  at  the  beginning  of  the  operation.  An  incision 
of  moderate  length  (say,  two  inches)  should  first  be  made.  If  this  prove  in- 
sufficient, it  can  be  lengthened,  and— more  than  this — its  enlargement  can 
be  made  in  the  direction  where  it  is  most  needed.  An  appendix,  or  at  least  a 
part  of  the  organ,  may  be  situated  at  some  distance  from  the  normal  position. 
If  a  long  incision  has  been  made,  according  to  rule  it  may  have  to  be  still  further 
lengthened,  in  order  to  bring  the  pelvis  or  loin  within  reach;  and  it  will  only 
then  be  seen  that  an  inch  or  more  at  the  other  end  might  have  been  omitted. 
Of  course,  the  advantages  of  a  long  incision  are  evident.  The  whole  operative 
field  lies  exposed  under  the  eyes  of  the  surgeon.  He  is  not  hampered  by  work- 
ing through  a  narrow  opening.  He  can  see  the  various  steps  of  his  operation. 
He  can  utilize  both  sight  and  touch  for  the  recognition  of  different  tissues  or 
structures.  He  can  more  easily  guard  against  the  escape  of  pus,  and,  should 
there  be  deep  hemorrhage,  he  can  more  easily  secure  the  bleeding  vessels.  The 
disadvantages  of  the  long  incision  are  the  unnecessary  division  of  nerves  and 
cutting  of  muscle  fibres.  The  nerve  injury  is  of  great  importance,  so  far  as  the 
strength  of  the  abdominal  wall  is  concerned.  That  part  of  a  muscle  which  is 
deprived  of  its  nerve  supply  is  apt  to  atrophy,  and  there  results  a  weakened 
and  thinned  aponeurosis,  or  a  flabby  muscle — conditions  which  allow  either 
a  bulging  outward  of  that  portion  of  the  abdominal  wall  or  the'  formation  of  a 
true  hernia.  Either  of  these  results  is  a  source  of  great  discomfort  to  the  pa- 
tient, and  is  apt  to  reflect  discredit  on  the  surgeon.  The  cosmetic  result  is 
also  not  to  be  disregarded.  Some  patients,  especially  females,  are  very  particu- 
lar in  this  respect,  and  they  are  very  apt  to  select  the  surgeon  who  has  the 
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reputation  of  performing  appendicectomy  through  a  small  incision.  To  pre- 
vent unnecessary  disfigurement,  the  incision  in  the  skin  should  never  be  longer 
than  that  through  the  nuiscles.  The  plates  in  books,  describing  operations, 
necessarily  show  the  skin  incision  longer  than  the  opening  through  the  muscles. 
This,  however,  is  for  illustrative  purposes  only.  The  length  of  the  incision  in 
acute  appendicitis  should  vary  from  two  to  four  inches.  A  slight  extension 
in  either  direction  beyond  these  limits  may  be  advisable.  In  thin  patients  the 
incision  does  not  need  to  be  as  long  as  is  required  in  cases  where  there  is  much 
adipose  tissue  in  the  abdominal  wall.  An  appendix  that  projects  itself  forward 
can  be  removed  through  a  shorter  incision  than  is  required  for  an  appendix 
which  occupies  a  post-csecal  position.  An  appendix  which  lies  external  to  the 
ca^-cum  can  also  be  removed  through  a  shorter  incision  than  is  required  for  an 
appendix  which  lies  far  down  in  the  pelvis,  or  far  backward  and  upward  toward 
the  loin.  The  length  of  incision  required  in  interval  operations  should  vary 
from  one  and  a  half  to  three  inches.  Slight  abridgments  or  extensions  of  these 
limits  may  be  advisable,  according  to  the  length,  position,  or  adherence  of  the 
appendix.  If  there  be  a  long  appendix,  stretching  up  five  or  six  inches  beyond 
the  caecum,  and  adherent  throughout  its  entire  length,  it  may  be  necessary 
to  extend  the  incision  farther  upward  and  outward  toward  the  loin.  In  mod- 
erately lean  patients  the  primary  incision  should,  as  a  rule,  be  not  longer  than 
two  inches.     Later,  this  can  be  lengthened,  if  necessary,  in  either  direction. 

McBurney's  Operation. — McBurney's  operation  is  also  called  the  inter- 
muscular or  gridiron  operation.  The  skin  incision,  which  varies  in  length  from 
one  to  three  inches,  is  oblique,  and  ''crosses  a  line  drawn  from  the  anterior 
iliac  spine  to  the  umbilicus,  nearly  at  right  angles,  about  one  inch  from  the 
iliac  spine,  and  is  so  situate'd  that  its  upper  third  lies  above  that  line."  Such 
is  McBurney's  original  direction.  The  exact  location  must,  however,  be  some- 
what varied  according  to  the  position  of  the  appendix.  It  is  often  advisable 
to  place  it  a  half-inch  or  so  nearer  the  median  line,  and  entirely  below  the  im- 
aginary line  from  the  spine  to  the  umbilicus.  On  the  other  hand,  it  may  be 
wise  to  start  the  incision  well  above  the  iliac  spine.  An  incision  corresponding 
in  length  and  direction  should  then  be  made  in  the  aponeurosis  of  the  external 
oblique  muscle,  including  some  of  the  muscle  fibres.  If  possible,  this  muscle 
should  be  divided  by  blunt,  dissection,  rather  than  cut.  The  retraction  of  the 
edges  of  this  gap  exposes  the  internal  oblique  muscle,  whose  fibres  run  almost 
at  right  angles  to  the  cut  or  gap  in  the  external  muscle.  By  blunt  separation 
of  the  fibres  of  the  internal  oblique  and  transversalis  muscles,  a  gap  is  made 
corresponding  in  length  to  the  opening  in  the  external  oblique,  but  at  right 
angles  to  it.  This  separation  of  the  fibres  can  be  made  by  the  thin  handle 
of  the  scalpel,  the  closed  scissors,  or  a  periosteal  elevator.  It  is  only  in  very 
exceptional  cases  that  any  cutting  is  needed.  The  edges  of  the  internal 
oblique  having  been  retracted,  the  transversalis  fascia  is  exposed  and  divided, 
and  finally  the  section  of  the  peritoneum  is  made  in  the  same  direction.  Should 
more  operating  space  be  required  toward  the  median  line,  the  sheath  of  the 
rectus  muscle  can  be  cut  for  a  half-inch  or  more.     This  will  make  it  possible  to 
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draw  the  rectus  muscle  inward,  and  thus  ample  room  will  be  secured  for  the 
most  complicated  operation,  provided  the  appendix  be  not  situated  toward  the 
loin.  In  the  latter  case  the  split  in  the  muscle  can  be  continued  upward  and 
backward  to  an  extent  sufficient  to  meet  almost  any  peculiarities  of  the  case. 
The  wound  is  closed  by  a  continuous  catgut  suture  of  the  peritoneum  and 
trans versalis  fascia.  The  separated  fibres  of  the  internal  oblique  muscle  are 
then  allowed  to  return  to  their  natural  position.  They  do  this  promptly,  and 
in  such  a  perfect  manner  that  it  may  be  difficult  to  recognize  where  the  split 
occurred.  It  is  better,  however,  not  to  trust  to  this  mere  approximation  of 
the  edges,  but  to  secure  their  close  apposition  by  one  or  two  catgut  stitches, 
which,  however,  are  to  be  tied  so  loosely  that  they  cannot  destroy,  by  strangu- 
lation, any  of  the  muscle  fibres.  The  edges  of  the  divided  sheath  of  the  muscle 
should  be  approxima-ted  with  special  care.  The  edges  of  the  external  oblique 
aponeurosis  should  then  be  held  in  apposition  by  either  continuous  or  inter- 
rupted sutures  of  whatever  material  the  operator  prefers. 

The  Kammerer-Battle  Incision. — The  Kammerer-Battle  incision,  which  is 
vertical,  varies  from  two  to  four  inches  in  length,  and  runs  an  inch  or  so  inter- 
nally to  the  right  semilunar  line.  (See  Plate  L.)  It  extends  no  deeper  than 
through  the  skin  and  lays  bare  the  sheath  of  the  rectus  muscle,  which  is  divided 
near  its  transverse  centre,  to  a  length  corresponding  to  that  of  the  skin  incision. 
The  rectus  muscle  is  now  pulled  inward  and  strongly  retracted  toward  the 
median  line.  The  posterior  sheath  of  the  rectus  and  the  transversalis  fascia 
are  then  divided  exactly  opposite  the  line  along  which  the  anterior  sheath  of 
the  muscle  is  divided.  The  peritoneum  is  opened  in  the  same  vertical  direc- 
tion. The  deep  epigastric  artery  and  vein  are  often  seen,  but  they  should  be 
retracted  downward  and  not  divided.  The  wound  is  closed  by  a  continuous 
catgut  suture  that  includes  the  peritoneum,  the  transversalis  'fascia,  and  the 
posterior  sheath  of  the  rectus.  The  latter  muscle  is  then  allowed  to  fall  back 
into  place,  completely  covering  the  line  of  suture.  If  the  retraction  has  rendered 
the  muscle  lax,  so  that  it  does  not  incline  to  remain  in  place,  a  single  light  cat- 
gut stitch  may  be  inserted.  The  anterior  sheath  of  the  rectus  is  then  sutured 
with  interrupted  or  continuous  sutures  of  plain  or  chromicized  catgut,  accord- 
ing to  the  choice  of  the  operator. 

There  are  various  other  incisions  which  bear  the  names  of  specific  surgeons. 
Such  are,  for  example,  the  Fowler,  the  Sonnenberg,  the  Boux,  the  Morris,  and 
others  still;  but  all  are  practically  but  slight  modifications  of  one  or  other  of 
the  two  incisions  already  described,  or  of  the  straight  incision  along  the  right 
semilunar  line. 

If  the  incision  has  been  wisely  located  the  csecum  will  generally  be  seen, 
when  the  peritoneum  is  opened,  lying  directly  beneath  the  wound.  Sometimes, 
however,  a  coil  of  the  small  intestine  will  be  found  overlapping  the  cisecum. 
When  this  occurs  the  intestine  must  be  pushed  gently  toward  the  median  line 
by  some  blunt  instrument  or  by  a  soft  sponge  or  a  pad  of  gauze.  In  cases  of 
general  enteroptosis,  the  ascending  colon  may  be  the  part  of  the  bowel  first  seen. 
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If  this  bo  so,  it  shoukl  be  gently  manipulated  upward  toward  its  proper  position. 
Sometimes  the  right  lower  corner  of  the  omentum  may  rest  across  the  caecum, 
and  when  this  condition  exists  the  omentum  nnist  be  pushed  to  one  side. 

Adherent  Omentum. — In  cases  whcir  there  has  been  considerable  inflamma- 
tion around  the  appendix,  the  omentum  may  be  found  adherent  to  the  ciecum 
or  to  the  wall  or  floor  of  the  right  pelvis.  When  this  condition  exi.sts  the  omen- 
tum nuist  be  cautiously  loosened  from  its  connections,  great  care  being  takeii 
that  pus,  which  has  been  confined  by  the  adhesions,  may  not  be  unexpectedly 
released.  If  the  peritoneum  be  fastened  to  a  hard  inflammatory  mass,  the  sur- 
rounding region  should  be  protected  by  strips  or  pads  of  gauze,  and  sponges  on 
holders  should  be  held  in  readiness  to  absorb  any  escaping  pus.  As  a  rule, 
the  omentum  can  be  safely  loosened  without  fear  of  bleeding.  After  it  has  been 
separated  from  its  attachments,  however,  there  ^^'ill  generally  be  a  few  bleeding 
points  which  require  ligation.  If  the  loosened  edge  is  much  thickened,  and 
especially  if  it  has  been  fastened  to  the  wall  of  an  abscess,  it  is  \\iser  to  amputate 
well  beyond  the  thickened  portion.  If  it  be  but  a  thin,  ribbon-like  process, 
■without  much  fat,  one  ligature  (best  of  catgut)  may  suffice,  but  often  the  organ 
must  be  divided,  for  purposes  of  safe  ligation,  into  three  or  four  portions.  Great 
care  should  be  taken  in  doing  this,  as  serious  hemorrhages  from  ligated  omental 
stumps  have  occasionally  occurred.  After  hgation,  the  omental  stumps  can  be 
left  l}^ng  outside  the  abdomen,  covered  by  a  hot  wet  towel,  until  the  close  of  the 
operation,  or  they  may  *be  at  once  returned  and  pressed  out  of  the  operative 
field  b}'  gauze  compresses. 

The  Search  for  the  Appendix. — Occasionally  no  search  is  necessary,  some 
part  (generally  the  tip  of  the  organ)  presenting  itself  as  soon  as  the  peritoneum 
is  di^^ded.  Its  mesentery  can  then  be  grasped  in  an  artery  forceps  and  the 
whole  organ  be  gradually  and  gently  drawn  up  through  the  wound.  In  acute 
cases,  however,  even  when  the  appendix  is  clearly  seen,  it  is  better  to  protect 
the  surrounding  regions  \sdth  gauze,  in  case  of  an  unexpected  rupture  occurring 
during  the  act  of  extraction.  Before  the  organ  can  be  completely  extracted,  it 
may  be  necessary  to  hgate  and  divide  its  mesenteiy .  It  is  seldom,  however,  that 
the  appendix  can  be  so  easily  identified;  indeed,  in  the  majority  of  cases,  pa- 
tience and  skill  are  needed  in  the  search.  Occasionally,  the  difficulty  of  rec- 
ognizing the  organ  is  very  great,  and  much  time  may  be  expended  before  it  can 
be  discovered.  It  is  best  first  to  exhaust  the  sense  of  sight.  By  dra\\-ing  the 
edges  of  the  wound  in  different  directions,  and  at  the  same  time  gently  man- 
ipulating the  caecimi  with  a  pad  of  gauze,  one  can  often  recognize  some  portion 
of  the  appendix.  This  should  at  once  be  seized  by  the  fingers.  AMien  the 
appendix  is  not  quickly  recognized,  the  index  finger  should  be  inserted  and 
should  be  made  to  explore  in  all  directions  in  the  hope  that  it  may  discover  an 
inflammatory  mass  or  abscess.  If  a  mass  of  any  size  should  be  discovered, 
it  is  wise,  before  begiiuiing  an  investigation  of  its  nature  and  relations,  to  sur- 
round it  completely  with  gauze.  A  cautious  separation  of  the  component 
parts  of  the  mass  ^ill  probably  reveal  the  appendix.  During  this  investigation 
great  care  should  be  taken  to  catch  in  sponges  or  gauze  pads  any  escaping 
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septic  material.  The  component  parts  of  the  mass  can  be  separated,  the  one 
from  the  other,  1)}'  the  fingers,  b}'  gauze  sponges,  or  Ijy  the  closed  scissors. 
When  neither  the  appendix  nor  an  inflammatory  mass  can  be  readily  seen  or 
felt,  it  is  best,  in  acute  cases,  slightly  to  enlarge  the  wound,  so  that  a  wider 
view  of  the  ca^cal  region  may  be  obtained.  In  chronic  cases,  this  is  generally 
unnecessary,  for  a  sensitive  finger  should  nearly  always  recognize  the  appen- 
dix, even  if  it  lie  deeply  in  the  pelvis  or  behind  the  csecum.  In  the  tactile  search 
the  index  finger  should  at  once  be  carried  downward  toward  the  pelvis,  and 
then,  skirting  the  right  pelvic  wall,  it  should  cautiously  feel  its  way  upward 
to  the  base  of  the  caecum.  During  this  manoeuvre  some  part  of  the  appendix 
can  often  be  felt.  If  the  effort  fails,  the  finger  ma}^  then  be  carried,  first  around 
the  external  and  then  around  the  internal  wall  of  the  caecum.  If  the  finger 
fails  to  identify  the  appendix,  either  below,  externally,  or  internally,  it  may 
then  be  assumed  that  this  structure  probably  lies  beyond  the  caecum.  It  must 
then  be  gradually  raised  up,  so  that  its  posterior  surface  may  be  carefully  in- 
spected or  palpated.  A-VTien  there  is  difficulty  in  finding  the  appendix,  it  must 
be  borne  in  mind  that  the  longitudinal  bands  converge  to  forai  its  wall.  By 
following  the  anterior  band,  the  base  of  the  appendix  should  be  reached.  This 
rule  is  often  of  great  service;  but,  unfortunately,  in  the  most  difficult  cases 
the  appendix  is  so  much  displaced  and  there  is  so  much  new  inflammatory 
tissue  that  the  rule  is  not  always  practically  serviceable. 

Delivery  of  the  Appendix. — When  any  portion  of  the  appendix  has  been 
recognized,  it  is  generally  not  difficult  to  trace  the  proximal  and  distal  portions. 
In  acute  cases  the  entire  organ  should  be  surrounded  by  gauze,  so  as,  in  the  event 
of  a  rupture  of  its  walls,  to  prevent  escape  of  its  contents.  In  chronic  cases  no 
such  precaution  is  necessary.  If  the  appendix  be  non-adherent,  its  mesentery 
should  be  seized  near  the  tip,  in  an  artery  forceps,  and  drawn  up  as  far  as  possi- 
ble through  the  wound.  The  appendix  itself  should  never  be  grasped  by 
clamps  or  forceps,  as  such  seizure  may  tear  its  coats,  and  allow  of  leakage.  If 
it  is  but  slightly  adherent,  the  finger  or  a  gauze  pad  can  be  made  gently  to 
separate  the  adhesions.  If  the  base  of  the  appendix  has  been  first  discovered, 
it  may  be  necessary  to  pull  upward,  by  gentle  manipulation  with  the  fingers 
or  a  gauze  pad,  the  remainder  of  the  organ.  If  it  be  very  adherent,  the  course 
just  suggested  may  be  found  inadvisable,  and,  instead  of  beginning  the  sepa- 
ration of  its  mesentery  near  the  tip,  one  may  more  easily  effect  its  detachment 
by  beginning  near  the  base,  a  series  of  artery  clamps  being  applied,  one  after 
the  other,  to  the  bleeding  vessels.  The  final  separation  of  the  appendix  from 
its  mesentery  can  be  accomplished  by  a  single  ligature  applied  in  such  a 
manner  as  to  include  the  entire  breadth  of  the  mesenteiy.  It  is  often  pref- 
erable, however,  and  sometimes  quite  important,  to  clamp  the  blood-vessels ' 
separately,  the  necessary  number  of  artery  forceps  thus  being  employed  to 
control  the  mesenteric  hemorrhage.  If  the  appendix  be  more  or  less  non-ad- 
herent, the  identification  of  the  blood-vessels  is  easy;  if  it  be  adherent,  it  may 
be  necessary  to  divide  the  thickened  and  shortened  meso-appendix  before 
clamping  the  vessels.     But,  if  these  can  be  identified  and  if  there  be  suflEicient 
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room,  it  is  better  carefully  to  catch  each  vessel  and  to  divide  the  mesentery, 
step  by  step,  until  the  appendix  hangs  free.  Occasionally,  it  may  be  so  inti- 
mately adherent  to  the  cipcal  wall,  and  so  plastered  to  it  by  lymph,  that  its 
recognition  is  very  (lifficult.  Under  sucli  ciiciiinstances  considerable  gentle 
tearing  of  the  adhesions  or  the  enveloping  sheet  of  peritoneum  may  he  necessary 
before  the  organ  can  be  enucleated.  In  cases  where  it  lies  high  up  behind  the 
ca^'um,  the  mesentery  may  be  entirely  absent,  and  under  such  circumstances 
the  enveloping  sheet  of  peritoneum  must  be  divided  and  the  appendix  freed. 
When  a  mesentery  is  lacking,  and  where  repeated  attacks  have  produced  much 
inflammatory  exudate,  a  long  search  may  be  necessary  before  the  organ  can  be 
identified  and  removed.  This  concealment  may  prove  very  troublesome,  not  only 
when  the  appendix  lies  behind  the  csocum,  but  also  when  it  is  tucked  in  between 
the  ileum  and  the  caecum,  or  indeed  when  it  occupies  almost  any  position,  pro- 
vided it  is  plastered  closely  against  the  caecum,  beneath  layers  of  either  fresh  or 
old  inflammatory  exudate.  In  certain  cases  the  appendix  may  be  so  adherent 
to  adjacent  tissues  that  it  must  be  enucleated  from  its  peritoneal  coat,  the 
latter  being  in  whole  or  in  part  left  behind,  in  the  position  in  which  it  was  found 
firmly  adherent  to  neighboring  structures.  The  organ  will  then  be  delivered 
without  its  serous  coat.  While  such  a  course  is  not  necessary,  it  is  sometimes 
much  wiser  to  resort  to  this  manoeuvre  than  to  attempt  to  dig  out  its  peritoneal 
covering,  as  this  may  be  so  intimately  adherent  to  the  caecum,  ileum,  or  some 
other  portion  of  the  intestine,  that  there  will  be  danger  of  tearing  the  bowel 
wall  or  of  so  impairing  its  vitality  that  a  faecal  fistula  may  later  result. 

Amputation  of  the  Appendix. — The  appendix  should  be  separated  from  its 
mesentery  down  to  its  very  base.  All  bleeding  vessels  in  the  latter  should  first 
have  been  secured.  If  clamps  have  been  employed  for  this  purpose,  the  ligation 
may  be  done  at  once  or  postponed  till  after  the  amputation  of  the  appendix. 
There  are  numerous  methods  of  treating  the  stump.  The  surgeon  who  is  ac- 
customed to  one  good  method,  and  is  satisfied  with  it,  will  probably  get  better 
results  if  he  generally  confines  himself  to  this  and  does  not  try  new  and  uncer- 
tain methods.  No  one  method,  however,  can  be  indicated  as  suitable  for  all 
cases.    The  surgeon  should  be  familiar  with  the  technique  of  at  least  two  methods. 

(a)  Amputation  of  the  Appendix  by  Means  of  the  Ligature  and  Cauterj^ — 
The  appendix  being  held  up,  a  catgut  ligature  (No.  1  is  best)  is  tied  around 
its  base  close  to  its  origin  from  the  caecum.  The  ends  left  long  are  held  by  an 
assistant.  A  piece  of  gauze  is  spread  over  the  caecum;  it  completely  surrounds 
the  base  of  the  appendix  below  the  ligature.  The  appendix  is  clamped  a  half- 
inch  or  so  above  the  ligature.  It' is  then  divided  by  scissors  or  the  cautery. 
If  scissors  be  used,  they  must  immediately  be  cast  aside  as  unclean.  The  stump 
now  projects  about  a  quarter  of  an  inch  above  the  ligature.  This  stump  is 
slowly  cauterized  until  only  a  very  thin  layer  of  burnt  tissue  projects  above 
the  ligature.  It  is  often  wise  then  to  tie  the  base  with  another  ligature  in  the 
same  groove  as  the  first,  and  to  touch  the  charred  stump  a  second  time  with 
the  black  cautery,  which  should  be  allowed  to  cool  gradually.  For  cauteri- 
zation of  the  stump,  white  or  red  heat  should  never  be  employed.     For  the 
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safe  adoption  of  this  method  the  point  should  be  at  black  heat.  It  will  be  seen, 
upon  examination  of  the  parts,  how  but  a  tiny  layer  of  charred  tissue  lies  above 
the  ligature.  Instead  of  the  heat  cautery,  some  surgeons  use  carbolic  acid  for 
cauterization.     To  the  writer  this  method  seems  inferior. 

(5)  Amputation  of  the  Appendix  by  Means  of  the  Purse-string  Suture  and 
Inversion. — The  base  of  the  appendix  can  be  surrounded  by  a  very  fine  catgut 
ligature  or  compressed  between  the  blades  of  an  artery  clamp.  A  purse-string 
suture  is  next  inserted  in  the  serous  coat  of  the  caecum,  around  the  base  of  the 
appendix,  and  perhaps  a  third  of  an  inch  beyond  it.  The  appendix  is  then  cut 
or  tied  off,  leakage  from  its  distal  point  being  prevented  by  the  pressure  of  a 
clamp.  About  a  quarter  of  an  inch  of  stump  should  remain.  This  is  held  by 
an  assistant  in  the  grasp  of  one  or  two  anatomical  forceps,  and,  as  he  inverts 
the  stump,  the  purse-string  suture  is  tied,  a  minute  dimple  alone  being  seen 
afterward  in  the  outer  wall  of  the  caecum:  One  or  two  Lembert  sutures,  to 
pucker  up  the  serous  coat  still  further,  may  be  then  inserted  if  desired. 

During  the  inversion  process  there  is  also  a  possibility  of  leakage  if  the  stump 
has  not  been  temporarily  closed  by  pressure  of  a  forceps.  If  the  technique  has 
been  properly  executed,  no  such  accidents  are  possible,  but  there  have  been 
several  cases  of  fatal  hemorrhage  from  stumps  treated  in  this  manner.  If  the 
ligature  and  cautery  method  is  improperly  carried  out,  leakage  may  also  occur 
from  the  stump,  either  from  slipping  of  the  ligature  or  from  too  deep  cauteri- 
zation.    Such  accidents,  however,  should  never  happen. 

(c)  Amputation  of  the  Appendix  by  the  Cuff  Method.— A  circular  incision 
through  the  peritoneal  coat  alone  of  the  appendix  is  made  at  a  point  about 
half  an  inch  above  its  base.  The  cuff  of  serous  membrane  is  then  dissected 
down  to  the  very  base.  Inside  the  cuff,  and  around  the  appendical  base  (minus 
its  peritoneal  coat),  is  tied  a  fine  catgut  ligature.  Above  this  ligature  the  appen- 
dix (mucous  and  muscular  coats)  is  then  divided,  leakage  being  prevented  in 
the  manner  already  described.  The  cuff  is  then  tied  or  sutured  over  the  stump, 
and,  if  desired,  an  additional  Lembert  suture  may  be  employed. 

It  is  difficult  to  express  a  decided  opinion  as  to  which  of  these  methods  is 
generally  the  best.  The  surgeon  should  be  familiar  with  all  of  them.  There 
are  still  other  methods  of  treating  the  stump— as,  for  example,  that  of  Dr. 
Deaver,  who  cuts  off  the  appendix  "  flush  with  the  caecum"  and  then  immediately 
closes  the  opening  in  the  caecum  by  two  rows  of  sutures— the  first  row  including 
the  serous,  muscular,  and  submucous  coats,  the  second  one  (Lembert)  the  serous 
coat  only.  The  two  methods,  however,  which  seem  the  simplest  and  safest 
are  the  two  first  described,  viz.,  the  ligature  and  cautery  method,  and  the 
purse-string  and  inversion  method.  There  is  considerable  difference  of  opinion 
as  to  which  of  the  two  is  to  be  preferred.  Theoretically,  the  first-mentioned  is 
supposed  to  be  unscientific,  as  it  leaves  a  small  surface  uncovered  by  peritoneum, 
and  possibly  some  protruding  mucous  membrane.  The  results,  however,  have 
been  so  satisfactory  that  many  surgeons  still  prefer  it  to  any  other,  and  the 
results  which  they  obtain  are  certainly  unsurpassed.  A  perfectly  smooth  cica- 
trix results.     The  cauterization  must,  however,  be  carried  out  most  carefully 
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and  thoroughly.  It  is  not  suital)l('  for  cases  where  the  appendix  has  a  very 
flaring  base  (so-called  oblicjue  origin).  The  purse-string  suture  is  in  such  cases 
more  appropriate.  On  theoretical  grounds,  it  is  certainly  the  most  perfect 
method,  and  the  practical  results  have  been  excellent.  Its  dangers  are:  the 
unduly  deep  insertion  of  the  needle,  as  it  is  passed  in  making  the  purse-string 
suture,  and  possibly  the  leakage  from  a  blood-vessel  or  the  wounding  of  such  a 
vessel. 

The  Operation  in  Suppurative  Appendicitis. — Some  one  of  the  incisions 
alread}'  described  should  be  selected,  and  the  location  of  the  abscess  should 
determine  where  it  is  to  be  made.  So  far  as  the  operation  is  concerned,  ap- 
pendical  abscesses  should  be  di\dded  into  two  classes:  those  which  are  adherent 
and  those  which  are  non-adherent  to  the  abdominal  wall. 

(a)  Adherent  Abscesses. — Careful  palpation,  aided  perhaps  by  percussion, 
will  generally  determine  to  which  particular  part  of  the  painful  peritoneum  the 
abscess  wall  adheres.  An  appropriate  incision  should  be  made  directly  over 
the  adherent  area.  The  peritoneum  will  be  found  much  thickened,  and  a  con- 
siderable thickness  also  of  inflammatory  exudate,  which  forms  the  wall  of  the 
abscess,  must  often  be  perforated  before  pus  is  reached.  Entrance  to  the  ab- 
scess should  be  made  most  cautiously,  for  fear  of  wounding  an  adherent  coil 
of  intestine.  This  procedure  is  carried  out  without  entering  the  general  peri- 
toneal cavity.  The  opening  should  be  at  first  veiy  small,  so  that  any  sudden 
gush  of  pus  may  be  avoided,  as  the  collapse  of  the  walls  of  the  abscess  following 
such  a  gush  might  result  in  their  separation  from  the  parietal  peritoneum,  and 
possibl}''  also  in  the  escape  of  pus  in  this  direction.  The  pus  should  be  care- 
fully caught  on  sponges  or  gauze  pads.  Occasionally  the  tension  is  so  great 
that  the  purulent  fluid  may  spurt  out  through  the  small  opening  with  consid- 
erable force.  After  the  abscess  has  been  slowly  and  cautiousl}"  emptied,  the 
opening  in  its  wall  ma}-  be  enlarged  and  the  cavity  carefuUy  sponged  dry. 
Search  is  then  made  for  the  appendix.  If  any  part  of  it  can  be  seen  or  felt,  it 
should  be  removed.  If  it  can  not  be  discovered,  it  is  often  best  to  desist  from 
the  attempt  to  remove  it.  This  can  be  more  safely  accomplished  at  a  later  date, 
—say,  in  from  t^^■o  to  four  v.Teks, — when  at  the  same  time  the  abdominal  mus- 
cles can  be  completely  sutured.  Irrigation  of  the  ca\ity  is  inadvisable,  as  leak- 
age into  the  general  cavity  of  the  peritoneum  and  infection  ma}'  result.  The 
abscess  cavity,  however,  should  be  carefully  sponged  diy.  In  all  cases  drainage 
of  the  abscess  cavity  is  advisable.  For  this  purpose  a  medium-sized  perforated 
rubber  drainage  tube  is  generally  best.  Two  may  be  needed.  If  the  cavity 
be  verj'  large,  and  especially  if  the  appendix  has  not  been  removed,  some  loose 
packing  with  gauze  is  often  of  advantage.  Should  a  faecal  fistula  develop,  this 
packing  will  protect  the  neighborhood.  If  the  abscess  has  a  deep  location 
toward  the  loin,  a  counter-opening  just  above  the  crest  of  the  ilium,  near  or  a 
little  back  of  its  middle  line,  is  often  of  great  advantage,  and  may  ward  off 
the  development  of  a  secondary  abscess  in  this  region.  In  females,  if  the  ab- 
scess be  situated  deep  in  the  pelvis,  a  counter-opening  through  the  vagina  will 
often  prove  of  ser\dce.     The  amputation  of  the  appendix  is  sometimes  attended 
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with  considerable  difficulty.     The  base  of  the  appendix,   down  to  its  ciccal 
attachment,  may  be  partially  or  completely  gangrenous,  and  even  the  csecal 
wall  for  some  further  distance  may  be  very  friable.     A  brittle  layer  of  lymph, 
perhaps  in  a  sloughing  condition,  covers  the  area  about  the  appendical  base. 
The  tissues  are  so  friable  that  sutures  tear  out.     No  stump  can  be  formed. 
The  opening  in  the  csecal  wall  left  by  removal  of  the  appendix  may  be  difficult  to 
reach.     The  edges  are  not  only  friable  but  may  be  very  much  thickened.     No 
rules  can  be  given  for  the  closure  of  these  troublesome  openings.     Lembert 
sutures  of  catgut  should  be  employed  to  bring  together,  as  closely  as  possible, 
the  serous  surfaces.     Layers  of  poorly  nourished  lymph  may,  however,  inter- 
fere   with    satisfactory    approximation.     The    adjoining    tissues    (mesenteries, 
omentum,  the  epiploic  appendices,  and  the  layers  of  lymph)  may  be  utilized 
to  aid  in  strengthening  and  reinforcing  the  suture  line.     If,  in  the  event  of 
the  appendix  not  being  removed,  it  is  planned  to  do  so  at  a  later  date,  there 
is  not  much  need  for  suturing  the  wound  unless  it  be  very  extensive.     A  loose 
gauze  packing,  and  perhaps  partial  approximation  of  the  edges  of  the  wound 
with  a  loose  stitch,  will  suffice  to  restrain  the  intestines.     If,  however,  the 
appendix  has  been  removed,  as  much  of  the  abdominal  wound  should  be  closed 
by  suture  as  is  considered  safe  by  the  surgeon.     Generally,  it  can  be  closed  quite 
tightly  around  the  drainage  tube.     One  or  two  provisional  sutures  of  silk  may 
be  inserted  through  skin  and  external  oblique  muscle,  but  they  should  be  left 
untied.     The  subsequent  local  treatment  must  vary  somewhat  according  to 
the  amount  and  virulence  of  the  discharge.     Generally,  forty-eight  hours  can 
safely  elapse  before  the  dressing  will  have  to  be  changed.     By  that  time,  if  the 
discharge  is  moderate  in  amount,  the  tube  may  sometimes  be  entirely  removed, 
and  in  its  place  a  thin  wick  of  gauze,  that  reaches  down  just  through  the  ab- 
dominal wall,  may  be  inserted.     Generally,  however,  the  discharge  is  so  free 
that   early  removal  of  the  tube  is  inadmissible.     The  wound  should  then  be 
irrigated  with  normal  salt  solution,  and  the  tube  should,  perhaps,  be  slightly 
shortened.     This  process  should  be  repeated  daily,  the  tube  being  shortened 
as  rapidly  as  possible.     If  gauze  has  been  inserted,  unless  the  discharge  is  very 
abundant,  it  will  adhere  so  closely  that  considerable  pain  will  be  caused  by  its 
removal.     It  is  generally  better  to  leave  it  undisturbed  for  about  four  days,  and 
even  then  it  may  be  necessary  to  administer  gas  for  its  extraction.     When  the 
tube  or  the  original  gauze  strip  has  been  removed,  one  or  both  of  the  (?)  csecal 
sutures  may  be  tied  and  the  wound  completely  closed,  with  the  exception  of 
a  small  crack,  through  which  a  tiny  sliver  of  gauze  or  rubber  tissue  may  be 
inserted. 

(6)  Non-adherent  Abscesses. — The  general  peritoneal  cavity  is  entered 
as  soon  as  the  peritoneum  is  incised.  The  abscess  may  be  situated  not  far  from 
the  abdominal  wall,  or  it  may  be  deep  down  toward  the  pelvis  or  the  loin.  The 
adjacent,  and  perhaps  overlapping,  intestinal  coils  should  be  gently  pushed  aside, 
and  held  back  by  gauze  pads.  These  should  be  so  arranged  that  they  will 
form  a  surrounding  wall  on  all  sides  of  the  abscess,  and  thus  protect  the  adjacent 
intestines  and  neighboring  structures  from  the  pus  which  may  escape  when  the 
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abscess  is  opened.  This  oi)ening  should  be  done  most  carefully.  The  wall 
of  the  abscess  will,  in  part  at  least,  be  formed  by  adherent  intestinal  coils  and 
probably  omentum.  These  should  be  cautiously  separated,  the  one  from  the 
other,  and  sponges  or  gauze  pads  should  be  in  readiness  to  absorb  the  pus  as  it 
escapes.  The  further  technique  of  the  operation  is  similar  to  that  described 
in  the  preceding  paragraph. 

Closure  of  the  Wound. — The  first  requisite  of  a  cicatrized  wound  is  that  it 
be  strong  and  sufficiently  firm  to  resist  any  tendency  to  future  hernia.  It  is 
of  course  assumed  that  the  wound  in  clean  cases  will  pureue  an  aseptic  course. 
The  cicatrix  should  also  be  as  short  and  neat  as  possible.  There  are  various 
methods  of  closing  a  wound,  any  one  of  which  will  give  an  excellent  result. 
The  separate  suturing  of  the  different  la}-ers  is  unquestionably  the  best  method. 
The  special  technique  will  depend  somewhat  on  the  nature  of  the  incision.  As 
a  rule,  the  peritoneum  should  be  closed  by  a  continuous  suture  of  catgut.  If 
McBurney's  operation  has  been  chosen,  the  incision  in  the  internal  oblique 
should  be  closed  by  one  or  two  interrupted  catgut  sutures,  loosely  tied  so  as 
not  to  constrict  the  muscle  fibres.  The  closure  of  its  fascia  is  rather  important, 
and,  if  the  muscle  be  thin,  this  alone  may  be  sufficient  without  passing  the  su- 
tures through  the  muscle  itself.  The  external  oblique  is  then  closed  by  either  a 
continuous  or  an  interrupted  suture  of  catgut.  By  many,  chromicized  cat- 
gut is  preferred,  or  at  least  a  catgut  that  will  last  for  not  less  than  ten  days. 
It  is  often  of  advantage,  with  the  object  of  preventing  "dead  space"  between 
the  skin  and  external  muscles,  to  grasp  both  of  these  structures  in  a  single  silk 
suture,  which  is  tied  on  the  skin  surface.  If  Kammerer's  incision  has  been 
employed  the  muscle  is  allowed,  after  the  peritoneum  and  the  posterior  sheath  of 
the  rectus  have  been  separately  sutured,  to  fall  back  over  this  suture  fine.  Its 
anterior  sheath  is  then  sutured  hj  strong  catgut.  Finally,  the  suturing  of 
the  skin  is  made  according  to  the  choice  of  the  operator.  Whatever  method 
be  employed,  the  tissues  should  never  be  strangulated  by  sutures  drawn  too 
tightly.  Space  should  always  be  allowed  for  swelHng.  It  is  always  good 
policy  not  to  leave  noticeable  suture  marks  in  the  skin.  Deeply  indented  cross 
lines  are  but  rarely  justifiable.  They  indicate  too  tight  suturing.  In  purulent 
eases  it  is  wiser  to  abstain  from  the  use  of  buried  chromicized  catgut  or  of  any 
other  material  which  is  not  quickly  absorbed.  Retention  sutures  of  silk  or  silk- 
wonn  gut,  passed  through  the  skin  and  external  muscle,  are  a  great  safeguard. 
These  should  not  be  mimediately  tied,  but  should  rather  be  left  in  position 
ready  for  use  in  approxunating  the  edges  of  the  wound  when  suppuration  has 
practically  ceased. 

Removal  of  the  Appendix  through  a  Nephropexy  Incision. — The  combination 
of  appendicitis  and  movable  kidney  is  so  common  that  the  necessity  often  arises 
for  an  operation  which  shall  relieve  both  conditions.  The  question  then  -uill 
be.  Shall  two  separate  incisions  be  made,  or  shall  the  appendix  be  removed 
through  the  nephropexy  incision  in  the  loin?  This  must  be  decided  by  the  shape 
and  size  of  the  patient,  the  location  and  adhesions  of  the  appendix,  and  the 
skill  of  the  operator.     The  appendix  can  unquestionably  often  be  removed 
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with  safety  through  the  posterior  wound,  but  rarely  with  ease.  In  a  certain 
proportion  of  patients  it  will  prove  to  be  rather  a  difficult,  and  perhaps  even 
a  dangerous,  procedure.  In  about  one  patient  in  three  the  operation  will  be 
comparatively  easy;  in  perhaps  another  third  it  will  be  possible  but  difficult; 
and  in  the  remainder  it  will  be  dangerous  or  impossible.  Belonging  to  this 
latter  class  are  patients  who  have  deep  narrow  pelves  and  adherent  appendices 
which  reach  down  tow^ard  the  base  of  the  pelvis.  As  a  rule,  the  operation  is 
much  more  difficult  in  men  than  in  women.  The  removal  of  the  appendix 
is  performed  by  drawing  the  edges  of  the  lower  end  of  the  nephropexy  incision 
forward  so  as  to  expose  the  peritoneum  on  the  inner  side  of  the  descending 
colon.  An  opening  is  made  of  such  a  size  that  it  will  admit  two  fingers  into 
the  peritoneal  cavity.  The  C2ecum  is  then  dragged  upward,  and  the  operator's 
finger  feels  for  the  appendix.  It  may  be  necessary  to  draw  a  considerable  por- 
tion of  the  caecum  out  through  the  wound  before  the  appendix  can  be  reached. 
If  the  base  be  first  found,  and  the  remainder  refuses  to  come  into  sight  when 
gentle  traction  is  employed,  it  is  wiser  to  desist  in  the  attempt  to  remove  the 
organ  through  the  lumbar  incision.  If,  however,  it  comes  easily  into  view, 
the  details  of  its  removal  will  be  those  already  described.  After  the  amputa- 
tion of  the  appendix  the  caecum  is  pushed  back  into  place,  and  the  peritoneal 
wound  is  sutured.  The  &,ppendicectomy  should  of  course  precede  the  kidney 
fixation.  The  operation  is  one  not  to  be  attempted  by  the  young  or  inexperi- 
enced operator.  As  a  rule,  it  seems  wiser,  in  the  majority  of  cases  demanding 
both  operations,  to  plan  an  anterior  incision  for  the  appendix  and  a  posterior 
one  for  the  kidney. 

After-Treatment. — General  rules  may  be  g'iven,  but  the  peculiarities  of  each 
case  must  be  carefully  considered.  As  a  rule,  rest  in  the  dorsal  position  for 
the  first  twenty-four  hours  should  be  recommended.  This  does  not,  however, 
forbid  a  slight  tilting  of  a  shoulder  or  a  hip,  and  the  patient  is  generally  most 
comfortable  when  the  knees  are  flexed  over  a  pillow.  After  twenty-four  hours 
have  elapsed  the  patient  can  generally  with  safety  be  turned  on  the  side.  There 
is  great  difference  of  opinion  as  to  the  length  of  time  during  which  the  patient 
should  be  confined  to  bed.  The  limits,  in  clean,  non-drained  cases,  are  from 
five  to  twenty  days.  Of  course,  some  extremists  extend  these  limits  in  one 
or  the  other  direction.  A  fair,  and,  it  seems  to  the  writer,  a  wise  period  for 
confinement  to  bed  is  from  twelve  to  fourteen  days  in  clean  cases.  In  cases 
that  have  been  drained,  a  week  or  two,  or  even  longer,  may  usually  be  added 
to  these  figures.  It  is  not  always  necessary  to  confine  patients  to  bed  till  the 
sinus  be  closed;  but,  when  there  is  progressive  healing,  this  will  advance  more 
rapidly  if  the  patient  remain  quiet.  If  the  sinus  become  sluggish  and  refuses 
to  heal,  a  moderate  amount  of  movement  in  the  fresh  air  may  increase  the 
vital  activity  of  the  tissues.  It  should  always  be  borne  in  mind  that  it  is  not 
so  much  the  too  early  abandonment  of  the  bed  that  is  injurious,  as  it  is  the 
yielding  to  the  ever-present  temptation  of  too  great  activity  when  one  is  re- 
leased from  the  confines  of  the  sick-room.  As  has  already  been  mentioned, 
the  upright  position  'advocated  by  Fowler  is  of  the  greatest  benefit  in  suppura- 
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tive  cases.  This  should  bo  continiUHl  for  four  or  five  days,  and,  as  a  rule,  it  is 
not  disliked  by  the  patient. 

^'arious  disorders  may  arise  during  convalescence,  and  these  we  will  consider 
briefly  in  the  following  paragraj^hs. 

Pain. — In  the  majority  of  cases,  a  hypodermic  injection  of  a  small  dose  of 
codeine  or  morphine  is  indicated  innnediately  after  the  operation.  Codeine 
is  preferable  to  morphine.  After  this  first  hypodermic  it  is,  as  a  rule,  wise  to 
abstain  from  the  use  of  morphine.  If  its  administration  be  continued  a  tem- 
porary desire  for  the  drug  will  be  established,  and,  as  a  result,  peristalsis  becomes 
sluggish,  flatulent  distention  is  apt  to  be  troublesome,  and  the  digestion  is  often 
impaired.  It  may,  however,  be  advisable  to  continue  the  use  of  codeine  in 
small  doses  for  several  days.  The  administration  of  sodiimi  bromide  by  rectal 
enemata  is  often  of  great  benefit  in  nervovis  patients.  One  drachm  may  be 
given  in  six  ounces  of  water,  every  eight  or  ten  hours. 

Disturbance  of  the  Gastro-Intestinal  Tract. — As  soon  as  the  ether  vomiting 
has  ceased  water  in  small  quantities  may  be  allowed.  The  amount  should  be 
gradually  increased.  As  a  rule,  it  is  wiser  to  limit  the  patient  to  water  during 
the  first  twenty-four  hours.  If  the  stomach  is  then  quiet,  hot  broths  may  be 
allowed.  It  is  wiser  not  to  give  milk  (except  to  children)  until  gas  has  been 
freely  passed.  A  certain  amount  of  intestinal  paresis  is  always  caused  by  the 
opening  of  the  abdomen  and  the  handling  of  the  intestines.  This  persists  gen- 
erally for  twenty-four  hours  and,  if  morphine  has  been  given,  for  probably  a  longer 
time.  In  the  ordinary  case  no  effort  should  be  made,  for  a  day  or  two  at  least, 
to  excite  peristalsis,  and  for  this  reason  no  irritating  drinks  (lemonade,  orange- 
ade, etc.),  should  be  permitted.  If  the  patient  complains  of  thirst  or  shows 
signs  of  poor  circulation,  small  rectal  enemata  of  salt  solution  (from  six  to 
eight  ounces)  may  be  advantageously  given  every  six  or  seven  hours.  In 
septic  cases  these  enemata  should  be  begun  immediately  after  the  operation 
and  should  be  regularly  administered  for  several  days.  As  soon  as  the  bowels 
have  moved,  soft  diet  may  be  begun.  A  cathartic  should  be  given  on  the  third 
or  fourth  day,  unless  contra-indicated  by  some  good  reason — as,  for  example, 
the  fear  that  an  intestinal  fistula  may  develop  or  that  the  peritonitis  may 
spread.  If  frequent  saline  enemata  have  been  employed,  the  bowels  will  often 
move  without  the  use  of  drugs ;  but,  if  there  be  no  fsecal  movement  on  the  third 
or  fourth  day,  it  is  wise  to  administer  an  efficient  cathartic.  Calomel,  in  very 
small  repeated  doses,  is  popular  and  generally  efficacious.  An  average  dose 
is  one-eighth  of  a  grain  with  one  grain  of  sodium  carbonate,  to  be  given  every 
hour  or  so  up  to  a  total  of  ten  doses';  this  to  be  followed  by  a  saline  cathartic 
and  also,  if  necessary,  by  an  enema. 

Local  Measures. — In  non-drained  cases  five,  six,  or  seven  days  may  be  al- 
lowed to  elapse  before  the  wound  is  examined.  Should  there,  however,  be 
elevation  of  temperature  or  severe  pain  at  any  time,  the  wound  should  be  in- 
spected. In  cases  which  have  been  drained,  the  time  when  the  wound  will 
require  to  be  freshly  dressed  must  necessarily  vary.  If  a  small  cigarette  drain, 
for  instance,  has  been  employed,   tliis  may  be   completely  removed  in  from 
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twenty-four  to  thirty-.<ix  hours:  or  the  greater  part  of  it  may  be  then  extracted 
and  only  a  small  portion  of  its  length  left  in  situ— just  sufficient  to  pass  through 
the  abdominal  wall.  In  its  place,  if  it  be  entirely  removed,  it  may  be  judicious 
to  insert  a  tiny  sliver  of  rubber  tissue.  If  a  considerable  amount  of  gauze  has 
been  introduced,  it  is  wise  to  wait  four  or  five  days  before  the  attempt  is  made 
to  remove  it.  Inasmuch  as  the  object  of  introducing  the  gauze  was  probably 
to  wall  off  a  septic  focus  or  to  protect  a  weak  spot  of  the  csecal  wall,  this  delay 
is  advisable.  If  a  rubber  tube  has  been  used,  this  may  be  gradually  shortened, 
jDerhaps  to  the  extent  of  half  an  inch  daily.  If,  however,  there  be  much  thick 
purulent  discharge,  it  may  be  necessary  to  drain  the  ca\dty  for  a  considerable 
period  of  time ;  irrigation  -wdth  salt  solution  being  carried  on  each  day  through 
a  soft  catheter  which  passes  to  the  bottom  of  the  wound.  It  is  not  wise,  as  a 
rule,  to  drain  by  means  of  a  tube  for  longer  than  a  fortnight,  as  a  sinus  might 
be  thus  fonned  which  would  be  sluggish  in  healing.  In  most  cases,  after  from 
ten  to  fourteen  days,  a  small  strip  of  gauze  may  advantageously  be  substituted 
for  the  tube.  In  deeply  situated,  large  abscess  ca\dties,  however,  tube  drainage 
may  be  needed  for  a  longer  period  than  two  weeks. 

B.   Treatment   of   Chronic  Appendicitis. 

The  treatment  of  chi'onic  appendicitis  is  removal  of  the  appendix  by  means 
of  operation.  If  the  appendix  be  not  removed  there  is  the  constant  danger  of 
an  acute  attack,  which  event  demands  operation  under  less  favorable  circum- 
stances. The  patient  is  resting  on  the  verge  of  a  precipice,  and  any  slight  in- 
discretion, whether  of  diet,  of  exposure  to  cold,  or  of  mental  strain,  may 
precipitate  an  acute  attack.  Operation  is  especially  urgent  if  the  patient  lives 
far  from  a  surgical  centre,  or  if  he  be  a  traveller  in  out-of-the-way  places,  or 
in  uncivihzed  countries.  .An  acute  attack,  under  these  circumstances,  will  be 
attended  with  the  gi'eatest  discomfort  and  probably  with  great  risk.  Operation, 
during  the  so-called  "cold  stage,'-'  is  advisable,  not  only  because  of  the  increased 
dangers  involved  by  an  operation  during  an  acute  attack,  but  also  because  it 
^Aill  rescue  the  patient  from  his  condition  of  discomfort,  poor  health,  and  per- 
haps semi-invalidism.  In  certain  cases,  neither  the  discomfort  experienced 
nor  the  risk  of  an  acute  attack  is  great,  and  yet  the  mental  condition  is  one  of 
perpetual  fear  and  dread;  and  therefore,  on  this  account  alone,  it  may  be  ad- 
visable to  operate,  even  if  we  do  not  feel  absolutely  certain  that  the  appendix 
is  the  important  factor  in  the  case.  The  appendix  is  a  practically  useless  organ, 
and  its  removal,  under  favorable  conditions,  is  attended  with  but  the  slightest 
amount  of  risk.  For  these  reasons  a  patient  who  is  suspected  to  have  chronic 
appendicitis  wiU  be  better  off  if  he  be  operated  upon  than  if  he  be  allowed  to  drift 
into  a  condition  of  nervous  invalidism.  The  younger  the  patient,  the  gi'eater 
the  necessity  for  operation.  The  l5miphoid  tissue,  which  is  so  prone  to  in- 
flammatory changes,  is  exceedingly  abundant  in  the  appendix  of  the  young. 
After  the  age  of  thirty-five  it  begins  to  disappear.  This  fact  should  be  kept 
in  mind  when  one  is  considering  the  indications  and  contra-indications  of  opera- 
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tion, — for  contra-indications,  though  rare,  do  I'xi.st.  In  the  case  of  middle-aged 
people,  who  have  for  yeai"s  been  subject  to  mild  attacks  lasting  but  a  day  or  so, 
and  where  the  severity  of  each  attack  is  steadily  diminishing,  operation  may 
not  be  absolutely  necessary,  inasmuch  as  the  chances  of  the  complete  ol)lit- 
eration  of  the  appendix  are  decidedly  good.  It  is  especially  in  the  feeble,  or 
in  patients  with  organic  disease,  that  this  probability  should  be  considered. 
The  question  presents  itself,  Which  involves  the  greater  danger — an  appen- 
dicectomy  or  the  risk  of  a  severe  attack?  If  the  decision  should  be  against 
operation,  the  patient  should  be  warned  that  he  must  submit  to  careful  dieting, 
and  that  he  must  never  travel  out  of  the  reach  of  surgical  aid.  In  the  case  of 
tuberculosis  it  is  often  a  difficult  problem  to  decide  which  is  the  better  course 
to  adopt — an  operation,  or  reliance  on  the  proper  hygienic  and  climatic  sur- 
roundings. If  the  patient  be  young,  and  if  the  appendix  be  a  source  of  constant 
irritation  to  mind  and  bod)',  or  if  it  disturb  digestion  to  such  a  degree  that  it 
rendere  difficult  the  task  of  conferring  upon  the  tissues  such  a  measm-e  of  strength 
that  they  can  successfully  resist  the  bacilli  of  tuberculosis,  it  is  undoubtedly 
wiser  to  remove  the  offending  organ.  If,  on  the  other  hand,  the  patient  has 
reached  middle  age,  if  he  be  veiy  feeble,  or  if  other  tuberculous  foci  are 
rapidly  developing,  then,  under  these  conditions,  it  is  generally  wiser  not  to 
run  the  risk  of  an  anaesthetic  and  of  a  laparotomy  -^ith  its  attending  confine- 
ment and  lowering  of  ^^tality.  Of  course,  under  these  circumstances,  the  opera- 
tion can  be  performed  under  local  anaesthesia,  A^ith  cocaine,  eucaine,  or  stovaine, 
but  even  then  the  shock  to  the  patient  \\'ill  be  considerable.  Spinal  anaesthesia, 
with  stovaine,  is  also  to  be  considered,  but  its  advisability  is  doubtful.  The 
pereonal  equation  and  the  surroundings,  both  social  and  financial,  must  all 
be  taken  into  account,  and  the  decision  must  largely  be  based  on  the  compara- 
ti^'e  dangers  of  the  two  plans  of  treatment.  We  must  not  forget  that  the  ap- 
pendix ma}^  be  a  focus  from  which  may  arise  a  general  tuberculous  peritonitis, 
and,  if  conditions  be  such  that  an  outdoor  hygienic  life  is  not  possible,  then, 
unless  some  other  organ  be  seriously  diseased,  the  tuberculous  appendix  should 
be  removed. 

C.   The   Removal  of  the    Appendix  whex   xot   Diseased. 

The  removal  of  the  appendix  in  all  infra-mubilical  laparotomies  is  advo- 
cated by  all  surgeons  when,  in  the  course  of  a  low  laparotomy,  performed  for 
other  lesions,  the  organ  is  found  either  acutely  or  chronically  diseased.  Shall 
it  be  removed  if  perfectly  normal?  Tliis  question  is  answered  differently  by 
different  surgeons.  The  patient's  permission  should  always  have  been  ob- 
tained m  advance.  Without  this,  the  surgeon  may  make  himself  Hable  for 
damages.  The  social  surroundings  and  the  habits  and  residence  of  the  patient 
should  be  considered  in  tliis  connection.  Perhaps  one-third  of  surgeons  advise 
the  removal  of  the  appendix  whenever  it  can  be  reached  readily  through  the 
abdominal  wound,  provided  that  the  patient  is  in  perfecth'  good  condition  to  with- 
stand the  extra  strain.  The  other  two-thirds  fomiulate  no  rule  on  this  subject. 
The  choice  should  be  largely  based  on  the  personal  -fishes  of  the  patient. 
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D.   Appendicitis   in   Pregnancy. 

When  an  appendicitis  occurs  at  any  stage  of  pregnancy  it  is  a  very  trouble- 
some complication.  Its  diagnosis,  in  far-advanced  pregnancy,  is  not  always 
easy.  The  enlarged  uterus  may  prevent  direct  palpation  of  the  appendical 
region.  If  a  patient  is  subject  to  attacks  of  appendicitis,  pregnancy  rather 
increases  this  tendency.  Should  an  attack,  even  if  very  mild,  occur  at  any 
time  during  pregnancy,  the  probabilities  are  strong  that  there  will  be  relapses 
before  the  pregnancy  terminates.  A  susceptible  appendix  may  be  easily  stirred 
up  to  fresh  inflammation  by  the  tugging  of  the  enlarging  uterus,  or  especially 
by  the  traumatism  to  which  it  is  liable  during  labor.  The  prognosis  is  rendered 
more  serious  because  of  the  pregnancy.  The  mortality  of  appendicitis  during 
pregnancy  has  been  more  than  double  that  of  the  uncomplicated  disease.  Op- 
eration is  invariably  indicated.  The  earlier  in  the  pregnancy  that  the  attack 
and  operation  occur,  the  better  the  chances  of  the  patient.  During  the  late 
months  of  pregnancy  it  is  often  a  very  difficult  operation.  Unless  the  patient 
is  allowed  to  become  septic,  or  to  develop  a  general  peritonitis,  interruption 
of  the  pregnancy  is  the  exception.  In  about  one  case  in  every  eight  or  ten  it 
is  to  be  expected  that  abortion  will  follow  the  operation.  If  possible,  it  is  well 
to  avoid  drainage  of  the  abdominal  wound,  on  account  of  increased  liability 
to  hernia. 

E.   Post-operative   Disorders. 

Post-operative  Thrombosis  (Phlebitis). — By  this  is  meant  the  phlebitis 
which  arises  in  patients  who  give  no  sign  of  sepsis.  Such  a  phlebitis  occurs, 
generally,  between  the  fifth  and  thirteenth  days  after  the  operation.  The  pa- 
tient may  have  had  a  perfectly  reactionless  convalescence — no  elevation  of  tem- 
perature, no  pain,  no  blood  changes.  Suddenly,  a  thrombotic  plug  fills  an 
important  venous  trunk.  There  are  many  theories  to  account  for  this  accident. 
Perhaps  the  most  popular  is  the  one  which  attributes  the  phlebitis  to  some 
mild  septic  infection.  This  does  not,  however,  seem  probable,  for  it  is  often 
in  the  most  aseptic  cases  that  this  unfortunate  compHcation  occurs.  It  has 
been  attributed  to  poor  circulation,  to  the  effect  of  the  anaesthetic  on  the  inner 
coat  of  the  veins,  to  traumatism  of  the  veins  by  retractors  at  the  time  of  opera- 
tion, etc.  The  most  reasonable  theory,  perhaps,  is  that  which  maintains  that 
a  clot  in  the  deep  epigastric  vein  is  dislodged  and  is  carried  along  until  it  plugs 
an  important  vein.  One  or  other  of  the  femoral  veins  is  the  usual  site  of  the 
thrombosis,  the  right  side  being  involved  almost  twice  as  often  as  the  left,  and 
both  veins  being  affected  about  once  in  twenty  cases.  This  complication  fol- 
lows operation  in  from  one  to  two  per  cent  of  the  cases.  It  is  a  most  unfortunate 
and  annoying  affection.  The  danger  to  life  is  very  slight,  and  yet  a  portion 
of  the  clot  may  be  dislodged  and  plug  some  vessel  in  the  lung  or  brain,  or  in- 
deed in  any  other  organ.  The  occurrence  of  the  thrombosis  often  springs  out 
of  a  perfectly  clear  sky,  and  the  patient  is  necessarily  confined  to  bed  for  another 
fortnight  or  longer. 
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AiuoiifA'  tho  symptoms  the  following  should  bo  montioncd: — There  is  pain 
along  the  course  of  the  femoral,  the  poi)liteal,  or  the  tibial  vein.  Most  frequently 
tenderness  in  Scarpa's  triangle  is  first  noted.  Occasionally,  there  may  be  a 
sharp  sudden  pain  in  the  back  of  Ihe  leg.  There  soon  follows  puffiness  of  th(3 
foot  and  ankle,  which  soon  extends  to  the  entire  lower  extremity.  For  a  few 
days  the  pain  is  quite  severe,  and  the  tenderness,  as  stated  above,  can  be  traced 
along  the  course  of  the  femoral,  the  popliteal,  or  the  posterior  tibial  vein.  A 
slight  rise  of  temperature  usually  accompanies  the  phlebitis;  from  100.5°  to 
102°  F.  being  quite  common.  Occasionally  there  -is  a  chill.  Enlarged  veins 
soon  become  apparent  on  the  dorsum  of  the  foot.  The  acute  symptoms  continue 
for  a  variable  length  of  time — in  mild  cases,  four  or  five  days;  in  severe  cases, 
two  or  three  weeks.  The  swollen  cord-like  femoral  vein  can  be  felt  through- 
out its  course.  Around  it,  in  Scarpa's  space,  is  often  felt  an  inflammatory 
exudate.  After  the  acute  symptoms  have  subsided  the  course  of  the  disease 
varies.  The  circulation  rapidly  improves,  and,  in  the  course  of  a  month,  the 
pain  and  tenderness  may  have  entirely  disappeared,  though  the  swelling  per- 
sists, under  the  most  favorable  circumstances,  for  several  months.  The  com- 
plete return  of  the  parts  to  a  normal  condition  is  unusual.  In  the  average  case 
the  pain  and  tenderness  do  not  entirely  disappear  for  two  or  three  months,  and 
there  remains  permanently  some  swelling  of  the  entire  lower  extremity.  In 
severe  cases,  a  certain  amount  of  disability  is  permanent,  by  reason  of  discom- 
fort and  swelling  when  the  erect  position  is  maintained  for  any  length  of  time. 
In  about  one-third  of  the  cases  of  femoral  phlebitis,  some  permanent  disability 
remains.  In  another  third,  there  is  practically  complete  recovery,  so  far  as 
function  is  concerned,  and  the  swelling,  which  is  apt  to  persist,  is  not  trouble- 
some. In  still  another  third  of  the  cases  discomfort,  in  greater  or  less  degree, 
persists  for  the  rest  of  the  patient's  life. 

The  treatment,  as  soon  as  symptoms  threaten,  should  be  absolute  rest  of  the 
affected  limb.  This  should  be  elevated  on  a  pillow.  Local  applications  are  of 
benefit  in  alleviating  pain.  Nothing  is  better  than  lead-and-opium  wash,  ap- 
plied to  the  limb  with,  perhaps,  an  ice-bag  in  the  groin.  Envelopment  of  the 
limb  in  cotton  is  of  but  little  value. 

Post-Operative  Pleurisy. — A  ''dry,"  non-septic  pleurisy  is  a  not  uncommon 
sequela  of  an  appendicectomy.  In  most  cases  it  develops  soon  after  the  opera- 
tion. As  a  rule,  it  is  not  serious,  and  its  duration  is  less  than  a  week.  A  septic 
pleurisy  may  arise  from  a  septic  infarct  of  the  lung,  or  by  infection  travelling 
through  the  lymphatic  vessels,  or  by  direct  extension  from  a  subphrenic  abscess. 

Post-Operative  Pulmonary  Thrombosis. — Pulmonary  thrombosis  is  one  of 
the  most  serious  accidents  which  the  surgeon  ever  encounters.  Happily  it  is 
not  common,  but  it  probably  results  in  about  one-fifth  of  one  per  cent  (0.02  per 
cent)  of  all  abdominal  operations.  For  one  reason  or  another  an  embolus  is 
loosened  from  some  clot,  is  carried  along  through  the  inferior  vena  cava,  and 
lodges  in  a  branch  of  the  pulmonary  artery.  If  the  circulation  is  completely 
blocked,  death  occurs  almost  immediately;  if  a  small  branch  only  is  plugged, 
the  symptoms  are  alarming,  but  not  necessarily  fatal.     Sudden  pallor,  extreme 
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difficulty  and  shallowness  of  respiration,  great  anxiety  and  distress  as  mani- 
fested in  the  countenance,  and  interference  with  the  circulation,  are  the  herald- 
ing symptoms. 

Post-Operative  Subphrenic  Abscess. — This  is  a  not  uncommon  sequela 
of  suppurative  appendicitis.  It  occurs  in  about  O.o  per  cent  of  the  cases  in 
which  suppuration  has  occurred  in  the  appendical  region.  The  subphrenic 
abscess  may  be  the  one  complication,  or  it  may  be  merely  one  of  several  second- 
ary abscesses.  It  nearly  always  develops  on  the  right  side  (ninety-five  per 
cent),  rarely  on  the  left  (four  per  cent),  and  still  more  infrequently  on  both 
sides  (1  per  cent).  The  route  along  which  the  infection  travels  is  usually  that 
of  the  lymphatics  (either  intra-  or  extra-peritoneal).  There  may,  however, 
be  a  direct  extension  of  a  suppurative  process  which  has  burrowed  upward 
along  the  loin.  Occasionally  the  disease  is  due  to  a  general  blood  infection. 
On  the  right  side,  the  abscess  lies  between  the  liver  and  the  diaphragm.  Rarely, 
the  pus  is  found  to  have  spread  behind  the  liver,  across  to  the  left  side.  Its 
situation  may  be  either  intra-  or  extra-peritoneal.  Subphrenic  suppuration 
may  develop  at  any  stage  of  the  appendicitis,  either  independently  of  or  follow- 
ing operation.  In  most  cases,  however,  it  appears  from  six  to  twelve  days  after 
the  operation;  but  several  weeks  may  elapse  before  it  is  finally  discovered. 

The  abscess  is  apt  to  develop  rather  insidiously.  Occasionally  there  may 
be  a  chill,  but,  more  frequently,  the  development  of  the  abscess  is  announced 
by  a  moderate  rise  of  the  evening  temperature.  Pain  is  not  apt  to  be  a  marked 
symptom .  The  patient  simply  becomes  more  septic .  The  temperature  is  sustained 
at  a  higher  point,  and  the  upward  curve  toward  evening  is  more  pronounced. 
The  tongue  remains  dry.  In  a  word,  the  patient  fails  to  improve.  In  a  case 
where,  for  some  days,  there  has  been  steady  improvement,  a  sudden  halt  in  this 
progress,  or  rather  a  retrograde  step,  should  make  us  suspect  a  subphrenic 
abscess,  if  at  the  same  time  it  is  evident  that  wound  drainage  is  not  faulty 
or  that  an  abscess  has  not  formed  in  the  loin.  The  physical  signs  are  apt 
to  be  indefinite.  At  an  early  stage  a  subphrenic  abscess  is  difficult  to  diagnose. 
A  flatness  on  one  side,  at  a  spot  where  it  should  not  be  found,  may  be  an  en- 
larged liver,  an  empyema,  or  an  abscess  between  the  diaphragm  and  the  liver. 
Later,  there  may  be  bulging  of  the  side.  Generally,  the  abscess  cannot  be 
recognized  without  the  proof  furnished  by  the  use  of  an  aspirating  syringe. 
Intraperitoneal  aspiration  is  never  justifiable;  indeed,  it  is  a  most  hazardous 
procedure.  But  the  thrusting  of  an  aspirating  needle  into  a  ''flat"  area  above 
the  liver  is  sometimes  justifiable.  If  it  enters  the  liver  the  chance  of  its  in- 
flicting injury  is  not  great.  If  it  enters  the  pleural  cavity  the  risk  of  harm  is 
somewhat  greater.  Aspiration  should  never  be  employed  unless  there  is  at 
hand  a  surgeon  who  can  immediately  follow  up  the  aspiration  with  an  incision; 
the  needle,  if  possible,  being  left  in  situ.  The  ordinary  hypodermic  needle  is 
useless:  one  of  larger  calibre  should  be  used.  Even  through  a  needle  of  this 
size  the  pus  may  be  too  thick  to  flow,  and  the  surgeon  must  never  be  deceived 
by  this  failure  to  draw  pus.  If  the  indications  point  to  suppuration,  a  "dry 
tap"  should  be  followed  by  an  exploratory  opening — one  large  enough  to  admit 
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a  finger.  The  technique  of  the  operation  is  described  elsewhere.  (See  Dr. 
Ransohoff'.'^  article  on  "  Intrathoracic  Surgery."  in  Yol.  VIII.^  Other  abscesses 
may  form  at  any  jjart  of  the  abdominal  cavity,  or  indeed — as  the  result  of  a 
general  infection — in  any  [nut  of  the  body.  The  mo.^t  connnon  situation  for 
such  abscesses,  after  those  already  described,  is  the  pelvis.  In  females  this 
cavity  may  be  opened  per  vaginani,  in  males  through  the  ischio- rectal  space. 
Rarely  does  an  abscess  develop  in  the  left  side  of  the  abdomen:  and,  if  it  does, 
it  is  generally  toward  the  pelvis.  Such  an  abscess  may  be  evacuated  by  one 
of  various  incisions.  An  abscess  may  also  ojjcn  into  the  bladder.  If  it  does, 
thorough  counter-drainage  will  usually  be  sufficient. 

Post-Operative  Hemorrhage. — Bleeding  from  the  stump  is  an  occasional 
accident.  It  is  due.  however,  to  faulty  techniciue.  to  a  failure  properly  to  apply 
the  ligature,  to  cauterization  of  the  vessel,  or  to  wounding  of  the  same  by  the 
needle  which  passes  the  purse-string  suture.  Hemorrhage  due  to  the  erosion 
of  the  larger  veins  is  a  rare  occurrence,  as  is  also  secondary  bleeding  from  sep- 
aration of  sloughs. 

Post-Operative  Fsecal  Fistula. — Fa'cal  fistula  is  a  complication  which  occurs 
in  perhaps  one  per  cent  of  patients  with  gangrenous  or  suppurative  appendi- 
citis. The  fa?cal  leakage  usually  manifests  itself  between  the  tliird  and  eighth 
da3'S.  The  amount  of  faecal  matter  which  escapes  through  the  wound  may 
be  veiy  small,  just  sufficient  to  stain  the  dressings  slightly:  or.  on  the  other 
hand,  most  of  the  intestinal  contents  may  escape  in  this  manner.  The  cause 
is  nearly  always  sloughing  of  the  appendical  stump  and  also,  perhaps,  of  the 
adjacent  ctecal  wall.  '\"\lien  the  vitality  of  the  appendical  base  has  been  par- 
tially destroyed  the  application  of  a  ligature  or  of  sutures  may  complete  the 
death  of  the  tissue,  and  as  a  result  there  is  established  an  opening  in  the  ca^cal 
wall.  As  has  already  been  stated,  when  the  entire  appendix  is  gangrenous 
the  adjacent  wall  of  the  bowel  is  apt  to  participate  in  the  sloughing  process. 
The  suturing  of  the  opening  is  unsatisfactory  on  account  of  the  friable  charac- 
ter of  the  Iwwel.  Then  infection  still  further  destroys  the  vitality,  and  there 
results,  instead  of  agglutination  of  the  sutured  surfaces,  a  further  sloughing 
process  invohing  the  csecal  wall.  The  duration  of  the  fa?cal  fistula  varies. 
Wlien  the  leakage  is  slight  it  may  cease  in  from  ten  to  fourteen  days.  AMien 
the  opening  is  large  the  leakage  may  continue  for  weeks  or  even  months.  As 
a  rule,  closure  generally  results,  but  there  are  cases  where  a  pennanent  fistula  per- 
sists. Such  pemianency  is  generally  due  to  the  eversion  of  a  bit  of  mucous 
membrane,  which  prevents  closure  of  the  gap  by  the  agglutinating  power  of 
the  serous  surfaces.  The  most  common  cause  is  the  failure  to  remove  the 
appendix  in  its  entirety.  A  small  portion  of  the  stump  has  been  left  attached 
to  the  ciecum.  and  beyond  the  ligature  or  suture  there  remains  a  rim  of  mucous 
membrane  which  protiTides  beyond  the  serous  coat.  If  this  has  happened 
through  some  fault  of  technique  or  through  the  unexpected  death  of  tissue,  a 
permanent  fistula  veiy  generally  results,  and  an  operation  will  be  needed  for 
its  cure.  The  discharge  from  such  a  fistula  is  generally  verj'  slight,  and  during 
the  greater  part  of  the  time  it  may  consist  of  mucus  alone.     There  are  occasions. 
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however,  when  a  small  amount  of  feces  will  form  a  part  of  the  discharge.  The 
latter  may  be  intermittent,  and  for  days  the  sinus  leading  to  the  bowel  opening 
may  apparently  close,  only  to  burst  open  with  an  extra  amount  of  discharge 
a  few  days  later.  Such  closures  may  cause  slight  pain  and  fever.  Occasionally, 
also,  a  second  or  even  a  third  opening  may  appear.  The  surgeon  should  know 
what  are  the  probabilities  of  spontaneous  closure  of  such  a  fistula.  If  the  dim- 
inution in  the  amount  of  discharge  is  progressive,  no  anxiety  need  be  felt  as  to 
the  ultimate  closure  of  the  fistula,  and,  as  long  as  this  diminution  continues, 
there  is  no  need  of  an  operation.  If,  however,  there  be  no  permanent  decrease, 
and  if  at  the  end  of  three  or  four  months  the  conditions  have  not  altered,  there 
is  but  little  chance  of  closure  of  the  fistula  without  resort  to  operation.  Six 
months  may  perhaps  be  mentioned  as  the  length  of  time  during  which  one  may 
properly  wait  for  Nature  to  exhaust  her  endeavors.  If  no  progress  be  recog- 
nizable during  this  period,  it  is  then  best  to  operate.  The  operation  consists 
in  the  inversion  of  the  pouting  mucous  membrane  by  means  of  a  purse-string 
or  Lembert  suture.  Success  is  very  probable,  but  it  is  hot  wise  to  guarantee 
closure  at  the  first  attempt.  Great  difficulties,  such  as  abnormal  thickness  of 
the  caecal  wall,  adhesions  and  twists  of  the  bowel,  may  stand  in  the  way  of  a 
successful  suturing. 


VII.  APPENDICOSTOMY. 

Appendicostomy  is  an  operation  devised  by  Robert  F.  Weir  for  the  purpose 
of  utilizing  the  appendix  as  a  means  of  flushing  the  colon  in  the  treatment  of 
obstinate  colonic  ulcerations,  especially  those  depending  on  processes  excited 
by  pathological  amoebfe. 

[For  further  consideration  of  this  topic  see  the  article,  at  the  end  of  this 
volume,  by  Drs.  Tuttle  and  Earle,  on  Surgery  of  the  Anus,  Rectum,  etc. 

List  of  a  Few  of  the  More  Recent  Publications  Relating  to  Diseases 
OF  THE  Vermiform  Appendix.* 

Burnam  (C.  F.):  Exhibition  of  Four  Appendices  Vermiformes  Showing 
Unusual  Pathological  Conditions,  (From  the  Service  of  Dr.  Kelly.)  Johns 
Hopkins  Hosp.  Bull.,  Bait.,  1904,  XV.,  137-140.— Kramer  (S.  P.):  Studies  in 
the  Pathogenesis  of  Appendicitis,  Amer.  Surg.,  Phila.,  1902,  XXXV.,  701-707, 
861. — Morris  (R.  T.):  Exhibition  of  Specimens  Illustrating  Each  Step  in  the 
Progress  of  Infective  Appendicitis,  Proc.  Phila.  Med.  Soc,  Phila.,  1904,  X\'., 
433-445. — Rolleston  (H.  D.):   Abnormal  Relation  of  the  Vermiform  Appendix 

*The  bibliography  of  the  pathology  and  treatment  of  diseases  of  the  vermiform  process  is 
very  extensive,  and  would  occupy  far  more  space  than  can  possibly  be  spared  for  it  in  the 
present  work.  We  have  thought  it  best,  however,  to  furnish  a  brief  list  of  the  most  important 
publications  on  the  subject  which  have  appeared  in  recent  years.  We  do  this  on  our  own  re- 
sponsibility, as  Dr.  McCosh's  death  occurred  within  a  very  few  days  after  he  had  completed  the 
main  portion  of  the  article. — The  Editors. 
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SURGICAL  DISEASES  AND  WOUNDS  OF  THE  INTES- 
TINES, OMENTUM ,  AND  MESENTERY. 

By  CHARLES  W.  OVIATT,  M.D.,  Oshkosh,    Wiscondn. 


I.   INTRODUCTORY  REMARKS  AND  GENERAL  DIAGNOSIS. 

The  intelligent  study  of  this  subject  implies  a  familiarity  with  the  anatom)'-, 
physiology,  pathology,  and  embryology  of  the  abdominal  viscera,  as  well  as  a 
good  working  knowledge  of  the  principles  governing  general  surgery.  Opera- 
tions upon  the  intestines  should  not  be  attempted  until  a  broad  experience  in 
general  surgery  has  been  attained. 

Methods  of  Diagnosis. — In  the  diagnosis  of  conditions  of  the  intestine 
demanding  surgical  intervention,  inspection,  palpation,  percussion,  and  auscul- 
tation may  be  made  use  of  in  the  external  examination. 

Inspection,  in  a  patient  with  a  thin  abdominal  wall,  may  reveal  distention, 
either  localized  or  general;  and  peristalsis,  either  normal  or  exaggerated,  may 
also  often  be  noted. 

By  means  of  palpation  the  large  bowel  may  frequently  be  outlined,  and  the 
presence,  characteristics,  and  mobility  of  tumors  may  be  determined.  Rectal 
or  vaginal  examinations  may  often  be  of  value,  and,  when  symptoms  point  to 
the  lower  abdomen,  they  should  never  be  omitted. 

Percussion  is  valuable  as  an  aid  in  determining  the  solid,  liquid,  or  gaseous 
contents  of  a  suspicious  swelling. 

Auscultation  may  be  of  value  in  ileus;  an  absence  of  sounds  being  noted 
in  the  dynamic  form,  and  an  increase  in  mechanical  ileus.  Succussion  sounds 
may  be  present  in  relaxed  viscera.  In  an  attempt  to  place  abdominal  auscul- 
tation upon  a  scientific  basis.  Dr.  W.  B.  Cannon  has  made  a  careful  study  of  the 
sounds  normally  heard  and  has  described  them  in  detail. 

Distention  of  the  colon  with  air  or  water  may  occasionally  aid  in  the  recog- 
nition of  a  pathological  condition,  but  it  has  not  the  value  that  was  formerly 
attached  to  it. 

After  a  most  careful  history  has  been  secured,  and  after  every  means  of  arriv- 
ing at  a  diagnosis  by  external  examination  has  been  exhausted,  it  will  often  be 
impossible  to  determine  the  character  or  extent  of  an  injury  or  a  pathological 
process  without  opening  the  abdomen.  AVhile  the  hasty,  reckless,  and  often 
useless  "exploratory  laparotomy"  of  the  untrained  is  to  be  deplored,  the  most 
erudite  and  experienced  surgeon  often  finds  himself  driven  to  this  expedient. 
This  is  especially  true  in  cases  of  severe  injury  due  to  external  violence  or  to  a 
stab  or  gunshot  wound,  when  there  is  reason  to  suspect  serious  damage  to  the 
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viscera.     It  is  in  these  cases  that  prompt  action  means  so  much  and  that  an 
operation  done  by  skilled  hands  may  save  a  life  that  would  otherwise  be  lost. 

After  the  abdomen  has  been  opened,  the  diagnosis  of  an  injury  or  patho- 
logical process  may  be  extremely  simple  or  exceedingly  difficult.  While  a  knowl- 
edge of  anatomy  and  of  the  normal  relations  of  parts  is  essential,  the  ability 
to  recognize  tissues  and  structures  in  a  distorted  i)athological  condition  is 
ecjually  important.  The  distinction  between  the  large  and  small  bowel  is 
usually  sufficiently  simple,  but  a  greatly  distended  small  intestine  covered  with 
an  exudate  may  render  the  decision  much  more  difficult.  The  localization 
of  a  loop  of  intestine  that  presents  itself  in  the  abdominal  wound  is  not  always 
easy,  and  to  determine  the  proximal  from  the  distal  end  may  require  that  it 


Fig.  261. — :A  Loop  of  Intestine,  the  Middle  of  whicli  is  Exactly  Three  Feet  from  the  End  of  the 
Duodenum.  The  bowel  is  of  large  size.  The  mesenteric  loops  are  primarj',  and  the  vasa  recta  large, 
long,  and  regular  in  distribution.  The  translucent  spaces  (lunettes)  between  the  vessels  are  extensive. 
Below,  the  mesentery  is  streaked  with  fat.  The  veins,  which  had  a  distribution  similar  to  that  of  the 
arteries,  are  for  simplicity  omitted  from  tliis  and  from  the  subsequent  drawings.  The  subject  from 
which  the  specimen  was  taken  was  a  male  of  forty  years,  with  ratlaer  less  than  the  usual  amount  of 
fat.  The  entire  length  of  the  intestine  was  twenty-three  feet.  (From  Monks,  in  Annals  of  Surgery, 
October,  1903.     J.  B.  Lippincott  Company,  Pliiladelphia,  Publishers.) 


be  passed  through  the  fingers  until  the  ileo-csecal  or  the  duodeno-jejunal  junction 
is  reached.  Monks,  who  has  made  a  most  careful  study  of  this  subject,  does  not 
believe  that  intestinal  localization  wiU  ever  become  exact,  but  he  presents  the 
following  points  as  approximate  aids : — • 

The  diameter  of  the  bowel  is  greater  above;  the  upper  part  of  the  small 
intestine  is  normally  thicker  than  the  lower;  the  upper  part  of  the  bowel  is  more 
vascular  and  of  a  brighter  color;  valvulse  conniventes,  which  can  always  be 
felt  and  sometimes  seen,  are  confined  to  the  upper  part  of  the  intestine.  The 
vessels  of  the  mesentery  are  rather  characteristic ;  at  the  upper  part  the  branches 
of  the  vasa  recta  are  given  off.  Lower  down  additional  loops  are  added  in  the 
mesentery,  and  still  lower  down  a  third  row  of  loops  is  added,  while  the  vessels 
themselves  are  much  smaller.  At  the  lower  end  of  the  ileum  the  mesenteric 
vessels  form  merely  a  reticulated  network.     (Figs.  261,  262,  263,  264.) 

The  difficulties  of  intestinal  locahzation  are  more  clearly  realized  when  we 
consider  the  variation  within  normal  limits  as  regards  length — viz.,  from  fifteen 
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to  thirty  feet;   the  position  which  these  organs  occupy  when  filled  or  empty; 
and  other  conditions. 

Moynihan  says  in  this  connection:  "It  is  more  than  probable,  however, 
that  during  health  there  is  a  constant  journeying  of  the  large  and  small  intestine 
from  one  part  of  the  abdomen  to  another,  and  that  two  loops  of  intestine  which 
at  one  moment  are  in  contact  may,  in  a  few  seconds,  be  widely  separated.  This 
is  shown  during  operations  for  gunshot  wounds.  Thus,  in  a  case  of  bullet 
wound  where  the 'shot  traversed  the  abdomen  directly  from  front  to  back,  a 
little  in  front  of  the  left  anterior  superior  spine  of  the  ilium,  the  jejunum  in  four 


Fig.  262. — A  Loop  of  Intestine  at  Six  Feet.  As  compared  with  that  shown  in  the  preceding  figure 
the  bowel  is  somewhat  smaller.  The  vascularity  of  the  intestine  and  its  mesentery  is  less.  Secondary 
loops  are  a  prominent  feature.  The  vasa  recta  are  smaller.  The  lunettes  are  also  present,  but  are  not 
so  large  as  in  Fig.  261.  The  subject  was  a  male,  about  35  years  of  age,  with  an  average  amount  of 
fat.  The  entire  length  of  the  intestine  was  twenty  feet.  (From  Monks,  in  Annals  of  Surgery,  October, 
1903.     J.  B.  Lippincott  Company,  Pliiladelphia,  Publishers.) 

places,  the  transverse  colon  in  two  places,  and  the  lower  end  of  the  sigmoid  were 
wounded." 

The  diagnosis  of  the  various  forms  of  peritoneal  inflammations,  injuries, 
and  pathological  conditions  of  the  intestines  will  be  discussed  under  their 
respective  headings. 


11.  CONGENITAL  ANOMALIES. 


That  congenital  anomalies  are  not  more  frequent  is  indeed  remarkable  when 
we  consider  the  evolution  of  the  complicated  alimentary  tract  from  the  straight 
primitive  tube  of  the  embryo,  as  is  shown  in  Figs.  265  and  266.  Failure  of  ro- 
tation and  arrest  of  development  account  for  many  of  the  congenital  anomalies 
which  occur.  That  these  anomalies  are  not  without  their  practical  bearing  upon 
the  surgery  of  these  cases  is  well  shown  by  a  case  reported  by  Mumford  in 
which  the  fixed  duodenum  ended,  not  on  the  left  side  of  the  spinal  column, 
but  on  the  right.  (Figs.  267  and  268.)  A  posterior  short-loop  gastro-enter os- 
tomy had  been  performed,  and  on  the  fifth  day  the  patient  died.  At  autops}^ 
it  was  found  that,  as  the  stomach  drained  and  became  smaller,  it  pulled  upon 
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the  afferent  loop  until  it  was  tightly  drawn  between  its  fixed  point,  the  liga- 
ment of  Treitz,  and  its  retracting  point,  the  gastro-intestinal  stoma,  at  which 
point  it  finally  gave  way  with  a  fatal  result.  Mumford  refers  to  the  obser- 
vation of  Professor  Dwight  of  Har\'ard,  who,  contrary  to  Gray,  Quain,  and 
Huntington,  found  that  the  fourth  portion  of  the  duodenum  is  in  front  of  the 
spinal  column,  or  even  slightly  to  the  right,  in  from  ten  to  twelve  per  cent  of 
adult  cases — a  fact  of  some  importance  to  the  surgeon  in  view  of  the  case  quoted 
by  ]\Iumford. 

Because  of  arrested  development  and  non-rotation  of  the  large  or  small 
bowel,  various  al^normalitios  of  position  may  occur.  The  complicated  develop- 
ment of  the  peritoneum  with  its  various  folds  between  the  visceral  and  parietal 


Fig.  26.3. — A  Loop  of  Intestine  at  Twelve  Feet.  The  vessels  are  smaller.  The  primary  loops  are 
lost  in  the  fat.  but  secondary  and  even  tertiary  loops  are  visible.  The  vasa  recta  are  shorter,  more 
irregular,  and  branching.  The  specimen  came  from  the  same  subject  wliich  furnished  Fig.  261.  (From 
Monks,  in  Annals  of  Surgery,  October,  1903.     J.  B.  Lippincott  Compan}^  Philadelphia,  Publishers.) 


layers  makes  possible  various  anomalies  in  the  formation  of  mesenteries.  For 
example,  that  portion  of  the  duodenum  which  is  usually  retroperitoneal  may 
have  a  mesentery,  or  the  upper  part  of  the  jejunum  may  have  none.  A 
meso-colon  may  be  expected  on  the  left  side  in  thirty-six  per  cent,  on  the  right 
side  in  twenty-six  per  cent. 

A  rare  but  confusing  anomaly  of  the  intestine  is  the  extension  of  the  longi- 
tudinal muscular  bands  from  the  large  bowel  for  a  longer  or  a  shorter  distance 
upon  the  small  intestine. 

Of  the  various  anomalies  of  the  intestine,  Meckel's  diverticulum  (Fig.  269) 
is  of  the  most  interest  to  the  surgeon,  because  of  its  frequency  and  clinical  im- 
portance. It  is  found  in  about  two  per  cent  of  bodies  examined.  Originally  it 
was  described  as  arising  always  from  the  ileum ;  hence  the  name  diverticulum  ilei. 
Its  usual  location  is  on  the  ileum  wdthin  two  feet  of  the  ileo-csecal  valve;  but  it 
may  arise  anywhere  in  the  ileum  or  jejunum,  or  even  in  rare  instances  from  the 
duodenum.  It  is  the  remnant  of  the  omphalo-mesenteric  duct.  Under  normal 
conditions  the  duct  becomes  entirely  obliterated,  but,  with  arrested  development, 
it  may  assume  various  shapes  and  dimensions.  In  length  it  may  vaiy  from  a 
slight  protuberance  to  a  tube  20  cm.  long,  its  average  length  being  from  2  to 
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5  cm.  In  width  it  may  vary  from  a  small  fibrous  band  up  to  a  diameter  almost 
equal  to  that  of  the  ileum.  All  the  coats  of  the  bowel  are  i)rcsent  and  the  luueosa 
may  contain  Peyer's  glands.  In  long  diverticula  there  may  be  a  mesenteri- 
olum;  but,  if  the  diverticulum  is  short,  this  is  usually  absent. 

The  diverticulmn  becomes  of  practical  importance  to  the  surgeon  by  caus- 
ing approximately  six  per  cent  of  the  cases  of  intestinal  obstruction.  (Halsted.) 
The  obstruction  is  usually  caused  by  a  loop  of  intestine  becoming  constricted 
beneath  the  diverticulum  which  has  its  extremity  fixed.  Obstruction  may 
also  be  caused  by  inflammation  of  this  structure  (diverticulitis).  Volvulus 
and  intussusception  are  frecjuently  caused  by  a  diverticulum;  or  the  bowel 
may  prolapse  into  an  open  diverticulum.  The  diverticulum  has  been  found  in 
both  umbilical  and  inguinal  hernise.     Cahier,  in  1906,  collected  thirty-six  cases 


Fig.  264. — A  Loop  of  Intestine  at  Seventeen  Feet.  The  mesentery  is  opaque,  and  small  tabs  of  fat 
begin  to  appear  along  the  mesenteric  border  of  the  bowel.  The  vessels  are  represented  by  a  somewhat 
complicated  network,  and  are  seen  with  difficulty  in  the  thick  fat  of  the  mesentery.  (From  Monks, 
in  Annals  of  Siirgeri/,  October,  1903.      J.  B.  Lippincott  Company,  Philadelphia,  Publishers.) 

in  which  there  was  an  inflammation  of  the  diverticulum  with  symptoms  mark- 
edly similar  to  those  of  appendicitis.  In  one  of  our  own  cases,  appendicitis  and 
diverticulitis  were  both  present.    The  details  of  this  case  are,  briefly,  as  follows : — 

The  patient,  a  male,  36  years  of  age,  had  had  three  well-defined  attacks  of 
appendicitis  within  a  year.  The  last  attack  differed  from  the  others  in  that  there 
were  two  distinct  foci  of  pain  and  tenderness,  one  below  McBurnej^'s  point  and 
one  about  12  cm,  above  it,  nearly  on  a  line  with  the  umbilicus  at  the  outer  border 
of  the  rectus  muscle.  He  was  admitted  to  the  hospital  while  convalescing 
from  the  third  attack.  At  this  time  the  upper  focus  was  more  sensitive  to  the 
touch  than  the  lower.  The  ordinary  incision  along  the  border  of  the  rectus  was 
made,  and  the  appendix,  in  which  was  lodged  a  good-sized  fecal  stone,  was  re- 
moved. The  incision  was  then  extended  to  the  upper  seat  of  tenderness.  At 
this  point  adhesions  were  encountered.  They  were  broken  up,  and  the  presence 
of  a  Meckel's  diverticulum,  8  cm.  in  length  and  about  two-thirds  the  size  of  the 
ileum,  was  thus  revealed.  It  had  evidently  been  recently  in  a  state  of  active 
inflammation.     It  was  removed  close  to  the  bowel.     (Fig.  269.) 
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Owing  to  the  various  coni])lieations  and  pathological  conditions  which  this 
diverticulum  may  produce,  its  removal  is  advisable — -provided  the  patient's 
condition  permits  the  additional  interference — when  the  structure  is  encoun- 
tered in  connection  with  other  abdominal  operations. 

Bibliography. — Arniel,  J.  R.,  in  Colorado  Medical  Journal,  October,  1903. — 
Kuliga,  in  Beit,  zur  pathol.  Anat.,  1903,  Vol.  33. — Ksbhted,  A.  E.,  Annals  of 
Surgery,  April,  1902.— Jacksh,  A.,  Deut.  Zeit.  f.  Chir.,  March,  1907.— Helgen- 
iv'mer,  Beit,  zur  klin.  Chir.,  Vol.  11,  1903.— Porter,  M.  F.,  J.  A.  M.  A.,  Sept. 
23d,  1905.— Cahier,  L.,  Rev.  de  Chir.,  1906,  Vol.  34. 


III.    ACQUIRED    DIVERTICULA. 


Acquired  diverticula  are  divided  histologically  into  true  and  false.  The 
former  have  all  the  coats  that  are  found  in  the  normal  intestine,  while  the  latter 
are  simply  hernial  protrusions  of  the  mucosa  through  the  muscularis. 

Unlike  those  of  the  congenital  variety,  which  are  usually  found  on  the  con- 
vex surface  of  the  bowel,  the  acquired  diverticula  usually  occur  at  the  mesen- 
teric border  and  are  frequently  multiple.  The  descending  colon  and  the  sig- 
moid are  the  locations  in  which  they  are  most  often  found . 

According  to  Brewer,  Wallman,  in  1858,  was  among  the  first  to  call  atten- 
tion to  this  condition.  In  the  same  year  Sydney  Jones  pointed  out  the  patho- 
logical importance  of  acquired  diverticula  by  reporting  a  case  in  which  an 
intestino- vesical  fistula  resulted  from  an  inflamed  sigmoid  diverticulum.  The 
Mayos  have  recently  shown  the  necessity  of  recognizing  diverticulitis  of  the 
acquired  type. 

The  recent  statistics  of  Gardinier  and  Sampson  are  interesting  in  that  they 
show  the  comparative  frequency  of  diverticula.     These  statistics  are  as  follows: — 


Number  of  Autopsies 

Meckel's 
Diverticulum. 

Acquired  Diverticula. 

Small  Intestine. 

Large  Intestine. 

(1)    8,133 

8 
15 
11 

5 

1 
14       ■ 

1 
0 

6 

(2)    2,600 

19 

(3)    2,382  . 

1 

(4)       953  

2 

14,068 

39 

16 

28 

The  large  proportion  found  in  the  second  series  (from  Johns  Hopkins  Hos- 
pital) is  explained  by  the  fact  that  they  were  sought  for,  and  the  result  tends 
to  show  that  such  anomahes  are  not  so  infrequent  as  the  usual  autopsy  reports 
would  indicate. 

Mayo,  Wilson,  and  Giffin  report  five  cases  of  diverticulitis  and  peridiver- 
ticulitis of  the  sigmoid.  These  cases  had  the  following  features  in  common: — 
The  patients  were  over  forty-five  years  of  age,  all  were  inclined  to  obesity,  and 
except  for  this  condition  were  in  robust  health.     The  onset  of  the  sjmiptoms 
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was  sudden  and  presented  the  characteristics  of  a  locahzed  peritonitis.  A 
tumor,  of  rather  rapid  development,  was  usually  situated  to  the  left  of  the 
median  lino,  in  the  middle  or  lower  portion  of  the  abdomen.  In  all  cases  the 
disease  originated  in  the  descending  colon  and  sigmoid.      (Fig.  271.) 

These  cases  have  been  divided  by  Mayo  into  three  clinical  groups:   1,  those 
in  which  there  develops  an  intraperitoneal  abscess,  the  contents  of  which  are 
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Fig.  265. — First  Stage  of  Development  of  the  Intestinal  Canal.  (From  Dr.  George  S.  Himtington, 
"The  Anatomy  of  the  Human  Peritonettm  and  Abdominal  Cavity."  Lea  Brothers,  Philadelphia, 
1903.) 

In  A,  the  intestinal  canal  is  in  the  stage  of  umbilical  loop,  before  rotation;  in  B,  it  is  in  the  first 
stage  of  rotation,  the  colon  crossing  the  duodenimi. 
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FIG.-266. — ^Later  Stage  of  Development  of  the  Intestinal  Canal.     (From  Dr.  George  S.  Huntington.) 
In  A,  the  intestinal  canal  is  in  the  second  stage  of  rotation — the  rotation  of  the  sniall  intestine;  in 
B,  the  schema  of  the  intestinal  canal  after  complete  rotation  and  descent  of  the  ctecum  is  represented. 


spontaneously  evacuated  into  a  neighboring  viscus  or  are  made  to  escape  ex- 
ternally by  means  of  operation;  2,  those  which  give  rise  to  acute  or  chronic 
obstruction,  necessitating  operation;  and  3,  those  in  which  the  symptoms  are 
mild  and  in  which  recovery  occurs  spontaneously. 

Wilson  recommends  that  the  term  diverticulitis  should  be  confined  to  cases 
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of  acute  inflaiiimation  of  the  mucosa  within  the  tUvcrticuhini.  while  chronic 
inHaniniation  of  the  serosa  around  the  diverticukun  should  be  designated  peri- 
diverticulitis. 

In  many  cases  the  diverticula  give  rise  to  no  s\anptoms,  but  when  they 
become  intiamed  the  conditions  may  resemble  very  closely  those  of  an  appendi- 
citis, except  as  regards  the  location  of  the  disease. 

In  the  surgical  treatment  of  these  diverticula  the  removal  of  the  lesion  or 
of  the  segment  of  the  bowel  in  which  it  is  located  may  be  practised,  pro\ided 
too  much  of  the  organ  is  not  involved.  In  the  cases  reported  by  Mayo  the 
disease  was  limited  to  portions  of  the  intestine  which  varied  in  length  from 
four  to  eight  inches.  If  the  lesion  is  too  extensive  for  racUcal  removal,  or  if 
the  mesenteric  vessels  are  too  extensively  invoh'cd,  an  enterostomy  should 
be  made. 

Bibliography. — Geo.  E.  Brewer,  in  Am.  Med.  Jour.  Sci.,  October,  1907. — 
]\Iayo.  Wilson,  and  Giffin,  in  Surg.,  Gyn.,  and  Ohstet..  July,  1907. — Gardinier 
and  Sampson,  in  Jour,  of  the  Amer.  Med.  Assoc,  May  2Gth,  1906. 


IV.    PERFORATING    AND    NON-PERFORATING    INJURIES    OF 
THE   INTESTINE;  FOREIGN  BODIES. 

Injuries  of  the  Intestine. — Indirect  violence  from  without  may  cause  simply 
a  contusion  of  the  intestine  or  it  ma}'  produce  a  partial  or  a  complete  rupture 
of  the  bowel.  These  injuries  are  much  more  likely  to  be  overlooked  than  those 
which  occur  in  connection  with  penetrating  wounds  of  the  abdomen.  S}Tnp- 
toms  commensurate  \\ith  a  serious  injur}'  of  this  character  may  be  entirely 
wanting.  Hemorrhage  per  rectmn,  shock,  and  collapse  may  occur,  but  are 
frequently  absent.  With  a  history  of  ^'iolent  tramiia  over  the  abdomen,  great 
care  should  be  exercised  to  avoid  overlooking  such  injuiy.  As  the  result  of  a 
non-perforating  injury  of  tliis  character,  diverticula  may  form;  injury  to  the 
mucosa  may  be  followed  by  ulceration  with  subsequent  perforation;  or  per- 
itonitis may  develop  from  the  migration  of  bacteria  through  the  damaged 
bowel  wall. 

Perforatmg  injuries  of  the  intestine  from  witliin  are  rare  and  are  generally 
unrecognized  until  symptoms  of  peritonitis  (local  or  general)  or  of  abscess  occur.. 
Such  injuries  are  usually  caused  by  the  passage,  through  the  intestinal  wall, 
of  some  substance  such  as  a  fish  bone,  a  wooden  tooth-pick,  etc.,  wliich  has 
been  accidentally  swallowed. 

Rupture  of  the  bowel  from  external  \dolence.  without  a  penetrating  wound 
of  the  abdominal  wall,  occurs  most  frequently  in  the  region  of  one  of  the  fixed 
points  of  the  bowel — the  ileo-csecal  junction  or  the  duodeno- jejunal  flexure, — 
the  bowel  being  torn  away  from  its  attachment.  Dr.  E.  Wyllys  Andrews  suggests 
that  the  bowel  may  be  cut  in  two  by  the  angle  or  promontor}^  of  the  sacrum 
against  which  it  impinges  under  the  influence  of  \iolence  exerted  on  the  anterior 
abdominal  wall.     (Fig.  272.) 
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In  order  to  estimate  the  probability  of  the  intestine  having  been  seriously 
injured,  notwithstanding  the  absence  of  a  penetrating  abdominal  wound,  a 
careful  history  of  the  character  of  the  injury  should  be  elicited — whether  it 
resulted  from  the  sudden  impact  of  a  small,  rapidly  moving  body  such  as  a  piece 
of  wood  flying  from  a  circular  saw,  a  fragment  from  a  burst  fly-wheel,  a  kick, 
or  a  blow;  or  whether  the  force  applied  was  distributed  over  a  larger  area  of  the 
abdomen,  as  in  crushing  injuries.     The  rapidly  moving  bodies  are  much  more 


Fig.  267. — An  Abnormally  Short  Duodenum,  Rendering  Inadequate  and  Dangerous  the  Operation 
of  Posterior  Gastro-Enterostomy,  with  the  Short  Loop  which  in  those  Cases  is  Associated  with  an 
Immobilized  but  Greatly  Distended  Stomach.  A  large  part  of  the  pyloric  portion  is  greatly  thickened 
and  is  held  to  the  liver  by  strong  and  dense  adhesions.  (From  Dr.  James  G.  Mumford,  in  Annals  of 
Surgery,  January,  1906.      J.  B.  Lippincott  Company,  Philadelphia,  Publishers.) 

likely  to  cause  rupture.  The  integrity  of  the  intestine  may  not  be  immediately 
destroyed;  nevertheless,  the  injury  may  be  sufficient  ultimately  to  cause  gan- 
grene. 

The  small  bowel  is  ruptured  much  more  frequently  than  the  large  bowel. 
In  all  cases  multiple  rupture  must  be  sought  for. 

Penetrating  injuries  of  the  intestine  are  more  commonly  caused  by  gun- 
shot or  stab  wounds.  In  the  latter,  the  wound  of  the  bowel  is  more  often  single, 
while  in  the  former  multiple  wounds  are  nearly  always  found.  The  projectile 
of  the  modem  fire-arm,  impelled  at  high  velocity,  does  less  damage  to  the  bowel 
wall,  but  it  produces  more  destructive  effects  upon  the  mesentery. 
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The  diagnosis  of  injury  to  the  intestine,  with  or  without  a  penetrating 
wound  of  the  abdomen,  is  necessarily  obscure  and  difficult.  The  presence  of 
free  gas  in  the  peritoneal  cavit}^  shown  l)y  the  absence  of  liver  dulness,  and 
formerl}'-  believed  to  be  of  diagnostic  value,  has  been  found  to  be  often  absent, 
and  may  be  imitated  so  closely  by  a  distended  colon  that  this  sign  can  no  longer 
be  relied  upon.  Free  fluid  also  possesses  an  uncertain  significance.  Leuco- 
cjrtosis  is  .usually  late  in  showing  itself;  and  similarly  unreliable  are  the  other 
signs  or  symptoms  that  have  been  presented  from  time  to  time  as  being  char- 


FiG.  268. — Second  View  of  the  Parts  Shown  in  Fig.  267.  At  tlie  autopsy  there  was  found,  at  a 
point  far  over  to  the  left,  a  large  rent  in  the  fundus  of  the  stomach.  This  rent  was  found  to  be  the 
stoma  with  a  portion  of  the  torn-off  jejunum  attached  to  its  right-hand  border.  Tire  short  arm  of  tliis 
portion  of  the  jejunum,  measuring  four  inches  in  length,  extended,  in  a  stretched  condition,  to  the 
ligament  of  Treitz.  (From  Dr.  James  G.  Mximford,  in  Annals  of  Surgery,  January,  1906.  J.  B.  Lippin- 
cott  Company,  Philadelphia,  Publishers.) 


acteristic.  In  the  absence  of  positive  evidence,  however,  it  is  far  better  to  give 
the  patient  the  benefit  of  the  doubt  and  resort  to  immediate  exploration  than 
to  wait  for  symptoms  of  peritonitis  to  appear.  It  is  estimated  that,  in  ninety- 
one  per  cent  of  all  penetrating  wounds  of  the  abdomen,  there  has  been  inflicted 
upon  some  abdominal  viscus  an  injury  which  demands  immediate  operation; 
and  in  sixty-five  per  cent  of  these  the  intestine  is  the  viscus  injured.  While 
there  is  no  pathognomonic  sign  or  group  of  symptoms  which  definitely  charac- 
terizes intestinal  injury,  the  history  of  trauma  or  the  presence  of  a  penetrating 
abdominal  wound,  taken  together  with  evidence  of  shock,  abdominal  pain,  vomit- 
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ing,  muscular  rigidity,  low  body-teniperaturc,  and  rapid  pulse,  developing  soon 
after  the  injur}',  will  i)oint  to  lesions  sufficiently  serious  to  require  surgical 
inter^-ention.  Pain,  rigidity,  and  rapid  pulse  are  perhaps  the  most  significant 
symptoms.  Moynihan  lays  special  stress  on  a  progressive  increase  in  the  pulse 
rate  as  a  diagnostic  sign. 

In  injuries  of  the  intestine,  where  operation  is  demanded,  the  earlier  it  is 
executed  the  lower  the  mortality  will  be.  It  was  shown  by  Senn  in  his  experi- 
mental and  clinical  work  that  success  in  these  cases  is  in  inverse  ratio  to  the  time 
allowed  to  elapse  between  the  time  of  injury  and  the  operation.     This  is  em- 


FiG.  269. — Meckel's  Diverticulum.      (Original.) 


phasized  by  Coley,  who  found  a  mortality  of  53.9  per  cent  in  cases  operated  on 
within  the  first  twelve  hours  and  one  of  77.3  per  cent  in  cases  operated  on  later 
than  that. 

Bibliography. — ^^A-^arren,  in  Trans.  Western  Surg,  and  Gyn.  Assn.,  1905. 
— Curtis,  in  Annals  of  Surgery,  1887. — Andrews,  in  Surg.,  Gyn.,  and  Ohst.,  June, 
1906. — Campbell,  in  Annals  of  Surgery,  Nov.,  1905. 

Foreign  Bodies. — Foreign  bodies  may  enter  the  intestine  through  the 
stomach,  through  the  bile  ducts,  through  the  rectum,  through  an  opening  es- 
tablished by  ulcerative  action  that  has  started  in  some  other  organ,  or  directly 
through  the  intestinal  wall  from  the  free  peritoneal  cavity,  as  a  result  of  an 
abdominal  operation.  Mechanical  devices  used  in  intestinal  repair  may  fail 
to  pass  per  anum  and  thus  act  as  foreign  bodies.  The  large  majority,  however, 
gain  entrance  through  the  stomach.  Coins,  buttons,  tooth-picks,  artificial 
teeth,  pencils,  knives,  pins,  and  needles  are  the  most  common  articles  found 
in  the  bowel.  Any  foreign  body  that  passes  the  duodenum  will  be  likely  to 
travel  the  entire  length  of  the  intestinal  canal  without  interruption,  as  the  py- 
loric orifice  is  smaller  than  the  intestine.  Beyond  the  duodenum,  the  most 
common  points  of  arrest  are  the  ileo-ca?cal  valve  and  the  anus. 
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Gall-stOBes,  as  foreign  l)it(lics,  may  cntci-  the  intestine  through  the  Inle  (kict. 
They  are  usually  of  small  size  and  cause  no  symptoms.  The  larger  gall-stones 
that  are  found  within  the  intestine,  reach  there,  as  a  rule,  through  an  opening 
estabhshed  l^y  ulcerative  action  in  the  wall  of  the  gall-bladder,  one  of  the  gall- 
ducts,  or  till'  (li\i  rilculuni  of  \'ater.  These  fistuhe  may  connnunicate  with 
the  stomach  or,  more  rarely,  with  the  (hiodeiiuni  or  jejuno-ileum;    but,  more 
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Fig.  270. — The  Drawing  Represents  a  Case  of  Diverticulitis,  which  was  Associated  with  Local 
Peritonitis  and  Mesenteritis,  and  Eventually  Led  to  the  Formation  of  an  Angular  Bend  in  the  Intestine. 
The  parts  are  shown  in  natural  size.  The  loop  of  the  small  intestine,  which  was  adherent  to  the  meso- 
colon, has  been  freed,  but  the  act  of  freeing  it  produced  a  rupture  of  the  distal  portion  of  the  inflamed 
diverticuhun.  Owing  to  occlusion  of  the  base  of  the  inflamed  diverticulum,  the  distal  portion  presents 
the  appearance  of  a  small  infected  mesenteric  cyst  situated  near  the  border  of  the  intestine.  (From 
Gardinier  and  Sampson,  in  Journal  of  the  American  Medical  Association,  May  26th,  1906.) 

frequently,  the}^  communicate  with  the  colon.  In  some  instances  they  cause 
intestinaT  obstruction.  Cases  in  which  calculi  from  the  kidney  or  the  bladder 
have  perforated  into  the  intestine  have  been  reported. 

In  a  case  which  came  under  my  care  I  removed  from  the  csecum  an  ordinary 
nibber-tipped  lead  pencil,  seven  and  one-half  inches  in  length.  The  pencil 
had  been  accidently  swallowed,  the  nibber  end  foremost,  during  a  fit  of  laugh- 
ter, about  ten  weeks  prior  to  the  operation.  A  peculiar  feature  of  the  case  was 
that  the  patient  gave  no  histoiy  of  swallo\\'ing  the  pencil  until  after  it  had  been 
removed.  He  entered  the  hospital  with  pain,  tenderness,  and  a  palpable  hard 
swelling  in  the  region  of  the  csecum.  The  diagnosis  of  appendicitis  was  made. 
Through  the  abdominal  incision  a  pointed  foreign  body  could  be  easily  felt  in 
the  csecum  and  the  pencil  was  removed  through  an  incision  about  1  cm.  in  length. 
It  was  lodged  in  the  ileo-ca?cal  opening.     (Fig.  273.)     In  only  one  instance. 
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so  far  as  I  have  been  able  to  learn,  has  a  longer  foreign  body  than  the  pencil 
above  referred  to,  been  found  in  the  bowel.  In  the  ease  of  Rosati  an  eight- 
inch  fork  was  removed  from  the  bowel  fifteen  years  after  it  had  been  swallowed. 

The  longest  stiff  foreign  body  reported  as  having  passed  through  the  en- 
tire gastro-intestinal  canal  and  of  having  been  eliminated  'per  anum,  is  that 
of  a  six-inch  piece  of  a  clay-pipe  stem,  which  has  been  reported  by  Hogdon. 
In  this  connection  the  unique  case  of  Ruhge  is  worthy  of  mention:  a  piece  of 
flexible  rubber  stomach  tube,  twenty-two  and  one-half  inches  in  length,  was 
swallowed  and  passed  per  vias  naturales  on  the  thirtieth  day. 

Mansell  Moullin  removed  from  the   ileo-ca:'cal  region,  four  days  after  the 


Fig.  271. — Specimen  of  Sigmoid  Divided  Longitudinally,  Showing  Peridiverticulitis.  (Case  4, 
19,305.)  Note  the  defective  musculature  and  the  diverticula;  also,  near  the  label  needle,  an  inflamma- 
tory mass  which  has  been  dissected  away  from  the  surrounding  tissues.  (From  Mayo,  Wilson,  and 
Giffin,  in  Supf)lenient  of  Surgery,  Gyncecology,  and  Obstetrics,  July,  1907.) 


accident,  a  piece  of  hat  pin  four  and  one-half  inches  long.  Davies-Colley  re- 
ports the  removal  of  a  packing  pin  (4^  in.  x  J  in.)  from  the  descending  colon 
seven  months  after  it  had  been  swallowed. 

It  would  seem  that  foreign  bodies  may  at  times  pass  through  the  gastro- 
intestinal tract  with  great  rapidity.  Trevor  mentions  an  instance  in  which  a 
scarf  pin  passed  through  the  canal  in  ten  hours.  Williams  reports  an  instance 
in  which  a  very  irregular  plate  of  false  teeth  passed  on  the  day  following  that 
on  which  it  was  swallowed. 

Foreign  substances  accidentally  left  within  the  peritoneal  cavity  at  the  time 
of  an  abdominal  operation,  often  migrate  through  the  intestinal  wall  to  be 
expelled  per  anum.  A  sudden  emergency  arising  during  the  operation  is  most 
often  responsible  for  the  accident.  A  drainage  tube  or  a  strip  of  gauze  may 
slip  into  the  abdominal  cavity  during  the  after-treatment.     Of  nineteen  re- 
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corded  cases  in  which  artery  forceps  were  left  in  the  abdomen,  there  were  three 
in  which  the  instrument  was  discharged  spontaneously  per  anum.  Gauze  com- 
presses thus  left  have  repeatedly  j^assed  into  the  Ijowel  to  be  eliminated  per 
anum.  As  showing  the  frequency  with  which  such  accidents  occur,  Gruzdew 
found,  in  the  literature  for  the  year  1900,  one  hundred  and  eight  reported  cases 
in  which  foreign  bodies  were  left  in  the  abdominal  cavity.  Xeugebauer  in  1904 
collected  two  hundred  and  thirty-six  cases  of  this  character.  In  one  instance 
a  forceps  remained  within  the  abdomen  for  ten  and  a  half  years. 

I  have  been  able  to  find  but  few  recorded  cases  of  enterotomy  for  the  re- 
moval of  foreign  bodies.  In  1887  "Walker  was  able  to  collect  ]:)Ut  four  cases  of 
removal  from  the  small  intestine.     In  Walker's   case  an   ice-cream  spoon  was 


Fig.  272. — Diagram  Intended  to  .Show  how  the  Bowel,  when  Driven  Back  upon  the  Proniontor>- 
of  the  Sacrum,  or  the  '"'Sacro vertebral  Angle,"  is  likely  to  be  Subjected  to  a  Wearing  or  Cuttuig  Action 
on  the  Part  of  this  Bony  Ridge.  (From  Dr.  E.  Wyllys  Andrews,  in  Surgery.  Gyncecology,  and  Obstetrics, 
Jime,  1906.) 

swallowed.     This  remained  in  the  stomach  for  three  and  one-half  years,  after 
which  time  it  passed  into  the  bowel  from  which  it  was  removed. 

BiBLiOGEAPHY. — XicoU,  Lancet,  1908,  ]\Iarch  14th. — Harley,  Lancet,  Vol.  2, 
1859. — ^^Valker,  Cincinnati  Lancet-Clinic,  1887. — Rosati.  The  Polyclinic.  Phil.. 
June,  1887. — Hogdon,  Bast.  Med.  and  Surg.  Jour.,  1804.  ^'nl.  71. — Runge. 
ihid.,  1896,  Vol.  135.— Moullin,  Lancet,  Vol.  1.  1896.— Da\1e.s-Colley.  Lancet. 
Vol.  1,  1900.— Trevor,  ibid.,  Vol.  2,  1885.— Wmiams,  Therapeutic  Gaz.,  Vol.  21, 
1897. 

\'.    IXTE.STIXAL   FI.^TULA. 


An  external  intestinal  fistula  constitutes  either  a  direct  or  an  indirect  com- 
munication between  the  lumen  of  the  bowel  and  the  external  surface  of  the  al> 
dominal  wall.  Only  a  portion  of  the  intestinal  contents  pass  out  through  this 
opening.  An  artificial  anus  differs  from  the  above  in  that  the  entire  faecal  stream 
is  discharged  through  the  opening.  A  simple  fsecal  fistula  may  subsequently 
foiTQ   an   artificial  anus  by  what  is  kno^n  as  "spur  fomiation" — a  condition 
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which  owes  its  origin  to  the  fact  that  the  afferent  and  efferent  hmbs  of  the  loop 
that  is  attached  to  the  abdominal  wall  change  their  relations;  instead  of  form- 
ing an  acute  angle,  they  become  parallel. 

Congenital  external  intestinal  fistiilse  are  located  usually  at  the  umbilicus 
and  are  due  to  the  persistent  patency  of  a  Meckel's  diverticulum. 

An  internal  intestinal  fistula  may  occur  between  two  or  more  adjacent  loops 
of  intestine,  or  it  may  communicate  wdth  the  stomach,  gall-bladder,  urinary 
bladder,  uterus,  or  Fallopian  tube. 

An  intestinal  fistula  may  follow  damage  to  the  intestinal  wall,  or  it  may 
owe  its  origin  to  defective  intestinal  suturing  or  to  the  improper  placing  of  a 


Fig.  273. — Foreign  Body  (Lead  Pencil)  Lodged  in  the  Intestinal  Canal  at  the  Ueo-Cceeal  Valve. 

(Author's  Case.) 


drain.  It  may  also  result  from  the  formation  of  an  abscess,  as  in  suppurative 
appendicitis,  pyosalpinx,  typhoid,  peritoneal  or  intestinal  tuberculosis,  carci- 
noma, actinomycosis,  and  still  other  pathological  conditions. 

An  intestinal  fistula  involving  the  lower  portion  of  the  small  bowel  or  the 
colon,  may  give  rise  to  very  little  disturbance  of  the  patient's  health.  When, 
however,  it  is  located  in  the  upper  portion  of  the  intestinal  tract  it  gives  rise  to 
very  serious  impairment  of  nutrition;  and  the  external  discharge,  which  con- 
tains active  digestive  feraients,  gives  rise  to  a  most  distressing  dermatitis. 

Treatment. — The  ease  with  which  a  fecal  fistula  may  be  closed  depends 
largely  upon  its  location,  the  size  of  the  opening  into  the  bowel,  the  length  of 
the  sinus  leading  from  the  skin,  and  the  presence  or  absence  of  a  spur  formation. 
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An  elliptical  incision  should  be  made  through  the  skin,  fascia,  and  muscle  down 
to  the  peritoneum.  At  this  stage  it  is  well  to  fold  the  skin  of  the  ellipse  over 
the  opening  and  pass  a  mattress  suture  through  it  to  prevent  leakage.  The 
peritoneum  is  next  opened  and  the  sinus  freed  from  the  surrounding  tissues  as 
far  as  to  the  opening  into  the  bowel.  If  the  opening  is  small  and  if  it  is  on  the 
convex  surface,  it  may  be  clamped  with  rubber-covered  forceps  transversely 
to  the  long  axis  of  the  bowel  and  sutured  in  this  direction.  If  the  opening  into 
the  bowel  is  too  large  for  this  procedure  or  if  it  is  situated  at  the  side  or  near  the 
mesenteric  border,  resection  with  end-to-end  union  may  be  necessary.  In  the 
cases  where  the  bowel  is  attached  directly  to  the  abdominal  wall  and  where  a 
spur  has  been  formed,  making  it  practically  an  artificial  anus,  a  heavy-bladed 
pair  of  forceps  may  be  introduced,  one  blade  into  each  arm  of  the  loop,  and 
then  locked.  This  will  cut  away  the  spur  and  re-establish  the  fecal  stream, 
after  which  the  external  opening  may  heal  spontaneously,  or  may  be  sutured. 

The  use  of  caustics  is  of  little  value  as  a  means  of  destroying  the  sinus,  and 
attempts  at  suturing  without  freeing  the  bowel  from  the  abdominal  wall  are 
almost  certain  to  result  in  failure.  In  a  very  large  proportion  of  these  cases, 
however,  there  is  a  strong  tendency  toward  spontaneous  healing,  and  there- 
fore operative  measures  should  be  delayed  until  it  is  certain  that  this  will  not 
occur. 

VI.   INTESTINAL  ULCERS. 

Peptic  Ulcer  of  Duodenum. — Frequency. — Until  recently  peptic  ulcer  of 
the  duodenum  has  been  considered  rare  and  has  not  been  differentiated  from 
the  same  lesion  in  the  pylorus.  In  1900,  Weir  and  Foote  collected  cases  in 
which  an  operation  had  been  performed  for  acute  perforation  of  an  ulcer  of 
this  nature.  In  1902  Murphy  and  Neff  reported  one  and  collected  eighteen 
additional  cases;  and  since  that  time  hundreds  have  been  reported.  The 
Mayos,  in  December,  1906,  reported  two  hundred  and  nine  operations  for 
duodenal  ulcer. 

The  reports  in  regard  to  the  relative  frequency  of  gastric  and  duodenal 
ulcers  show,  as  time  goes  on,  that  the  one  occurs  almost  as  frequently  as  the 
other.  Andral  placed  the  proportion  at  1  duodenal  to  40  gastric;  Burwinkel, 
at  1  to  12;  and  Trier,  at  1  to  9.  It  is  generally  placed  at  1  to  10.  The  Mayos, 
in  an  experience  of  600  operations  for  gastric  or  duodenal  ulcer,  found  436  in 
the  stomach,  135  in  the  duodenum,  and  28  in  which  the  ulcer  occupied  the 
border  line  of  both  locations.  The  relative  frequency  in  these  cases,  therefore, 
was  as  1  to  3.5.  In  the  last  200  cases  reported  by  the  Mayos,  98  were  duodenal 
and  87  gastric,  with  15  in  which  both  gastric  and  duodenal  ulcers  were  present. 
Robson  places  the  proportion  at  1  to  2. 

This  rather  marked  increase  in  the  frequency  of  duodenal  ulcers  is  due  to 
the  fact  that,  in  the  past,  the  great  majority  of  such  ulcers  were  mistaken  for 
ulcers  of  the  pylorus.  Duodenal  ulcers  are  often  found  extending  to  the  pyloric 
sphincter  and  these  have  been  called  gastric  or  pyloric.     When  adhesions  and 
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other  pathological  changes  are  present  it  is  often  difficult  to  define  the  limita- 
tation  between  stomach  and  duodenum. 

Location  of  the  Pylorus. — W.  J.  Mayo  calls  attention  to  a  definite  means  of 
determining  the  location  of  the  pyloiiis,  and  says: — "The  best  means  of  identi- 
fjdng  it  consists  in  the  arrangement  of  the  blood-vessels,  which  is  quite  striking. 
A  thick-walled  vein  is  to  be  seen  extending  from  the  inferior  margin  of  the 
pylorus  on  the  gastric  side,  upward  and  across  about  three-fourths  of  its  extent. 


Fig.  274. — Illustration  Showing  Relations  of  Blood-vessels  about  Pyloric  End  of  Stomach  and 
Duodenum,  with  Special  Reference  to  Pyloric  Vein.  (From  Maj^o,  in  Annals  of  Surgery,  Jime,  1907. 
J.   B.  Lippincott  Companj',  Philadelpliia,  Publishers.) 

From  the  superior  margin  a  similar  vein  extends  downward  until  it  nearly  meets 
the  one  from  below."     (Fig.  274.) 

Pathology. — Duodenal  ulcers  are  rareh^  multiple.  In  163  of  ^Maj^o's  cases 
only  5  had  more  than  one  ulcer,  but,  in  the  last  200  cases,  both  gastric  and 
duodenal  were  found  15  times.  This  condition  is  much  more  common  in  the 
male  than  in  the  female.  Moynihan  found,  in  209  cases,  that  76  per  cent  were 
females. 

Duodenal  ulceration  may  occur  at  all  ages.  Hahn  reports  a  case  in  a  baby 
a  day  and  a  half  old:  and  similar  cases  in  infants  have  been  reported  b}^  Spie- 
gelberg,  Lister,  and  others.  At  the  other  extreme,  Wallis  reports  a  successful 
operation  for  this  lesion  in  a  patient  ninety-two  years  old.  The  usual  age  is 
between  twenty-five  and  forty. 
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Duodenal  ulcers  are  usually  located  above  the  opening  of  the  common  bile 
duct.  The  first  portion  of  the  duodenum  is  involved  ten  times  more  frequently 
than  is  the  second.  The  common  situation  of  the  ulcer  is  within  the  firet  two 
inches  of  the  duodenum,  and.  in  the  great  majority,  it  extends  to  T\ithin  three- 
fourths  of  an  inch  of  the  pyloric  sphincter.  The  deepest  part  of  the  ulcer  is 
usually  found  just  below  the  pylorus,  where  the  acid  chyme,  which  is  ejected 
with  considerable  force  from  the  stomach,  produces  an  impact  upon  the  intes- 
tinal mucous  membrane. 

Peptic  ulcer  of  the  duodenmii  has  practically  the  same  structure  as  the  peptic 
ulcer  of  the  stomach;  it  is  circular  in  shape  and  has  a  terraced  margin  and  a 
clean  base.  In  all  but  7  of  the  163  Mayo  cases  the  ulcer  was  indurated  and 
easily  located,  but,  in  the  last  100,  87  were  markedly  indurated. 

Etiology. — The  etiologj^  of  the  duodenal  is  practically  the  same  as  that  of 
the  gastric  ulcer — i.e.,  it  is  caused  by  increased  acidity.  The  alkaUne  duodenal 
contents  do  not  neutralize  the  excessively  acid  chyme  that  passes  into  it  from 
the  stomach ;  but  there  is  also  a  close  relationship  between  ulcers  of  the  duode- 
num and  interference  with  the  usual  routes  of  elimination — the  skin,  the  kidney, 
or  the  lung.  Chlorosis,  contrary  to  its  seemingly  important  etiological  position 
in  relation  to  ulcers  of  the  stomach,  seems  to  play  no  role  in  the  causation  of 
duodenal  ulcer.  Cases  of  typhoid  and  tuberculous  ulcers  of  the  duodenum 
have  been  reported. 

The  frequency  of  duodenal  ulcer  will,  in  a  way,  be  explained  when  we  remem- 
ber the  observation  of  Ochsner,  in  wliich  he  found  a  sphincter  beyond  the  open- 
ing of  the  common  duct.  (Fig.  275.)  This  sphincter  contracts  and  so  allows  of 
a  more  perfect  mixing  of  the  ch)mie  from  the  stomach  with  the  pancreatic  and 
duodenal  juices.  This  mixing  has  been  demonstrated  by  Cannon  with  the  aid  of 
the  x-ray.  The  presence  of  this  anatomical  sphincter — ^the  existence  of  which, 
however,  is  denied  by  Boothby — shows  that  there  may  be  considerable  trau- 
matism or  grinding  of  the  food  in  the  duodenum  above  the  papilla  of  the  com- 
mon duct,  and  hence  the  frequent  tendenc}^  to  ulceration  in  this  region.  Jonas 
reports  a  case  in  which  direct  abdominal  traumatism  was  shown  to  be  the 
cause  of  duodenal  ulcer. 

Codman  has  called  attention  to  an  obstruction  of  the  duodenum  between  the 
vertebra  and  the  mesenterj^ — i.e.,  gastro-mesenteric  ileus — as  a  cause  of  duo- 
denal stasis,  and  consec[uently  as  a  possible  etiological  factor  in  ulcer. 

Symptoms. — The  symptoms  of  duodenal  ulceration  itself  are  not  definite; 
they  may  be  absent  until  complications  develop,  or  they  may  closely  simulate 
either  gastric  ulcer  or  gall-bladder  disease.  The  symptoms  are  latent  in  twenty 
per  cent  of  the  cases.  The  usual  sjmiptoms  are  pain  and  epigastric  distress, 
gas  formation,  belching  and  emctation,  vomiting,  sour  stomach,  general  weak- 
ness, and  irritability.  The  pain,  which  is  burning  and  gnawing  in  character, 
comes  on  in  decided  periods,  lasting  for  a  few  days;  continuous  pain  is  a  late 
manifestation. 

An  attempt  to  differentiate  duodenal  from  gastric  ulcer  is  made  by  a  con- 
sideration of  the  tune  of  onset  of  this  pain.     In  gastric  ulcer  the  pain  commences 
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soon  after  eating,  while  in  the  ulcer  under  consideration  the  pain  does  not 
appear  until  some  hours  after  eating — i.e.,  until  the  gastric  contents  pass  from 
the  stomach  into  the  duodenum.  The  taking  of  food  into  the  stomach  relieves 
the  pain  of  duodenal  ulcer  because  of  the  closure  of  the  pylorus  after  the  ingestion 
of  food;  hence  frequent  meals,  good  appetite,  and  increase  in  weight  in  early 
cases.     The  pain  is  usually  w^orse  at  from  two  to  five  hours  after  eating. 

According  to  Dr.  Christopher  Graham,  the  history  of  gas  formation  is  almost 
as  valuable  as  is  that  of  pain,  and  frequently  on  this  factor  alone  does  a  diagnosis 
depend.  It  may  come  on  early  and  it  always  becomes  prominent  with  the  loss  of 
motor  power.     It  is  most  notable  at  the  time  when  the  pain  is  greatest.    The 


Fig.  275. — Diagram  Showing  the  Location  of  the  Sphincter  in  the  Duodenum  Below  the  Common 
Duct.  (From  Dr.  A.  J.  Ochsner,  in  Annals  of  Surgery,  January,  1906.  J.  B.  Lipijincott  Company, 
Philadelphia,  Pubhshers.)     S,  Sphincter;   P,  pylorus;    D  of  W,  duct  of  Wirsung;   D  C,  common  duct. 

greater  the  acidity,  the  greater  the  pain  and  the  more  marked  the  gas  formation. 
Gas  is  relieved,  as  is  pain,  by  food,  drink,  an  antacid,  vomiting,  or  lavage. 

Vomiting  was  a  prominent  symptom  in  thirty-two  of  Graham's  forty-six 
cases.  The  regurgitation  of  bitter  acid  substance  and  the  formation  of  gas  are 
common  in  duodenal  ulcer.  In  gall-stone  disease  the  pain  is  sudden  and  severe 
and  radiates  widely;  it  occurs  soon  after  the  initial  symptom  and  is  independ- 
ent of,  and  not  specially  modified  by,  the  taking  of  food;  nor  is  it  so  often 
traced  to  the  latter  act.  No  stomach  symptoms  are  present  between  the 
short,  well-defined  attacks.  Spasm  of  the  diaphragm  is  nearly  always  observed. 
Vomiting  and  the  bringing  up  of  gas  are  present  only  during  the  attack,  and 
relief  through  vomiting  and  gas  eructation  is  not  so  certain.  In  duodenal  ulcer, 
early  nausea  and  eructation  are  more  common  than  vomiting.  AMien  the  lat- 
ter symptom  is  present,  the  material  vomited  is  not  likely  to  be  profuse,  but  is 
small  in  amount,  intensely  acid  and  bitter.  It  usually  comes  on  in  from  two 
to  four  hours  after  taking  food  and  is  followed  by  relief  in  the  early  stages  of 
the  affection.     In  the  more  advanced  cases  the  vomiting  may  be  profuse. 

The  dyspeptic  symptoms  of  duodenal  ulcer  are  slight  as  compared  wdth  those 
of  gastric  ulcer ;  the  appetite  is  good.     Chronic  hemorrhage  is  common  in  duo- 
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denal  ulcer  and  is  most  frequently  seen  in  the  form  of  melirna.  The  blood  may 
be  very  small  in  amount  and  may  escape  detection  unless  the  test  for  occult 
blood  is  made.  In  -16  cases  of  duodenal  ulcer  Graham  found  12  which  gave  a 
history  of  marked  metena.  In  23  cases  Moynihan  found  mela^na  in  3  cases, 
ha'matemesis  in  3  cases,  and  both  symptoms  in  4  cases.  Analysis  of  the  con- 
tents of  the  stomach  usually  shows  a  hyperacidity. 

Perforation  of  the  duodenal  ulcer,  like  that  of  the  gastric  ulcer,  may  take 
place  in  either  an  acute  or  a  subacute  manner.  In  the  acute  form  of  perfo- 
ration there  is  a  large  opening  with  no  adhesions  to  prevent  the  escape  of  the 
contents  of  the  bowel.  In  the  subacute  form  of  perforation  the  ulcer  is  com- 
monly of  the  chronic  type,  the  opening  being  usually  smaller,  and  surrounding 
the  ulcer  there  is  a  localized  peritonitis  which  prevents  extensive  extravasation 
of  the  contents  of  the  duodenum.  The  subacute  form  of  perforation  causes  an 
increase  in  the  previous  symptoms  due  to  the  localized  peritonitis.  Abscess 
formation  may  occur,  and  the  pus  may  burrow  a  way  for  itself  to  almost  any 
region  of  the  abdomen  or  even  to  the  thorax.  Acute  perforation  is  of  frequent 
occurrence  because  of  the  thinness  of  the  duodenal  wall.  It  takes  place  suddenly, 
with  intense  pain,  vomiting,  and  rigidity  of  the  right  rectus,  and  is  followed  by 
the  typical  symptoms  of  acute  peritonitis.  The  exact  site  of  the  perforation 
may  or  may  not  be  diagnosed,  but  this  is  practically  of  small  import,  as  the 
indication  is  to  repair  the  perforation  wherever  it  may  be. 

Perforation  of  a  duodenal  ulcer  has  frequently  been  diagnosed  as  perfora- 
tive appendicitis.  The  reason  of  the  frequent  confusion  is  apparent  when 
the  arrangement  of  the  mesenteric  folds  is  remembered.  Escaping  duodenal 
contents  pass  into  the  right  renal  pouch  and  on  down  to  the  ileo-caecal  region. 
The  ascending  colon  with  its  mesentery  serves  as  a  dam  to  prevent  the 
escape  of  the  contents  toward  the  median  line.  In  cases  where  the  dam 
occupies  a  low  position,  where  there  is  no  ascending  meso-colon,  and  where 
the  duodenal  contents  are  profuse,  the  latter  may  pass  over  the  colon  toward 
the  median  line,  but  here  further  extension  is  prevented  by  the  root  of  the  mes- 
entery which,  by  its  oblique  insertion,  again  brings  the  duodenal  contents  back 
to  the  ileo-caecal  region. 

In  one  of  my  own  cases  a  perforated  duodenal  ulcer  was  mistaken  for  ap- 
pendicitis. Upon  admission  of  the  patient  to  the  hospital,  seventy-three  hours 
after  onset  of  the  attack,  there  was  evident  peritonitis  with  muscular  rigidity, 
and,  because  of  the  point  of  localized  tenderness  in  the  ileo-caecal  region,  it  was 
thought  that  the  inflammation  was  of  appendical  origin.  The  right  rectus 
was  incised  with  the  purpose  of  removing  the  appendix,  but  when  the  peritoneum 
was  opened  there  followed  an  escape  of  intestinal  contents.  The  appendix 
was  not  perforated.  Its  serosa  was  inflamed  and  congested,  but  it  was  plainly 
not  the  cause  of  the  peritonitis .  As  the  condition  of  the  patient  did  not  warrant 
an  extended  search  for  the  perforation,  tubular  drains  were  inserted  into  the  pel- 
vis, the  kidney  pouch,  and  up  to  the  duodenum.  The  patient  was  then  put 
in  the  exaggerated  Fowler  position  and  the  routine  treatment  for  general  perito- 
nitis (Murphy)  was   carried   out.     Prompt   recovery  of  the  patient   followed. 
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Since  then,  however,  the  symptoms  of  duodenal  ulcer  have  become  well-defined, 
and  gastro-enterostomy  has  been  advised. 

The  case  just  narrated  shows  not  only  the  similarity  of  the  symptoms  to  those 
of  appendicitis,  but  also  the  fact  that  the  perforation  may  be  very  minute,  and 
that  radical  treatment  such  as  enterorrhaphy,  gastro-enterostomy,  or  resection 
may,  with  certain  conditions,  be  postponed  to  a  subseciuent  time. 

In  acute  perforation,  if  the  opening  can  be  located  and  if  the  condition  of 
the  patient  warrants,  the  perforation  should  be  closed  by  suture.  Drainage 
is  always  necessary  because  of  the  soiling  from  escaping  intestinal  contents. 

Bibliography. — Weir  and  Foote,  in  Trans,  of  the  Am.  Surg.  Ass'n,  1900. 
—Murphy  and  Neff,  in  New  York  Med.  Jour.,  Sept.  20th,  27th,  1902.— Mayo, 
in  Annals  of  Surgery,  June,  1907. — Ochsner,  in  Annals  of  Surgery,  Jan.,  1906; 
mJour.  of  Am.  Med.  Sci.,  July,  1906. — Jonas,  in  Transactions  of  the  American 
Surgical  Association,  1906. — Graham,  in  St.  Paul  Medical  Journal,  Sept., 
1904. 

Peptic  Ulcer  of  the  Jejunum. — Peptic  ulcer  of  the  jejunum  is  rare,  usually 
following  the  operation  of  gastro-jejunostomy.  The  first  case  was  reported 
by  Braun  in  1889.  It  has  never  been  reported  as  following  the  operations  of 
pyloroplasty  or  gastro-duodenostomy  for  benign  conditions.  It  is  generally 
beheved  to  be  due  to  the  hyperacidity  of  the  gastric  juice,  which,  coining  di- 
rectly into  contact  with  the  mucosa  of  the  jejunum,  digests  or  erodes  that 
membrane.  In  pyloroplasty  or  gastro-duodenostomy  this  acid  secretion  is 
neutralized  by  mixing  with  the  bile,  pancreatic  juice,  and  other  secretions. 
It  occurs  most  frequently  in  men  past  middle  Hfe.  The  ulcers  are  most  often 
located  in  the  distal  limb  of  the  jejunal  loop.  The  fact  that  this  lesion  almost 
never  follows  gastro-jejunostomy  for  gastric  carcinoma,  in  which  disease  there 
is  generally  hypoacidity,  would  seem  to  substantiate  the  view  given  above. 

In  the  great  majority  of  the  cases  reported  the  perforation  has  been  of  the 
acute  variety.  The  supposition  that  many  such  cases  are  not  reported  or  that 
the  nature  of  the  perforation  is  unrecognized  is  quite  reasonable,  as  is  likewise 
the  probability  that  cases  in  which  acute  perforation  has  not  taken  place  have 
been  attributed  to  other  causes.  These  probabilities,  taken  in  connection  with 
the  rapid  increase  in  the  number  of  reported  cases,  favor  the  belief  that  this 
condition  may  be  more  common  than  has  hitherto  been  supposed.  An  esti- 
mate as  to  the  percentage  of  gastro-enterostomies  in  which  such  ulceration 
may  be  expected  to  occur,  cannot  at  present  be  made,  because  of  the  small 
number  of  cases.     The  risk  has  been  placed  at  less  than  two  per  cent. 

In  respect  both  of  its  macroscopic  and  its  microscopic  appearance  the  ulcer 
is  similar  to  the  peptic  ulcer  which  occurs  in  the  stomach  or  in  the  duodenum. 
It  is  usually  single ;  in  only  three  out  of  twenty-four  cases  was  it  multiple,  four 
ulcers  being  present  in  one  of  these  instances.  It  may  be  associated  with  simi- 
lar ulcers  of  the  stomach  or  the  duodenum.  The  usual  location  is  at  the  stoma 
or  in  the  jejunum,  within  from  1  to  7  cm.  of  the  stoma,  and  generally  in  the 
distal  limb  of  the  loop.  In  one  case  the  ulcer  was  found  near  the  stoma  of  an 
entero-enterostomy . 
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Mikulicz  reports  the  case  of  a  child,  three  months  of  age,  in  whom  the  ulcer 
formed  after  an  operation  for  congenital  stenosis  of  the  pylorus.  On  the  other 
hand,  it  has  been  known  to  de\-elop  as  late  in  life  as  at  the  age  of  fifty-nine  years. 
The  average  age,  however,  is  somewhat  oxvv  thirty  years.  Ulcers  of  this  variety 
occur  aft(>r  gastro-enterostomy  with  or  without  stenosis  of  the  pylorus. 

II.  .].  Patterson  suggests  that  in  most  instances  hyperchlorhydria  is  due  to 
insufhcient  size  or  inefficient  working  of  the  anastomotic  opening.  Oral  sepsis 
or  long-continued  indiscretion  or  excesses  in  diet  may  lead  to  septic  gastritis 
and  stasis  with  hyperchlorhydria. 

In  one  case  an  injury  done  to  the  abdominal  wall  was  supposed  to  be  the 
cause.  Direct  injury  by  food  particles,  or  indirect  injury  to  the  mucous  mem- 
brane at  the  time  of  operation,  may  account  for  some  of  these  cases.  With 
arteriosclerosis  of  the  blood-vessels  of  the  mesentery,  a  very  slight  kinking  of 
that  structure  may  interfere  with  the  blood-supply  and  so  predispose  to  the 
formation  of  ulcer. 

The  frequent  development  of  an  ulcer  after  the  anterior  operation  has  been 
explained  by  an  interference  with  the  circulation  of  the  loop  as  it  is  brought 
over  the  colon  and  the  omentum.  In  Mikulicz's  consideration  of  the  subject, 
he  states  that  it  always  followed  anterior  gastro-enterostomy,  but,  in  thirty-four 
cases  in  which  the  location  of  the  anastomosis  is  mentioned,  it  is  found  that  the 
anterior  method  was  employed  twenty-five  times,  in  six  of  which  an  additional 
entero-anastomosis  was  made,  and  that  in  one  a  previous  pyloroplasty  had 
been  done,  and,  further,  that  there  were  nine  in  which  posterior  gastro-enteros- 
tomy was  the  method  chosen,  in  only  two  of  which  cases  was  entero-enterostomy 
performed.  The  great  majority  of  the  cases  referred  to  above  are  from  the 
Gemian  clinics,  where  the  anterior  operation  has  most  frequently  been  em- 
ployed. ^^^lether  the  loop  of  the  jejunum  was  twisted  or  not,  we  do  not  know, 
and  sufficient  data  are  not  given  to  warrant  an  opinion  as  to  this  being  a  possible 
etiological  factor.  But  in  the  posterior  operations  there  has  probably  been  a 
twisted  and  longer  loop  than  is  customary  with  the  more  recent  and  more 
highly  perfected  technique,  which  brings  the  opening  in  the  jejunum  farther 
from  the  duodenum.  In  the  posterior  operation  the  jejunal  opening  is  about 
nine  inches  distant  from  the  origin  of  the  jejunum;  in  the  anterior  operation 
the  opening  is  from  sixteen  to  twenty  inches  from  that  point.  It  would  seem 
that  with  the  no-loop  and  no-tmst  posterior  gastro-jejunostomy,  the  danger 
of  peptic  jejunal  ulcer  is  reduced  to  a  minimum. 

Symptoms. — The  symptoms  are  those  of  gastric  or  duodenal  ulcer.  Jejunal 
ulcer  should  be  considered  as  a  possibility  in  every  case  in  which  there  is  a 
return  of  the  symptoms  for  which  the  gastro-enterostomy  had  been  performed. 
The  sjTiiptoms  may  be  latent  and  may  be  ushered  in  by  an  acute  hemorrhage 
or  by  the  occurrence  of  a  perforation,  with  intense  pain  followed  by  the  usual 
signs  of  peritonitis.  Acute  perforation  and  general  peritonitis  took  place  in 
fourteen  of  thirty-four  cases. 

The  length  of  time  between  the  operation  and  the  onset  of  the  sjmiptoms 
may  vary  wdthin  marked  limits.     The  presence  of  a  symptomless  period  of  longer 
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or  shorter  duration  after  the  gastro-enterostomy  is  necessary  for  the  purpose 
of  exckiding  an  uninterrupted  continuation  of  the  symptoms  for  which  the  oper- 
ation was  performed.  In  thirty-six  cases  in  which  this  interval  was  mentioned 
there  were: — 

8  cases  in  which  it  lasted  6  months  or  less; 

4       "     "       "       "     "        between  I-  and  1  year;   and 
10       "     "       "       "     "        between  1  and  2  years. 
In  the  remainder  the  symptoms  returned  after  2  years. 

The  shortest  interval  was  ten  days  and  the  longest  nine  years. 

Differential  Diagnosis. — A  differential  diagnosis  can  rarely  be  made 
between  peptic  ulcer  of  the  jejunum  and  a  return  of  gastric  or  duodenal  ulcer, 
closure  of  stoma,  adhesions,  kinks  or  other  forms  of  incomplete  obstruction, 
or  the  so-called  vicious  circle,  as  they  all  may  give  rise  to  similar  symptoms. 

In  one  of  my  own  cases  anterior  gastro-jejunostomy  was  performed  in  1903 
for  gastric  ulcer  with  pyloric  stenosis  and  dilatation  of  the  stomach.  This 
was  followed  l^y  relief  for  two  years,  after  which  there  was  a  gradual  return 
and  increase  of  stomach  symptoms.  Three  years  after  the  operation  these 
symptoms  demanded  a  second  operation,  at  which  there  was  found  a  cicatricial 
stenosis  of  the  pylorus  with  dilatation  of  the  stomach  and  practical  obliteration 
of  the  gastro-intestinal  stoma.  A  piece  of  linen  about  half  an  inch  in  length 
was  attached  to  the  mucous  surface  at  the  linear  cicatrix  which  marked  the  site 
of  the  gastro-intestinal  anastomosis.  At  one  end  of  this  cicatricial  depression, 
the  end  toward  the  cardia,  there  was  a  marked  induration  or  thickening  of  the 
jejunal  wall.  This  mass  was  about  one-half  inch  in  length,  one-ciuarter  inch 
wide,  and  elevated  one-eighth  of  an  inch  above  the  surrounding  mucosa.  It 
was  fibrous  in  consistency,  with  its  surface  white  and  smooth.  It  extended 
through  the  jejunal  wall  to  the  greater  curvature  of  the  stomach,  to  which  it 
was  adherent.  A  second  anterior  gastro-enterostomy  was  done,  and  this  was 
followed  by  a  prompt  and  thus  far  (three  years)  perfect  recovery.     (Fig.  276.) 

Bibliography. — Connell,  in  Surgery,  Gyn.,  and  Obstetrics,  Jan.,  1908. — Key, 
in  Surgery,  Gyn.,  and  Obstetrics,  for  March,  1908,  p.  327.  (Abstract  from  Nord. 
Med.  Ark.,  Nos.  3  and  5,  1907.) 

Typhoid  Perforation. — The  frequency  of  the  occurrence  of  perforation  in 
the  ulcers  of  typhoid  fever  has  been  variously  estimated  from  one  per  cent  to 
eleven  per  cent.  In  1904  Hart  and  Ashhurst  collected  8,881  cases  of  typhoid 
fever  with  225  perforations  (2.54  per  cent).  The  frequency  is  now  generally 
looked  upon  as  between  2.5  per  cent  and  3  per  cent. 

The  perforation  occurs  usually  in  an  ulcer  which  is  located  in  the  ileum. 
In  seventy-three  per  cent  it  occurs  within  twelve  inches  of  the  csecum,  the  large 
bowel  being  much  less  frequently  involved.  The  usual  sites,  in  the  order  of 
their  frequency,  are:  ileum,  csecum,  ascending  colon,  transverse  colon,  and 
sigmoid  flexure.     It  may  also  occur  in  the  appendix  or  in  Meckel's  diverticulum. 

The  perforations  in  typhoid  are  generally  single.  In  two  hundred  and 
seventy-one  cases  multiple  perforations  were  found  thirty- five  times.  The 
perforation  may  be  an  opening  no  larger  than  the  point  of  a  pin  at  the  base  of 
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an  ulcer,  or  it  may  be  of  large  size,  due  to  sloughing  of  the  intestinal  wall:  or 
it  may  be  cribriform  in  character.  It  may  not  be  recognizable  until  after  a 
flake  of  lyni})h  has  brcn  n>inovt>d,  thus  displaying  to  view  a  dark  spot  in  the 
centre  of  an  intensely  congested  area. 

The  perforation  may  be  caused  by  a  direct  extension  of  the  ulcerative  proc- 
ess through  the  entire  bowel  wall,  or  it  may  be  caused  by  rupture  due  to  dis- 
tention of  the  intestine  with  gas,  fluid,  or  scybala,  to  straining  at  stool,  or  to  a 
direct  injury  infiieted  by  solid  food.  It  occurs  more  frequently  in  males  than  in 
females,  and  more  particularly  in  young  adults.  It  is  more  likely  to  take  place 
during  the  third  or  fourth  week  of  the  attack.  It  mav  occur,  howe^•er.  during: 
the  second  week,  or  indeed  at  any  time  thereafter,  the  danger  being  constant 


Fig.   276. — Healed  Perforated  Jejunal  IHcer  at   One  Extremity  of  the  Obliterated   Stoma,  after 
Anterior  Gastro-enterostomy.      (Author's  Case.) 

imtil  convalescence  is  passed  and  recovers'  lias  been  established.  The  perfora- 
tion is  usually  situated  opposite  the  mesentery  at  the  fundal  line,  where  the 
blood-supply  is  least  and  where  the  h-mph  follicles  are  situated.  Perforation 
may  rarely  occur  at  the  concave  border  or  along  the  line  of  attachment  to  the 
mesentery.  When  this  occurs,  the  contents  of  the  bowel  accmnulate  between 
the  layers  of  the  mesentery  and  produce  a  condition  which  simulates  very 
closely  the  suppuration  of  a  mesenteric  h^nph  node. 

Dlygxgsis. — The  all-important  point  in  the  consideration  of  typhoid  per- 
forations is  the  diagnosis.  The  treatment,  when  indicated,  is  plain;  the  result 
depending  largely  upon  the  promptness  with  which  it  is  carried  out. 

Symptoms. — The  symptoms  are  not  well-defined,  but  the  most  tmstworthy 
is  the  occurrence  of  a  sharp,  sudden,  severe  pain,  with  nausea  or  vomiting, 
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muscular  rigidity,  and  tenderness  usually  localized  in  the  right  lower  quadrant 
of  the  abdomen.  Severe,  sudden  pain,  with  nausea  or  vomiting,  occurring 
during  the  course  of  typhoid  fever,  should  always  make  us  extremely  suspicious 
of  perforation  and  should  demand  the  closest  attention.  Tenderness  and  rigid- 
ity soon  follow  the  initial  pain. 

Other  symptoms  are  unreliable.  Thus,  for  example,  there  may  or  may 
not  be  free  gas  in  the  peritoneal  cavity,  with  obliteration  of  the  area  of  liver 
dulness;  free  fluid,  also,  as  indicated  by  dulness  in  the  flanks,  may  or  may  not 
be  present.  Collapse,  as  a  rule,  is  a  late  symptom.  After,  perhaps,  a  primary 
fall,  the  pulse  usually  rises.  The  temperature  falls  and  subsequently  rises; 
abdominal  respiration  disappears;  the  blood-pressure  is  raised;  the  blood- 
count  is  usually  unsatisfactory,  but  it  may  be  of  some  assistance  in  differenti- 
ating a  perforation  from  hemorrhage.  Perforation  may  be  confused  with  any 
acute  abdominal  emergency.  In  typhoid,  for  example,  it  is  particularly  liable 
to  be  confused  with  rupture  of  a  retroperitoneal  lymph  node,  embolism  or  throm- 
bosis of  mesenteric  vessels,  intussusception,  volvulus,  appendicitis,  etc.  For- 
tunately, these  conditions  are  surgical  and  demand  an  opening  of  the  abdomen. 
On  the  other  hand,  perforation  may  be  mistaken  for  hemorrhage,  and  up  to 
the  present  time  operation  is  not  generally  advised  in  cases  of  intestinal 
hemorrhage. 

Great  care  must  be  taken  to  exclude  pneumonia,  hysteria,  pleurisy,  reten- 
tion of  urine,  renal  or  ureteral  calculi,  and  iliac  or  femoral  thrombosis.  Of  six 
patients  who  were  operated  upon,  but  in  whom  no  perforation  was  found, 
three  died. 

Until  the  diagnosis  is  determined  upon,  opium  should  be  withheld,  for  its 
use  might  possibly  mask  the  symptoms  of  peritonitis. 

In  1889  the  operative  mortality  rate,  in  10  cases,  was  90  per  cent.  In 
the  362  cases  collected  by  Hart  and  Ashhurst  in  1903,  the  mortality  rate  was 
74  per  cent.  In  Allaben's  524  cases  the  mortality  rate,  up  to  January,  1907, 
was  only  62  per  cent.  In  smaller  series  the  mortality  has  been  reduced  to 
less  than  50  per  cent— even  to  21.6  per  cent,  according  to  Scott. 

Hart  and  Ashhurst's  tables  show  that  operation  during  the  first  twelve 
hours  after  perforation  gave  a  mortality  of  73  per  cent;  during  the  second 
twelve  hours  after  perforation,  73.8  per  cent;  during  the  third  twelve  hours 
after  perforation,  93  per  cent;  and,  at  some  period  beyond  thirty-six  hours, 
67  per  cent. 

Abdominal  section  for  the  purpose  of  suturing  typhoid  perforations  was 
first  suggested  in  Europe  by  Leyden  and  successfully  carried  out  by  Mikulicz, 
in  1884.  I.  C.  Wilson,  of  Philadelphia,  in  1896,  independently  urged  such  an 
operation.  The  first  successful  attempt  in  America  is  credited  to  Van  Hook, 
of  Chicago.  Since  then  such  operations  have  become  the  recognized  line  of 
treatment,  and  up  to  1903  Hart  and  Ashhurst  were  able  to  collect  three-hundred 
and  sixty-two  reported  cases  of  operation  for  the  repair  of  typhoid  perforation. 
Allaben  collected  one  hundred  and  sixty-two  additional  reported  operations 
from  January,  1903,  to  1907. 
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More  than  one  jjcrforation  should  always  be  looked  for,  as  multiple  per- 
forations occur  in  sixteen  ])vr  cent  of  these  cases,  and  any  threatening  point 
should  be  inverted.  Omental  grafting  may  be  resorted  to;  resection  of  a  seg- 
ment of  the  bowt'l  will  rarcl}-  be  necessary.  The  use  of  a  purse-string  suture 
will  be  sufficient  for  small  perforations,  while  the  large  openings  will  require 
longitudinal  or  transverse  suturing.  Excision  of  the  ulcer  is  unnecessary. 
Drainage,  either  with  the  cigarette  drain  or  with  a  split  tube  containing  a  gauze 
wick,  should  always  be  resorted  to. 

Bibliography. — Hart  and  Ashhurst,  in  Annals  of  Surgery,  January,  1904. — 
Allaben,  in  Trans,  of  the  Anier.  Med.  Association,  Surg.  Section,  1907. 

Tuberculous  Ulcers. — Tuberculosis  of  the  intestine  is  not  infrecfuent.  It 
may  be  either  primary  or  secondary.  In  a  large  proportion  of  cases  (about 
eighty-five  per  cent)  it  is  found  to  involve  the  ileo-csecal  region.  It  occurs 
most  frecjuently  in  young  adult  life,  but  may  occur  in  very  young  subjects. 
These  ulcers  are  usually  situated  in  the  caecum  or  in  the  lower  ileum,  supposedly 
because  the  slow  fecal  current  at  this  location  allows  the  tubercle  bacilli  to  be- 
come implanted  within  the  mucosa.  They  may  be  found  anywhere  from  the 
duodenmn  to  the  rectum.  The  mesenteric  Ijnmph  nodes  are  generally  involved. 
Tuberculosis  of  the  intestines  commonly  occurs  between  the  ages  of  twenty 
and  forty  years,  and  in  one  sex  as  often  as  in  the  other. 

Since  it  has  been  demonstrated  beyond  a  doubt  that  tubercle  bacilli 
may  traverse  a  perfectly  nomial  intestinal  wall,  it  is  becoming  a  general 
belief  that,  in  a.  large  proportion  of  cases  of  pulmonary  and  other  forms 
of  tuberculosis,  the  infection  atrium  is  seated  in  tlie  intestine.  In  four 
hundred  and  nineteen  autopsies  on  tuberculous  subjects  in  Berlin,  Wagner 
found  twenty  instances  in  which  he  considered  the  intestinal  lesion  to  be 
primary. 

In  the  secondary  form  of  the  intestinal  disease  the  lesion  is  the  result  of  a 
primary  tuberculosis  in  some  location  other  than  the  intestine.  The  secondary 
fomi  is  more  common.  In  1901  Koch  had  seen  only  two  primary  cases,  but 
later  he  collected  twenty-eight  cases.  Weigert  is  given  as  an  authorit}'  for  the 
statement  that,  in  ninety  per  cent  of  the  cases  of  tuberculosis  of  the  lung,  the 
disease  is  followed  by  infection  of  the  intestine.  But,  recently,  primary  intes- 
tinal tuberculosis  has  been  found  more  frequently,  especially  in  children.  A 
personal  case  of  the  writer's  would  seem  to  illustrate  this: — 

A  boy,  3^  years  of  age,  was  admitted  to  the  hospital  suffering  from  tuberculosis 
of  one  knee-joint,  the  focus  being  in  the  epiphysis  of  the  femur.  An  atypical 
excision  was  made  and  complete  recovery  followed.  At  this  time  there  was  given 
a  history  of  bowel  trouble  coming  on  when  the  child  was  eighteen  months  old 
and  lasting  four  months.  Diarrhoea,  with  great  emaciation  and  distention  of  the 
abdomen,  was  present.  The  child,  however,  seemed  to  make  a  good  recovery, 
and  remained  well  until  the  beginning  of  the  joint  trouble.  About  eighteen 
months  after  the  joint-resection  the  boy  was  again  admitted  to  the  hospital  suffer- 
ing from  complete  intestinal  obstruction  of  three  days'  duration.  At  operation  a 
loop  of  small  bowel  was  found  attached  to  a  healed  tuberculous  ulcer,  thus  pro- 
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clucing  the  ileus.     In  this  instance  the  joint-involvement  was  undoubtedly  second- 
ary to  a  prinian'  intestinal  tuberculosis. 

Another  form  of  intestinal  tuberculosis — one  of  more  interest  to  the  sur- 
geon because  of  its  amenability  to  radical  treatment — is  c^cal  or  ileo-csecal 
tuberculosis  (conglomerate  tuberculosis,  or  chronic  hyperplastic  tuberculosis 
of  the  intestine).  This  was  first  described  by  Durante  in  1890,  and  again  in 
1891  by  Billroth.  Since  then  it  has  been  ably  considered  by  many  others. 
This  localized  tuberculosis  is  characterized  by  a  marked  thickening  of  the  wall 
of  the  intestine,  with  some  constriction  of  its  calibre — changes  which  follow 
ulceration  and  cicatrization.  The  external  wall  of  the  csecum  is  usually  involved 
by  extension  from  the  mucosa,  though  the  source  of  infection  may  be  in  the 
lymph  nodes  or  in  the  peritoneum,  from  which  it  may  invade  the  bowel  through 
the  serosa.  Complete  obstruction  is  rare.  The  caecum  or  the  ileo-csecal  region 
is  usually  involved,  while  other  portions  of  the  bowel  are  rarely  involved. 
(Fig.  277.) 

Extension  to  the  caecum  is  more  common  than  extension  into  the  ileum; 
there  may  be  compensatory  hypertrophy  of  the  lower  ileum.  The  condition 
may  be  primary  or  secondary,  more  often  the  former  than  has  been  supposed. 
Hemmeter  says  that  tuberculosis  of  the  caecum,  with  advanced  tuberculous 
lesions  in  the  lungs,  is  very  rare,  but  in  two  personal  cases  observed  within 
the  past  year  we  have  found  advanced  pulmonary  tuberculous  disease  compli- 
cated by  hyperplastic  tuberculosis  of  the  caecum. 

The  symptoms  are  usually  those  of  intestinal  stenosis,  with  alternating 
constipation  and  diarrhcea  and  melaena.     There  is  an  evening  rise  of  temperature. 

Hemmeter  presents  the  following  schema,  which  is  adapted  from  Boas  for 
the   purpose   of   differentiating   between   carcinoma   and  tuberculosis   of  the 
caecum : — 

Tuberculosis.  Carcinoma. 

Age:  between  20  and  40.  Age:  rare  before  40th  year. 

Duration:  2  to  3  years.  Duration:   8  to  9  months. 

Lungs:   pulmonary  tuberculosis  more  or  less  Lungs:   Negative. 

evident. 

Tumor:   elongated;    intestine  palpable  as  an  Tumor:    sharply  circumscribed;    intes- 

elongated  thickened  cylinder.  tine  not  palpable. 

Stenosis:  always  present;  develops  slowly,  is  Stenosis:    develops  rapidly;    acoustical 

accompanied  by  striking,  splashing,  and  sounds  not  so  pronounced. 

musical  sounds. 

Stools:   blood  and  pus  rare;    tubercle  bacilli  Stools:    blood  and   pus  frequently  ob- 

frequently  present.  served;  tubercle  bacilli  absent. 

Fever:   generally  present.  Fever:   exceptional. 

Urine:    Ehrlich's  diazo- reaction  positive.  Urine:   Diazo-reaction  negative. 

The  treatment  consists  of  extirpation  if  practicable,  care  being  used  to  ex- 
tend the  field  of  operation  well  beyond  the  diseased  structures. 

Bibliography. — Koch,  in  Brit.  Med.  Jour.,  1901. — Wagner,  in  Berlin.  Min. 
Woch.,  Jan.  30th,  1905.— Shepherd,  in  Trans,  of  Brit.  Med.  Assoc'n,  1906.— 
Ito  and  Ashahara,  in  Deut.  Zeit.  f.  Chir.,  May,  1906. — Crowder,  in  Amer.  Jour, 
of  Med.  Sc,  June,  1900. — Hemmeter,  in  Jour,  of  Amer.  Med.  Assoc'n,  Feb.  29th, 
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1908. — Coiirath.  in  Beitrdge  zur  klin.  Chir.,  1898. — Hartnian,  in  Brit.  Med. 
Jour.,  April  13th,  1907;  Revue  de  Chir.,  Dec.;,  1907. — Hoffnieistor,  in  Beitrcige 
zur  klin.  Chir.,  X\TI.,  1896. 


VII.   ACTINOMYCOSIS   OF  THE  CECUM. 


In  two  hundred  patients  operated  upon  at  Greifswald  for  inflammation  of 
the  caecum,  Friederich  found  actinomycosis  in  four  per  cent.  The  primary 
scat  of  the  infection  may  be  in  the  appendix.     The  disease  develops  slowly  and 


Fig.  277. — Tuberculosis  of  the  Ctecum,  with  Perforation.  (Natural  size.)  Above,  is  a  cross- 
section  of  the  ascending  colon;  below  and  to  the  right,  is  the  ileum.  At  a  point  directly  opposite  the 
ileum,  is  a  perforation  of  the  caecum,  and  just  above  the  perforation  the  adipose  tissue  is  thickened 
and  there  is  a  constriction  of  the  bowel.  At  a  are  two  enlarged  and  tuberculous  hanph  nodes.  (From 
Cullen,  in  the  American  Journal  of  the  Medical  Sciences,  March,  1904.) 

is  characterized  by  a  hard  infiltration  which  sooner  or  later  involves  the  abdomi- 
nal wall  and  leads  to  the  formation  of  abscesses  and  sinuses. 

Surgical  intervention  is  rarely  satisfactory,  as  it  is  impossible  to  remove  all 
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of  the  infective  material.  It  is  claimed  tliat  better  results  are  obtained  by  the 
use  of  potassimn  iochde  in  large  interrupted  doses.     (Ochsner.) 

In  a  preliminary  report  on  the  "Treatment  of  Actinomycosis  and  Blasto- 
mycosis with  Copper  Salt/'  Bevan  recommends  the  use  of  copper  sulphate  in 
doses  of  one-fourth  grain  increased  gradually  to  one  grain  three  times  daily. 
He  further  advises  the  use  of  a  one-per-cent  solution  of  the  salt  in  irrigation 
of  the  sinuses  and  abscess  cavities. 

Bibliography. — Friederich,  in  Deut.  med.  Woch.,  XXXII. ,  31,  1906. — 
Ochsner,  in  Annals  of  Surgery,  \^ol.  37. — Yon  Baracz,  ibidem. — Bevan, 
Haines,  and  Smith,  in  Annals  of  Surgery,  Vol.  41. — Bevan,  in  Jour.  Am.  Med. 
Assoc,  Xov.  11th,  1905. 

VIII.  PERITONEAL  ADHESIONS;    EMBOLISM  AND  THROMBOSIS 
OF  MESENTERIC  VESSELS. 

Peritoneal  Adhesions. — It  is  estimated  that  post-operative  adhesions  act 
directly  or  indirectly  as  a  cause  of  ileus  in  seventy-eight  per  cent.  As  a  pre- 
ventive measure  in  all  abdominal  operations,  all  denuded  peritoneal  surfaces 
should,  as  far  as  possible,  be  covered  with  normal  serosa  or  omentum,  and  all 
blood-clots  should  be  removed  from  the  abdominal  cavity.  Gentleness  in 
manipulation  and  the  cautious  use  of  compresses  and  sponges  wet  with  nor- 
mal salt  solution,  instead  of  being  used  dry,  aid'  in  preventing  adhesions.  If 
capillary  drainage  is  desired,  the  gauze  or  wick  should  be  surrounded  with 
gutta-percha  tissue,  or,  better  still,  one  may  employ  for  the  purpose  rubber 
tubing,  spUt  on  one  side  the  entire  length  and  the  interior  filled  with  a  wick 
of  gauze.  The  use  of  aristol,  Cargile  membrane  (ox  peritoneum),  sterile  oil, 
or  other  substances  applied  locally,  have  not  proven  of  value.  Extensive  ad- 
hesions may  be  present  without  giving  rise  to  symptoms  unless  the  fecal  stream 
should  be  interfered  with  by  strangulation,  stenosis,  or  some  form  of  mechan- 
ical obstruction. 

If  surgical  intervention  is  demanded  it  must  be  directed  toward  the  re- 
moval of  the  partial  or  complete  obstruction  caused  by  this  condition. 

Embolism  and  Thrombosis  of  Mesenteric  Vessels. — Interference  with  the 
circulation  of  the  mesenteric  vessels  may  be  brought  about  by  embolism  or  by 
thrombosis.  A  majority  of  cases  occur  in  men  between  the  ages  of  thirty  and 
sixty.  Embolism  is  generally  due  to  an  endocarditis,  a  detached  fragment  from 
a  diseased  valve  becoming  lodged  in  the  mesenteric  artery,  or  it  may  originate 
from  any  thrombosis. 

Arteriosclerosis,  the  pressure  of  new-gro^\i;hs,  or  too  violent  manipulation 
of  the  mesentery  at  the  time  of  the  operation  may  give  rise  to  a  thrombosis. 
In  making  a  posterior  gastro-enterostomy  one  may  easily  catch  the  colica  media 
(in  the  transverse  meso-colon)  in  a  suture  and  thus  cause  serious  interference 
with  the  blood-supply.  It  has  been  demonstrated  experimentally  that  the 
symptoms  are  much  more  abrupt  and  acute  when  the  venous  circulation  is 
interfered  -udth  than  when  the  arterial  supply  is  cut  off.     The  condition  varies 
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according  to  the  site,  extent,  and  duration  of  the  vascular  occlusion.  The  bowel 
ma}'  be  merely  congested  and  oedematous,  or  it  may  be  gangrenous,  with  a  local 
or  general  i)eritonitis.  The  line  of  demarcation  is  usually  distinct.  The  extent 
of  involvement  may  vary  from  a  small  area  to  one  in  which  the  entire  small 
bowel  and  part  of  the  large  intestine  is  involved.  Gangrenous  sections  of  the 
bowel,  from  one  inch  to  twenty  feet  in  length,  have  been  observed.  The  mes- 
entery is  usually  thickened  and  may  be  the  site  of  a  hsematoma.  In  a  per- 
sonal case  there  was  an  embolism  in  both  superior  and  inferior  mesenteric  ves- 
sels, as  shown  in  Plate  LI  I. 

The  cases  may  be  divided  into  acute  and  chronic,  in  accordance  with  the 
varying  degree  and  extent  of  the  involvement.  The  acute  cases  are  the  more 
common,  the  onset  being  sudden  and  violent.  Severe  abdominal  pain,  with 
nausea  and  vomiting,  hsematemesis,  and  diarrhoea  with  melsena  complete  the 
picture  of  dynamic  ileus,  which  ends  in  death  in  a  few  hours  or  days.  In  the 
chronic  cases  the  onset  is  insidious;  there  are  vague  dyspeptic  symptoms,  with 
perhaps  intermissions  of  varying  duration. 

Surgical  measures  are  usually  of  no  avail.  If  a  prompt  operation  is  made, 
and  if  the  extent  of  bowel  involved  is  limited  and  the  line  of  demarcation  dis- 
tinct, an  enterectomy  may  be  done.  Under  these  circumstances  the  divided 
bowel  ends  must  be  anchored  in  the  abdominal  wound  as  a  temporary  measure. 

Bibliography. — Childe,  in  Brit.  Med.  Jour.,  1907,  Vol.  11,  p.  891. — 
Haagn,  in  Jour,  of  Amer.  Med.  Assoc,  July,  1908,  p.  136. 

IX.   OBSTRUCTION   OF  THE   BOWELS. 

Dynamic  Ileus. — The  most  common  cause  of  this  condition  is  peritonitis, 
which  inhibits  the  motor  mechanism  of  the  intestine.  Abdominal  traumatism 
may  be  followed  by  intestinal  paresis,  and  rough  manipulation  of  the  intestine 
or  mesentery  during  operation  may  have  the  same  effect.  Murphy  classes  those 
obstructions  which  are  due  to  paralysis  or  absence 'of  peristalsis,  as  adynamic, 
and  under  dynamic  he  includes  those  rare  cases  of  tonic  contraction  of  the 
circular  muscle  of  the  bowel,  such  as  may  occur  in  lead  or  tyrotoxicon  poisoning. 

Renal  or  biliary  colic,  strangulation  of  the  omentum,  and  injury  to  the 
testicle  or  ovary  may  be  followed  by  a  reflex  dynamic  ileus.  It  may  also  fol- 
low severe  spinal  injury.  The  symptoms — pain,  nausea  and  vomiting,  dis-- 
tention,  and  rigidity — are  common  to  all  forms  of  peritoneal  inflammation. 
Cathartics  are  absolutely  contra-indicated  until  peristalsis  is  re-established. 
Stomach  and  colonic  lavage  may  be  resorted  to  while  one  is  waiting  to  differ- 
entiate between  this  and  some  other  form  of  obstruction. 

Mechanical  Ileus. — Mechanical  ileus,  when  complete,  may  be  divided  into 
strangulation  and  obturation. 

Strangulation. — Strangulation  implies  not  only  an  interference  with  the 
fecal  current,  but  also  an  interference  with  the  blood-supply  and  the  nerve- 
suppty  of  the  part  of  the  bowel  involved.  There  is,  first,  venous  .stasis,  and  this 
is  followed  by  arterial  obstruction  which  leads  to  gangrene  if  not  relieved.     A 
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strangulated  hernia  affords  the  most  common  example  of  this  condition.  In- 
ternal strangulation  may  take  place  as  the  result  of  a  loop  of  intestine  becom- 
ing caught  under  a  peritoneal  band,  an  appendix,  or  a  Meckel's  diverticulum, 
or  by  entering  a  hole  or  sht  in  the  mesentery. 

^^olvulus. — Volvulus,  which  occurs  in  about  1  in  40  of  all  cases  of  intes- 
tinal obstruction,  is  a  form  of  strangulation  the  result  of  twisting  of  the  bowel 
upon  its  mesenteric  axis.  A  twisting  of  more  than  two-fifths  of  a  circle  is 
necessary  to  produce  obstruction  and  chsturb  the  circulation  of  the  part.  It 
occurs  most  frequently  in  the  large  intestine,  notably  in  the  sigmoid  flexure. 
In  fifty-eight  cases  of  mechanical  ileus  occurring  in  Goebel's  clinic,  fourteen 

were  due  to  volvulus.  It  may  be  simple  or  com- 
pound :  simple  when  a  single  loop  is  twdsted  around 
its  mesenteric  axis,  compound  when  two  or  more 
loops  are  twisted  around  each  other. 

Volvulus  occurs  more  frequently  in  men  than  in 
women,  and  in  the  sigmoid  more  often  than  in  other 
portions  of  the  bowel.  As  regards  the  age  at  which 
it  occurs,  it  may  be  said  that  it  is  observed  more 
frequently  in  adults  than  in  children. 

Volvulus  is  due  to  causes  which  may  be  either 
congenital  or  acquired.  As  a  congenital  cause  may 
be  mentioned  some  abnormality  of  the  mesentery, 
this  structure  being  absent  where  it  should  normally 
be  present,  and  present  where  normally  it  should  be 
absent.  Moynihan  calls  this  an  "excess  or  a  defi- 
ciency of  physiological  fusion"  of  the  primitive  layers 
of  the  peritonemn.  Undue  elongation  of  the  bowel 
or  shortening  of  the  mesentery  is  a  most  important 
factor.  Congenital  stenosis  or  atresia  may  cause  a 
volvulus.  Undue  length  of  the  loop  of  the  sigmoid, 
with  a  constriction  at  its  neck,  is  a  congenital  mal- 
formation which  tends  to  produce  volvulus  of  the 
sigmoid.  An  abnoimal  shortening  of  the  root  of  the  mesentery  has  allowed  the 
fonnation  of  a  volvulus  of  the  entire  small  bowel,  ^^aughan  has  collected  twenty- 
one  such  instances.  It  frequently  occurs  in  connection  with  hernia;  and  vol- 
vulus of  the  small  intestine  has  occurred  during  the  course  of  typhoid  fever, 
the  symptoms  in  such  a  case  resembling  closely  those  of  a  perforation. 

Though  volvulus  is  a  rare  condition  in  the  small  intestine,  Richter  collected 
the  cases  which  had  been  reported  previously  to  1901;  he  found  a  total  of  sixty- 
six,  forty-one  of  which  were  in  the  ileum.  Scudder  recently  reported  an  instance 
of  volvulus  of  the  jejunum,  practically  at  its  origin. 

The  symptoms  are  those  common  to  other  forms  of  intestinal  obstruction. 
In  volvidus  of  the  sigmoid  marked  distention  and  the  presence  of  a  mass  in 
the  left  side  are  characteristic  features.  A  diagnosis  other  than  that  of  ob- 
struction cannot,  however,  always  be  made. 


h  h 

Fig.  278. — Diagrammatic 
Vertical  Section  of  a  Single 
Intestinal  Intussusception. 
(From  Bryant's  "  Operative 
Surgery,"  D.  Appleton  &  Co., 
New  York,  Publishers.) 

a,  The  apex ;  h  b,  the  neck ; 
c  c,  the  entering  layers ;  d  d,  the 
returning  laj^ers;  c  and  d,  the 
intussusceptvmi ;  e  e,  the  intus- 
suscipiens ;  /  /,  the  jDeritoneum ; 
g  g,  the  rauscular  coat  of  the 
intestine;  h  h,  the  naucous 
membrane  of  the  intestine. 


EXPLANATION    OF   PLATE    LI. 
Embolism  of  Both  the  Superior  and  the  Inferior  Mesenteric  Arteries. 

Fig.   1   shows  gangrene    of  large    and   small   bowel   due   to  embolism   of   both  superior   and  inferior 

mesenteric  arteries. 

Fig.  2  shows  location  of  emboHsm  in  superior  mesenteric  artery,  causing  gangrene  of  small  intestine. 

Fig.  3  shows  location  of  embolism  in  inferior  mesenteric  artery,  causing  gangrene  of  descending  colon. 
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Sic  I  ION  \  I,   \'ih:\v   Oh'   Ex'i'icMsivK  Gan(;r1':n'Ous   In-i'ussusci'',I' riox,    Di'h;    ro   an 

IXVKRTED    MkCKEL's    DIVERTICULUM 

I'^'roni  1  )r.  R.  C.  Coffey's  Article  in  "The  Annals  of  Suri^ery,"  January,  1907 
].  P>.  i^ippincott  Company,  Publishers,  Philadelphia 
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Success  in  operations  for  volvulus,  as  for  other  conditions  which  produce 
intestinal  obstruction,  depends  to  a  great  degree  upon  the  promptness  with 
which  they  are  carried  out.  The  mortality  following  operation  rises  very  rap- 
idly in  those  done  after  the  first  forty-eight  hours. 

When  a  volvulus  is  exposed  an  attempt  at  detorsion  should  be  made.  If 
the  bowel  is  greatly  distended,  this  untwisting  may  be  impossible  until  after 


Fig.  279. — The  Drawing  Shows  the  Appearances  of  the  Parts  in  an  Acute  Dilatation  of  the  Stomach 
and  Duodenum.  The  structures  exposed  to  view  are  the  stomach,  the  lower  portion  of  the  duodenum, 
the  mesentery  and  collapsed  jejunum,  and  the  transverse  colon,  which  latter  has  been  lifted  into  view. 
(From  Dr.  Joseph  C.  Bloodgood,  in  An7ials  of  Surgery,  November,  1907.  J.  B.  Lippincott  Company, 
Pliiladelpliia,  Publishers.) 


the  contents  of  the  loop  have  first  been  emptied  through  an  incision.  After 
detorsion,  the  bowel  should  be  enveloped  in  a  compress  wrung  out  of  hot  nor- 
mal salt  solution  until  the  question  of  viability  is  settled.  If  this  question  still 
remains  in  doubt  after  a  reasonable  effort  in  this  manner  has  been  made,  an 
enterostomy  may  be  performed  or  the  suspicious  loop  may  be  surrounded  by 
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gauze  packing  just  within  the  wound,  to  protect  the  abdominal  cavity  in  case 
gangrene  occurs.  If  the  bowel  is  already  gangrenous,  enterectomy  will  be 
called  for,  care  being  taken  to  go  well  beyond  the  damaged  area.  An  end-to- 
end  or  lateral  union  may  be  made.  If  the  patient's  condition  is  such  that  this 
is  not  warranted,  the  ends  may  be  rapidly  stitched  into  the  abdominal  wound 
and  enterorrhaphy  performed  later. 

If  the  mesosigmoid  is  especially  long,  it  may  be  sutured  to  the  parietal  peri- 
toneum as  a  precaution  against  recurrence. 

Intussusception. — Intussusception  possesses  the  characteristics  of  both 
strangulation  and  obturation. 

An  intussusception  consists  of  a  telescoping  of  one  part  of  the  bowel  into 
another, — an  invagination.  It  is  usually  downward,  but  may  be  ascending. 
Such  an  invagination  will  be  found  to  consist  of  three  tubes,  the  outer  one  of 


Fig.  280. — The  Drawing  Shows  a  Small  Fibroid  of  the  Ileum,  Located  About  Four  Inches  above 
the  Ileo-Csecal  Valve.  The  presence  of  this  tumor  produced  obstruction  of  the  bowel,  wliich  eventually 
led  to  the  patient's  death.  The  dimensions  of  the  growth,  which  sprang  from  the  mesenteric  attach- 
ment, were:  3.5  cm.  x  2.2  cm.  x  2.5  cm.  The  greatest  diameter  ran  in  a  transverse  direction.  (From 
Dewis,  in  the  Boston  Medical  and  Surgical  Journal,  October  18th,  1906.) 

which  is  called  the  intussuscipiens.  The  intussusceptum,  the  part  that  enters, 
is  again  divided  into  an  entering  and  a  returning  portion.  The  point  of  union 
of  the  intussuscipiens  and  the  intussusceptum  is  known  as  the  neck,  and  the 
junction  between  the  entering  and  returning  intussusceptum  is  called  the  head 
or  apex.     (Fig.  278,  and  Plate  LI.) 

The  description  given  above  is  that  of  the  usual  condition,  but  a  double 
intussusception,  in  which  there  are  five  tubes  instead  of  three,  does  occur.  In 
one  hundred  and  seventy-five  cases  collected  from  the  reports  of  Corner,  Wal- 
lace, Fagge,  and  Clubbe,  ninety-nine  were  double. 

Triple  and  even  quadruple  invaginations  have  been  observed.  Hektoen  has  re- 
ported an  instance  of  the  latter  in  which  all  were  of  the  ascending  type  and  located 
in  the  ileum.  The  condition  is  especially  frequent  in  children  up  to  the  fifth  year. 
In  1,560  cases  collected  from  the  literature  we  find  698  occurring  during  the  first 
year  of  life.     In  244  cases,  142  of  the  patients  were  males  and  102  females. 

The  most  common  location  of  an  intussusception  is  at  the  ileo-csecal  valve, 
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EMBOLISM  OF  BOTH  SUPERIOR  AND  INFERIOR  MESENTERIC  ARTERIES 

(From  drawings  made  for  the  author.) 
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and  when  not  situated  actually  at  the  valve  it  is  usually  in  its  neighborhood, 
either  above  or  below.  When  the  ileum  alone  is  involved  the  lesion  is  usually 
situated  in  the  lower  portion;   if  the  large  bowel  is  the  part  affected,  the  invagi- 


FiG.  2S1. — Sarcoma  of  the  Small  Intestine,  in  a  Boy  of  Six.  A  coil  of  small  intestine  ran  right 
tlirough  the  middle  of  the  growth.  (From  Gilbert  Barling,  in  Annals  of  Surgery,  February,  1907.  J. 
B.  Lippincott  Company,  Philadelphia,  Publishers.) 


nation  is  generally  located  in  the  sigmoid  flexure.     Intussusception  of  the  rectum 
or  of  the  duodenum  is  extremely  rare. 

The  ileo-csecal  is  the  most  frequent  variety  in  infants  because  of  the  fact 
that  the  csecum  has  a  comparatively  long  mesentery  in  early  life.  Later,  the 
csecum  becomes  more  firmly  attached  to  the  posterior  abdominal  wall.  There 
is  also  a  greater  disproportion  between  the  size  of  the  ileum  and  that  of  the 
csecum  at  this  age. 
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Tumors,  usually  pedunculated  and  benign  in  character,  may  produce  intus- 
susception by  their  presence  within  the  lumen  of  the  bowel.  Malignant  disease 
is  rarely  a  cause,  as  the  thickening  of  the  wall  incident  to  the  disease  prevents 
folding  of  the  organ.  The  invagination  of  a  Meckel's  diverticulum  may  act  as  an 
exciting  cause.  Cheyne  reports  no  fewer  than  seventeen  such  cases  in  1904, 
and  the  list  has  been  added  to  more  recently  by  Coffey  and  others.  (Plate 
LII.) 

The  symptoms  of  intussusception  in  general  are  those  of  intestinal  obstruc- 
tion. The  onset  is  acute,  and  is  characterized  by  pain,  vomiting,  diarrhoea, 
and  tenesmus  with  blood-stained  mucous  discharges.  Pulse  and  temperature 
may  be  normal,  and  a  palpable  tumor  may  be  discovered.  Pain  in  the  abdo- 
men is  usually  the  first  symptom ;  it  is  of  a  diffuse  character  and  often  very 
severe,  becoming  localized  later.  There  have  been  reported  numerous  cases 
in  which  spontaneous  sloughing  of  the  invaginated  portion  of  the  bowel,  result- 
ing in  a  cure,  has  taken  place.  This  is  said  to  occur  less  frequently  in  children 
than  in  adults. 

Operative  interference  can  alone  be  relied  upon,  and  the  character  of  the 
operation  must  depend  upon  the  conditions  found.  In  searching  for  the  cause 
of  the  condition  it  is  well  to  bear  in  mind  the  possibility  of  a  tumor  or  a  Meckel's 
diverticulum;  and,  if  such  a  lesion  should  be  found,  it  should  be  removed.  It 
is  well  to  bear  in  mind  that  operations  upon  the  intestine  in  5''0ung  children 
are  accompanied  by  a  very  high  mortality,  and  consequently  every  effort  should 
be  made,  in  the  case  of  a  child,  to  reduce  the  invagination  without  opening  the 
lumen  of  the  bowel. 

Obturation. — Obturation  is  a  term  used  for  describing  an  obstruction  of  the 
bowel  due  to  the  presence  of  some  neoplasm  or  foreign  substance  within  its 
lumen.  The  blood-supply  of  the  bowel  is  not  interfered,  with  in  this  condi- 
tion. Gall-stones  and  enteroliths  have  frequently  been  reported  as  causes  of 
this  condition.  Any  foreign  body  of  a  fairly  large  size,  that  has  passed  through 
the  stomach,  may,  either  alone  or  in  conjunction  with  impacted  fseces,  lodge  at 
some  particular  point  in  the  bowel  and  produce  obstruction. 

The  symptoms  are  not  so  acute  nor  so  pronounced  as  those  of  ileus  due  to 
strangulation.  The  onset  is  gradual,  usually  without  severe  pain  and  with  no 
shock  or  collapse.  Ordinarily,  there  is  increased  peristalsis,  and  later  the  usual 
symptoms  of  complete  obstruction  manifest  themselves. 

Treatment  consists  in  the  removal  of  the  offending  substance  by  operation. 
If  no  change  in  the  structure  of  the  intestinal  wall  has  taken  place,  a  simple 
enterotomy  may  be  sufficient. 

Chronic  Intestinal  Stenosis. — This  condition  may  vary  from  a  veiy  slight 
narrowing  of  the  intestinal  lumen  to  an  almost  complete  obstruction.  It  may 
exist  in  any  portion  of  the  large  or  small  bowel.  Adhesions,  cicatrices,  tuber- 
culosis, actinomycosis,  syphilitic  or  other  granulomata,  malignant  or  benign 
tumors  are  among  the  most  common  causes  of  this  condition. 

In  79  cases  of  intestinal  stricture,  Nikoljski  found  34  cases  (42  per  cent)  due 
to  tuberculosis;   14  (17.2  per  cent)  due  to  carcinoma,  and  12  (16  per  cent)  due 
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to  syphilis.  In  2  cases  the  stricture  was  caused  by  the  presence  of  a  benign 
tumor,  in  2  it  was  due  to  cicatricial  tissue,  in  1  it  followed  typhoid,  in  1  it  resulted 
from  a  dysenteric  ulceration,  and  in  15  it  was  due  to  unknown  causes. 


Fig.  282. — Torsion  of  the  Entire  Great  Omentum.  (From  Dr.  "William  FuUer,  in  Surgery,  Gynecology, 
and  Obstetrics,  August,  1908.) 

-.4.,  Pedicle  or  point  of  constriction  above  the  strangulated  omental  mass;  B,  greatly  stretched 
adhesions  twisted  into  a  slender  cord-like  structure. 

The  s}aiiptoms  of  chronic  intestinal  stenosis  are  usually  insidious  and  de- 
velop slowly,  but  occasionally  they  may  be  entirely  absent,  the  condition  being 
unsuspected  until  serious  symptoms  suddenly  arise.     The  time  of  their  appear- 
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ance  and  their  characteristics  depend  upon  the  location  of  the  o)3striiction. 
This  is  especially  true  in  cases  of  circular  carcinoma  of  the  bowel.  The  steno- 
sis may  be  multiple. 

If  the  stenosis  is  located  in  the  duodenum  the  symptoms  will  be  compara- 
tively late  in  presenting  themselves  because  of  the  liquid  character  of  the  con- 
tents. The  nature  of  the  symptoms  will  depend  upon  whether  the  stenosis 
is  located  above  or  below  the  opening  of  the  common  duct.  If  it  is  located 
above,  they  will  be  practically  the  same  as  those  in  pyloric  stenosis;  if  below, 
the  presence  of  bile  and  pancreatic  juice  in  the  vomited  matter  may  be  of  sig- 
nificance; but  unless  the  stricture  is  very  marked,  this  point  is  of  little  practical 
value.  When  the  stenosis  is  situated  at  the  papilla,  the  symptoms  may  very 
closely  simulate  those  of  cholelithiasis  or  of  carcinoma  of  the  head  of  the  pan- 
creas.    If  the  stenosis  is  located  in  the  upper  portion  of  the  jejuno-ileum,  the 


Fig.  283. — Sutures    of    Different    Kinds.      (Original.)     A,    Lembert' suture ; 

Czerny-Lembert  suture. 


B,  Czerny    suture;    C, 


symptoms  may  closely  resemble  those  of  gastric  disorder.  They  are  never  of 
a  well-defined  character.  Those  most  commonly  noted  are  indigestion,  eruc- 
tation of  gas,  bad  breath,  anorexia,  coated  tongue,  sometimes  constipation, 
vomiting,  meteorism,  colic,  and  visible  peristalsis.  The  most  important  symp- 
toms, in  their  bearing  upon  the  diagnosis,  are  the  attacks  of  colic  and  the  in- 
creased peristalsis.  These  attacks  do  not  present  themselves  until  the  stenosis 
is  considerably  advanced.  They  may  last  but  a  few  minutes,  or  they  may 
continue  for  a  number  of  days,  occasionally  culminating  in  an  acute  obstruc- 
tion. The  attack  of  pain  is  usually  accompanied  by  vomiting.  The  pain  in 
the  abdomen  may  be  localized  over  the  stenosis;  it  may  also  be  general,  or  it 
may  be  located  at  a  remote  point. 

In  the  earlier  stages  the  attacks  occur  at  longer  intervals,  the  patient  in  the 
mean  time  being  free  from  symptoms.     As  the  stenosis  gradually  becomes  more 
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marked  the  attacks  occur  more  frequently,  with  symptoms  which  become 
progressively  more  constant,  until  finally  the  symptom-complex  of  complete 
obstruction  is  cU'Vc'loped.  Meteorism  is  not  a  frequent  symptom,  because 
the  gas  is  able  to  force  its  way  through  even  a  marked  stenosis.  During 
attacks  of  colic  there  may  be  heard,  on  auscultation,  a  peculiar  hissing 
sound,   due   apparently   to   the  passing   of  gas  through   the   stricture.      The 


Fig.  284. — Circular  Enterorrhaphy ;    Czerny-Lembert  Method. 

bowels  may  move  normally   even   v/hen  the  stenosis   of   the  small   intestme 
is  marked. 

In  stenosis  of  the  large  bowel  the  symptoms  are  not  greatly  different  from 
those  noted  in  stricture  of  the  small  bowel,  except  that,  because  of  the  more 
solid  consistency  of  the  contents,  they  appear  eariier.  Constipation  is  more 
liable  to  be  prominent,  but  this  cannot  be  relied  upon.  Diarrhoea  may  be  one 
of  the  most  conspicuous  features  of  intestinal  stenosis  and  may  be  very  mis- 
leading. Quite  characteristic,  in  stenosis  of  the  large  intestine,  is  the  alterna- 
tion of  attacks  of  constipation  and  diarrhoea,  the  diarrha-a  being  caused  either 
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by  an  ulceration  of  the  mucous  membrane  or  b}'  attacks  of  catarrhal  inflam- 
mation due  to  the  irritation  of  an  accumulation  of  fecal  material. 

Bibliography. — Xikoljski,  in  '''\'olkmann's  Sammlung  klin.  \'ortrage," 
1903,  No.  362. 

Gastro-Mesenteric  Ileus. — Gastro-mesenteric  ileus  is  a  condition  only 
reeenth"  recognized  and  descril:)ed.  In  this  the  stomach  and  duodenum  are 
greatty  dilated  by  reason  of  the  presence  of  a  constriction  at  a  point  where  the 
mesentery,  together  with  the  sujx'rior  mesenteric  vessels,  passes  in  front  of 
the  duodenum.     The  duodenum  is  jjinched  between  the  tense  mesentery,  with 

its  superior  mesenteric  vessels  in  front, 
and  the  aorta  and  vertebral  column 
behind. 

Connor  found,  in  a  record  of  69 
autopsies  in  cases  of  acute  dilatation 
of  the  stomach,  that  there  was  also  a 
dilatation  of  the  duodenum  in  Cj[uite 
two-thirds  of  the  cases.  In  an  analysis 
of  120  autopsies  in  cases  of  acute  dila- 
tation of  the  stomach,  Laffler  found  27 
cases  of  this  character.  In  19  of  38 
cases  in  which  the  duodenum  was 
dilated,  the  dilatation  stopped  abruptly 
at  a  point  where  the  duodenimi  passed 
behind  the  root  of  the  mesenteiy.  This 
condition  is  favored  by  any  cause  which 
allows  the  descent  of  the  small  intestine 
into  the  true  peKas — as,  for  example,  a 
long  mesenteiy. 

The  symptoms  which  generallj'  ac- 
company the  condition  are  nausea,  vom- 
iting, pain,  gastric  distention,  constipa- 
tion, severe  thirst,  and  scanty  urine, 
followed  by  collapse. 

A  differential  diagnosis  between 
acute  dilatation  of  the  stomach  and  gastro-mesenteric  ileus  is  difficult.  A  dis- 
tinction between  this  form  of  ileus  and  other  forms,  especially  high  obstruction 
of  the  small  intestine,  is  important  because  of  the  different  treatment 
demanded.  Bloodgood  emphasizes  the  following  differential  points: — In  gastro- 
mesenteric  ileus  the  initial  pain  of  high  intestinal  occlusion  is  absent,  being 
replaced  by  epigastric  distress;  in  the  former  the  collapse  is  gradual.  The 
vomiting,  fecal  in  character,  is  like  that  of  intestinal  occlusion.  The  most 
characteristic  difference  between  the  two  conditions  is  the  distention,  which, 
in  the  former  condition,  is  early  marked;  it  begins  at  the  epigastrium,  ex- 
tends even  to  the  pubes,  and  is  relieved  by  the  use  of  the  stomach  tube.  In 
high  intestinal  obstruction  the  distention  makes  its  appearance  later  than  in 


Fig.   28.5. — Mattress  Sutures  of  Different  Styles. 
A,  Halsted's;    B,  Gould's;    C,  Connell's. 
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gastro-mesenteric  ileus  and  does  not  include  the  stomach  or  the  duodenum. 
In  dilatation  of  the  stomach  the  peristalsis,  when  present,  will  be  seen  as  a 
broad  wave  which  travels  from  left  to  right,  while  in  the  other  condition  it  will 
l)e  the  characteristic  ladder  wave.  The  impoi'tance  of  chronic  obstruction  of 
the  duodenum,  as  an  etiological  factor  in  many  gastric,  duodenal,  pancreatic, 
and  hepatic  conditions,  has  been  emphasized  by  Codman. 

The  treatment  consists  in  evacuation  of  the  stomach  contents,  with  lavage 
repeated  at  intervals.  All  foods  and  liquids  should  be  withheld.  The  pelvis 
should  be  elevated  or  the  patient  placed  in  the  left  lateral  posture  to  prevent 
traction  on  the  stomach.  If  these  measures  fail,  gastro-enterostomy  may  be 
resorted  to.  Bloocigood  recommends  duodeno-jejunostomy  or  gastro-jeju- 
nostomy  supplemented  by  duodeno-jejunostomy.     (Fig.  279.) 

In  operations  for  acute  dilatation  of  the  stomach  the  duodeno-jejunal  angle 
should  always  be  inspected. 

Bibliography. — Bloodgood,  in  Annals  of  Surgery,  Nov.,  1907. — Laffler, 
ibidem,  IMarch  and  April,  1908. 


X.   NEOPLASMS   OF  THE   INTESTINE. 

Benign  Tumors. — Benign  tumors  of  the  intestine  are  much  less  frequent 
than  those  of  a  malignant  t3'pe.  In  the  order  of  their  frequency  they  occur 
as  follows: — Adenomata,  lipomata,  myomata,  fibromata,  and  angiomata.  The 
lipomata,  myomata,  and  fibromata  frequently  present  a  mixed  type. 

Adenomata. — Adenomata  of  the  intestine,  the  most  common  form,  are 
usually  multiple.  They  may  have  a  broad  base,  but  more  frequently  they  have 
a  narrow  pedicle;  they  vary  greatly  in  size.  They  occur  most  frequently  in 
the  rectimi  and  large  bowel.  Dewis  collected  127  cases  which  were  distributed 
as  follows:  small  bowel,  14;  c£ecimi,  2;  colon  and  sigmoid,  30;  rectmii,  81. 
There  haie  been  reported  a  number  of  cases  in  which  these  tumors  were  found 
scattered  throughout  the  intestine. 

Lipomata. —The  lipomata  may  be  subserous  or  submucous;  they  contain 
more  or  less  fibrous  tissue.  They  are  rare.  In  1899  Hillier  could  collect  but 
twenty-three  cases,  the  majority  of  which  were  found  in  the  large  bowel.  Dewis, 
in  1905.  collected  forty-four  cases,  about  equally  divided  between  the  large  and 
the  small  bowel. 

Fibromata. — The  fibromata  arise  from  the  submucosa  and  are  frequently 
found  in  connection  with  lipomata.     They  are  usually  polypoid  in  character. 

Myomata. — The  myomata  originate  from  the  muscular  layers,  the  majority 
from  the  outer  longitudinal  layer,  but  some  may  be  traced  to  the  circular  layer, 
as  in  a  case  reported  by  Fenger. 

True  fibromata  or  myomata  are  rare.  Dewis  found  only  five  true  fibromata 
(Fig.  280)  and  fort}^  mixed  fibro-myomata. 

Angiomata. — Angiomata  of  the  intestine  are  extremely  rare.  They  are  so 
rare,  indeed,  that  their  occurrence  is  doubted  by  some  authorities.  Nothnagel, 
VOL.  VII. — 47 
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however,  states  that  true  angiomata  have  been  observed.  Dewis  reports  three 
cases — two  in  the  rectum  and  one  in  the  small  intestine. 

Symptoms  axd  Diagnosis. — The  symptoms  of  benign  tumors  of  the  intes- 
tine are  usually  entirely  wanting  until  their  presence  gives  rise  to  some  form 
of  ileus.  The  diagnosis  is  made  at  the  time  of  operation.  Occasionally  they 
may  cause  hemorrhage  or  there  may  be  mucous  discharges  with  tenesmus,  but 
they  give  rise  to  nothing  that  is  characteristic. 

Treatment. — Treatment  should  consist  in  excision  when  the  conditions 
plainly  demand  it. 

Bibliography. — J.  W.  Dewis,  in  Boston  Med.  and  Surg.  Jour.,  Oct.  18th, 
1906. 

Malignant  Tumors. — Sarcoma. — Sarcoma  of  the  intestine  has  been  con- 
sidered rare.     In  13,036  autopsies  held  at  Prague  during  the  fifteen  years  prior 


Fig.  286. 


-Different   Kinds  of   Sutures.      (Original.)     A,  B,   The   Cuslaing  right-angle   suture; 
Dupuytren  suture;    D,  the  Connell  suture. 


C,  the 


to  1898,  F.  Smoler  found  13  cases.  It  is  estimated  that  carcinoma  of  the  intes- 
tine occurs  about  twenty  times  as  frequently  as  does  sarcoma.  In  178  malig- 
nant neoplasms  of  the  intestine  collected  from  various  sources,  we  found  11 
sarcomata.  Sarcoma  involves  the  small  intestine  more  often  than  it  does  the 
large,  while  the  opposite  is  true  of  carcinoma.  The  ileum  is  the  most  frec|uent 
seat  of  the  growth,  which  at  times  is  multiple.  No  age  is  exempt,  but  the  new- 
growth  is  more  frecfuently  found  in  the  young, — often  during  the  first  decade 
of  hfe.  (Fig.  281.)  It  occurs  in  males  twice  as  frecjuently  as  in  females.  It 
is  sometimes  congenital.  Horn  reports  the  case  of  a  child,  three  days  old, 
in  which  the  sarcoma  had  produced  intussusception.  The  usual  starting- 
point  is  the  submucosa,  the  serosa  not  becoming  involved  until  late.  These 
new -growths  are  most  frequently  of  the  round-cell  variety.  "\Mien  occurring 
in  the  rectum,  they  may  be  of  the  melanotic  type.     The  mesentery  and  omen- 
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turn  are  rapidly  invaded  and  metastasis  occurs  early,  the  liver  and  kidney  being 
most  frequently  involved.  The  lymph  nodes  are  involved  in  about  one-third 
of  the  cases. 

A  striking  clinical  difference  between  sarcoma  and  carcinoma  of  the  intestine 
is  found  in  the  absence  of  stricture  in  sarcoma.     The  neoplasm  infiltrates  the 
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Fig.  2S7.^These  Three  Figures  Represent  the  Three  Different  Stages  of  Dr.  M.  E.  Connells  Method 
of  Applying  the  Suture  in  the  Operation  of  Circular  Enterorrhaphy.     (Original.) 

a.  Tlie  figure  shows  the  first  half  completed:  b.  in  this  figure  the  second  half  is  completed,  but  the 
stitches  have  not  been  drawn  taut ;  c.  the  second  half  is  drawn  taut,  with  the  ends  ready  for  tying. 

wall  of  the  bowel  in  a  longitudinal  direction,  often  producing  a  dilatation  rather 
than  a  narrowing  of  the  kmien. 

S^^llptoms. — ^The  s^^uptoms  are  those  common  to  mahgnant  disease  and 
are  often  vague  and  indefinite. 

Diagnosis. — The  diagnosis  must  rest  upon  the  clinical  picture  presented. 
There  may  be  a  palpable  tumor,  which  grows  rapidly  and  is  associated  with 
cachexia.  The  age  of  the  patient  and  the  absence  of  stenosis  may  sometimes 
aid  in  differentiating  the  tumor  from  a  carcinoma. 

Treatment. — If  the  case  is  seen  sufficientlv  earlv.  resection  mav  be  made 
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with  a  fair  promise  of  »?uccess.  Moynihan  collected  fort}'  cases  of  sarcoma  of 
the  ])owel  which  had  been  treated  by  operation,  and  in  which  twenty-five  re- 
covered. 

Carcinoma. — In  100  cases  of  carcinoma  of  the  intestine,  ninety-five  per 
cent  occur  in  the  large  bowel.  In  343  cases,  7  were  in  the  duodenum,  10  in  the 
ileum,  none  in  the  jejunum,  104  in  the  colon,  and  162  in  the  rectum.  From 
this  it  will  be  seen  that  over  one-half  of  all  carcinomata  of  the  bowel  occur  in 
the  rectum.  Above  the  rectum  the  sigmoid  is  most  frecjuently  involved.  Then 
follow,  in  the  order  of  frequency,  the  caecum,  the  splenic  and  hepatic  flexures, 
and  the  descending  colon,  the  transverse  and  the  ascending  portions  of  the  colon 
being  less  often  affected. 

Carcinoma  of  the  intestine  is  usually  primary  and  single.     It  may  occur, 


Fig.  288. — Insertion    of   Mesenteric    Stitch  which   is    Intended  to   ObUterate    the   Triangular   Space. 

(F.  G.  Connell.) 


however,  by  direct  extension  from  a  neighboring  organ;  multiple  development 
is  rare.     The  male  sex  is  more  frec}uently  attacked  than  the  female. 

Carcinoma  of  the  intestine  occurs  most  frequently  at  the  usual  cancer  age, 
viz.,  between  the  thirtieth  and  the  fiftieth  year;  but  a  striking  feature  of  can- 
cer in  this  location  is  the  fact  that  it  often  occurs  at  a  much  earlier  age  than 
cancer  elsewhere. 

Carcinoma  of  the  large  bowel  is  apparently  one  of  the  least  malignant  forms 
of  the  disease.  The  tumor  usually  produces  a  stenosis  rather  early.  Ulcera- 
tion of  the  mucous  surface  may  occur  early  or  late.  Perforation  does  not  often 
take  place.  The  tumor  is  of  slow  growth  and  metastasis  generally  occurs  at  a 
late  stage  of  the  disease.  Infection  of  the  related  lymph  nodes  or  of  the  liver 
also  occurs  at  a  late  stage.  Extension  through  the  intestinal  wall  to  some 
structure  or  organ  in  immediate  contact  with  the  diseased  part  of  the  bowel 
is  unusual. 

Symptoms. — S3anptoms  are  always  absent  for  an  indefinite  period  of  time, 
the  length  of  which  is  difficult  to  determine.     In  the  small  bowel  the  symptoms 
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are  more  obscure  than  in  the  large  bowel.  If  the  disease  is  located  in  the  duo- 
denum the  symptoms  may  simulate  tliuse  of  cholelithiasis.  There  may  be 
merely  indefinite,  so-called  dyspeptic  symptoms  for  some  time;  in  fact,  so  long 
as  the  fecal  cunvnt  is  not  intcrfcivd  with,  symptoms  may  be  entirely  lacking. 
In  chronic  intestinal  stenosis  the  symi)t()ms  may  persist  for  a  considerable  time. 
An  acute  ileus  may  occur  suddenly  without  warning,  or  it  may  follow  a  chronic 
stenosis.  Alternating  constipation  and  diarrhcea,  with  the  discharge  of  pus 
and  blood,  are  very  suggestive.  A  tumor  may  sometimes  be  palpable.  Pain 
is  not  a  marked  s\Tnptom.  When  the  tumor  is  situated  low  down  in  the  bowel 
tenesmus  may  be  present. 

Xothnagel  has  called  attention  to  a  stiffening  of  the  bowel — "  Darmsteifung" 
— which  is  visible  in  intestinal  stenosis.     This  condition  was  present  in  sixty 


Fig.  2S9. — Mesenteric  Stitch  and  Stitch  at  Convex   Border   Inserted   and  Tied,  with   the   Ends   Left 
Long  for  Traction.     The  inter%-ening  stitclies  are  in  place.     (F.  G.  Connell.) 

per  cent  of  ^Mikulicz's  cases.  Willy  ]ileyer  has  called  attention  to  a  contracture 
which  is  not  objectively  demonstrable,  but  is  noticed  by  the  patient  only.  The 
sensation,  which  is  not  always  painftil,  is  called  by  him  "subjective  stiffening"' 
of  the  bowel.  He  considers  it  an  important  point  in  diagnosing  carcinoma  of 
the  colon.  Meteorism  is  likewise  a  spiiptom  of  intestinal  stenosis :  and  a 
continuous  loss  of  weight,  not  necessarily  associated  with  cachexia,  leads  to  a 
suspicion  of  cancer.  Ascites  is  usually  a  late  manifestation,  occurring  after 
the  peritoneum  has  become  involved. 

A  slight  elevation  of  temperature  (99°  or  100°  F.)  is  common  in  the  early 
stages  of  carcinoma,  even  before  there  is  any  ulceration.  Progressive  loss  of 
weight,  with  increasing  anaemia,  is  very  common  in  carcinoma  of  the  bowel. 
In  suspected  cases  it  is  ad\'isable  to  keep  a  systematic  record  of  the  patient's 
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weight.  Recurrent  attacks  of  colic  and  constipation,  which  occur  during  th(> 
so-called  cancer  age,  should  always  arouse  suspicion  when  they  cannot  other- 
wise be  accounted  for. 

Differential  Diagnosis. — Sarcoma  may  possibly  be  differentiated  from  car- 
cinoma by  the  absence  of  stenosis  and  the  younger  age  at  which  it  often  appears; 
by  the  more  rapid  growth  and  larger  size  of  the  tumor;  by  the  earlier  develop- 
ment of  cachexia;  and  by  the  more  severe  and  more  constant  pain.  A  benign 
tumor  may,  at  times,  closely  simulate  a  carcinoma. 

In  the  presence  of  a  tumor  in  the  ileo-csecal  region  it  will  often  be  a  difficult 
matter,  before  an  exploratory  section  is  made,  to  differentiate  the  following 
conditions,  the  one  from  the  other:  chronic  appendicitis,  tuberculosis,  actino- 
mycosis, a  diffuse  retroperitoneal  or  subperitoneal  cellulitis,  an  encapsulated 
exudate    a   cancerous  growth,  or  a  chronic  intussusception.     And  even  after 


Fig.  290.— First  (Posterior)  Half  Completed,  ^-ith  the  First  Stitch  in  Second  (Anterior)  Half  Inserted, 

Ready  for  Tying.     (F.  G.  Connell.) 

the  abdomen  has  been  opened,  and  the  suspicious  part  has  been  exposed  to 
sight  and  touch,  difficulty  may  still  be  experienced,  except  in  the  case  of  the 
two  conditions  last  mentioned.  An  examination  with  the  microscope  wdl 
sometimes  be  necessary  before  an  exact  diagnosis  may  be  arrived  at. 

When  the  tumor  is  in  the  sigmoid  region,  cancer  may  be  confused  at  first 
with  a  sigmoiditis  or  with  a  diverticulitis,  or,  more  rarely,  with  masses  of  fecal 
matter.  Tumors  of  the  hepatic  flexure  must  be  differentiated  from  an  enlarge- 
ment of  the  gall-bladder,  as  well  as  from  a  movable  kidney  or  a  tumor  of  that 
organ  or  of  the  Hver.  In  the  case  of  a  tumor  at  the  splenic  flexure,  the  kidney 
must  be  kept  in  mind  and  also  a  possible  misplacement  of  the  spleen.  Carci- 
noma of  the  duodenum  or  the  papilke  must  be  differentiated  from  stones  in  the 
common  duct. 

Prognosis. — Cancer  of  the  colon  is  less  malignant  than  cancer  elsewhere  in 
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the  digestive  tract  or  in  other  portions  of  the  body.  Hence  the  necessity  of 
an  early  diagnosis  and  removal.  Carcinoma  of  the  stomach,  at  the  time  when 
a  palpable  tumor  exists,  is  iisualh^  inoperalDle.  A  palpal^lc  carcinoma  of  the 
colon,  however,  is  still  operable.  Dr.  C.  H.  Mayo  says  that  the  large  bowel  is  the 
natural  absorber  of  licjuids,  through  cai)illaries  and  not  through  lymphatics. 
The  large  bowel  is  very  deficient  in  lymphatics  as  compared  with  the  small. 
Over  one-half  of  those  who  die  of  cancer  of  the  large  bowel  do  so  from  obstruc- 
tion, perforation,  peritonitis,  and  liver  involvement,  while  the  lymphatic  sys- 
tem still  remains  free  from  the  disease.  Cancer  in  this  locality  is  distributed  by 
continuous  ext(>nsion  from  one  tissue  to  another,  by  the  portal  system,  and  by 
being  grafted  upon  the  moving  omentum  and  intestines.  It  is  also  distributed 
to  some  extent  b}^  the  ordinary  route  of  the  lymph  channels. 

Treatment. — The  treatment  is  surgical.     If  a  radical  operation  is  performed 
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Fig.  291. — The  Stitches  Similar  to  the  Ones  Sho-wn  in  Fig.  290  have  been  Inserted  Tliroughout 
the  .Interior  Half  and  have  All  been  Tied  except  the  Last  One.  This  stitch  is  in  place,  -v\-itli  the  ends 
readj^  for  tjing.      (F.  G.  Connell.) 


early,  the  result  will  often  be  satisfactory.  Cases  in  which  the  diagnosis  is  made 
when  the  abdomen  is  opened  for  other  conditions,  as  for  appendicitis,  offer  the 
best  chance  of  a  permanent  cure  because  of  the  opportunity  afforded  for  early 
removal. 

Treatment  may  be  either  radical  or  palliative.  The  racUcal  method  consists 
in  the  complete  removal  of  the  tumor  by  an  operation,  whereas  the  palliative 
method  stops  short  of  complete  removal  of  the  gro\\i:h.  The  latter  can  do 
no  more  than  alleviate  some  of  the  symptoms,  usually  those  of  obstruction. 

The  ideal  operation  consists  of  a  resection  of  the  tumor  ^^^th  mesentery  and 
h-mph  nodes  and  a  liberal  removal  of  apparently  nomial  tissue,  followed  hy  re- 
establishment  of  the  intestinal  canal.  In  other  cases  anastomosis  will  be  im- 
possible or  impracticable.  Resection  may  be  performed,  but  immediate  union 
of  the  cut  ends  may  seem  inad\dsable.     Under  such  circumstances  the  open  ends 
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of  the  bowel  arc  sutured  together  throughout  two-thirds  of  their  circuiufcr- 
ence,  exactly  as  in  end-to-end  union;  the  parallel  pieces  of  bowel  are  next 
sutured  together  by  a  row  of  stitches  at  each  end  of  the  surfaces  which  are  held 
in  sero-serous  apposition  for  a  distance  of  three  or  four  inches.  In  this  way 
sero-serous  apposition  is  obtained  for  about  one-half  of  each  bowel  circumference. 
A  small  abdominal  opening  is  made  at  a  suitable  point  and  the  apposed  bowel 
ends  are  drawn  into  this  incision  and  secured  in  place;  after  which  the  larger 
original  abdominal  wound  is  closed.  After  the  lapse  of  from  ten  to  fourteen 
days  a  heavy  forceps  is  inserted  in  the  artificial  anus,  one  blade  into  each  portion 
of  the  bowel,  and  the  instrument  is  then  locked.  The  clamp  is  tightened  each 
day  until  it  cuts  its  way  through  the  wall  of  the  proximal  and  distal  ends.     The 


Fig.  292. — The  Threaded  Needle  is  Inserted,  Eye  First,  Between  Two  Stitches,  into  the  Lumen  of 
the  Intestine,  at  a  Point  in  the  Circiunference  About  Opposite  to  tlae  Stitcla  whicliL  is  to  be  Tied.  (F. 
G.  Connell.) 


external  fistula  may  be  closed  at  any  time  after  the  patency  of  the  intestinal 
lumen  has  been  demonstrated. 

In  cases  which  are  not  in  such  a  condition  of  health  as  to  permit  resection, 
the  operation  may  be  carried  out  in  two  steps.  In  the  first  step  a  lateral  an- 
astomosis is  performed  without  a  removal  of  the  growth;  the  tumor  will  thus 
be  short-circuited,  and  the  flow  of  intestinal  contents  will  not  pass  over  or 
through  the  tumor  mass.  At  a  second  operation  the  tumor  mass  may  be  re- 
moved and  the  two  open  ends  closed,  the  previous  lateral  anastomosis  allowing 
the  intestinal  current  to  flow  uninterruptedly. 

The  "  Vorlagerungsmethode "  of  Mikulicz  may  be  indicated  in  certain  cases. 
According  to  this  method  the  vessels  supplying  the  tumor  are  ligated,  the 
tumor  itself  and  the  lymph  nodes  are  delivered  through  the  abdominal  wound, 
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and  then  the  ]att(>r  is  closed.  The  bowel  outside  of  the  abdomen  is  protected 
by  warm  compresses,  and  after  the  lapse  of  fi'om  thirty-two  to  seventy-two  hours, 
when  adhesions  li;i\'e  tunned  between  the  \-isceral  and  pai'ietal  peritoneal  sur- 
faces, so  as  to  exclude  the  general  peritoneal  cavity,  the  tumor  is  removed  by 
cautery  without  the  aid  of  an  anaesthetic.  In  this  wa}'  there  is  estabhshed  an 
artihcial  anus,  \\hich  is  subsequently  closed  after  the  division  of  the  spur  by 
the  Mikulicz  enterotribe. 

In  extreme  cases  where  the  least  amount  of  oj)erative  interference  is  desira- 
ble, the  following  steps  may  be  performed: — 

(a)  Enterostomy  under  local  anaesthesia. 

(6)  Lateral  anastomosis  with  or  without  removal  of  the  tumor. 

(c)  If  the  tumor  was  not  removed  in  the  second,  it  is  removed  at  the  third 
step. 

{d)  Closure  of  the  artificial  anus. 

As  palliative  operations  may  be  mentioned:  the  establishment  of  a  lateral 
anastomosis,  to  relieve  the  stenosis,  and  then  closure  of  the  abdomen,  no  at- 
tempt being  made  to  remove  the  tumor  at  any  time:  or,  in  veiy  late  cases, 
with  acute  obstruction,  the  estabhshment  of  an  artificial  anus,  for  immediate 
relief. 

Prognosis. — The  prognosis  depends  upon  the  extent  of  the  disease  at  the 
time  of  interference.  In  one  hundred  and  thirty-eight  patients  operated  upon 
for  cancer  of  the  large  intestine,  at  the  ^likulicz  clinic,  from  1891  to  1906,  a 
very  large  proportion  were  inoperable  when  first  seen;  twelve  per  cent  did  not 
survive  the  operation ;  and  fifty  per  cent  were  permanent!}^  cured  by  the  opera- 
tion. In  fifty-six  cases  collected  in  1903,  thirteen  (or  twenty-three  per  cent) 
had  passed  the  three-year  limit  without  recurrence. 


XL  DISEASES  AND  INJURIES  OF  THE  OMENTUM. 

AxATOMY  AX'D  Physiology. — The  omentum  is  composed  of  white  fibrous 
and  yellow  elastic  connective  tissue,  with  masses  of  fatt}'  tissue,  arteries,  veins, 
lymphatics,  and  Ij-mph  spaces.  Frequentlj^  there  are  areas  of  gemiinating 
endothelium  which  are  supposed  to  be  the  source  of  many  lymph  corpuscles  or 
leucocytes.  Tliis  structure  is  limited  b}"  peritoneal  reflections:  it  extends  from 
the  posterior  abdominal  wall  and  is  attached  to  the  greater  curvatm'e  of  the 
stomach,  the  transverse  colon,  and  the  gastro-hepatic  ligament,  from  wliich  it 
extends  toward  the  pehis.  At  all  other  points  in  the  peritoneal  cavity  it  is 
normally  unattached. 

In  many  cases  the  omentum  does  not  descend  toward  the  pehis.  but  may 
be  foimd  drawn  u]3  under  the  transverse  colon :  it  may  be  found  in  almost  any 
part  of  the  abdominal  or  pelvic  ca^'ity.  The  position  of  the  omentum  depends, 
not  only  on  its  length,  but  also  upon  the  position  of  the  greater  curvature  of 
the  stomach. 

Among  the  functions  of  the  omentum  may  be  mentioned:   the  temporary 
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storage  of  fat,  blood,  and  h'niph;  the  absorption  of  fluids,  bacteria,  and  foreign 
bodies;  the  formation  of  protective  adhesions;  the  furnishing  of  phagocytes; 
the  prevention  of  hernial  protrusion  of  viscera;    the  jjrevention  of  torsion  of 


Fig.  293. — The   Threaded   Needle   Presents   Itself  at  the  Location  of   the   Last   Stitch.     The  ends  to 
be  tied  are  inserted  into  the  loop  formed  by  the  needle  and  its  thread.      (F.  G.  Connell.) 

the  small  intestine;  and  the  providing  of  a  collateral  circulation  to  tumors  or 
viscera  the  blood-supply  of  which  has  been  interfered  with. 

Pathology. — The  most  common  pathological,  conditions  of  the  omentum 
which  demand  surgical  treatment  are  inflammation,  cysts,  or  neoplasms.  In- 
flammation of  the  omentum    (epiploitis)   is  usually  secondary  to  a  primary 
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J^a'-  -^^■~^y  "Witlidrawal  of  the  Needle  and  its  Loop,  the  Margins  of  the  Cut  at  the  Site  of  the 
Last  btitch  are  Inverted,  and  the  Ends  to  be  Tied  are  Dra-mi  to  the  Outside  Through  the  Opposite 
Portion  of  the  Line  of  Suture.      (F.  G.  Connell.) 

inflammation  elsewhere.  Abscess  of  the  omentum  is  usually  secondaiy,  and, 
because  of  adhesions,  is  not  easily  differentiated  from  other  intra-abdominal 
abscesses. 

Trauma. — Injury  to  the  omentum  most  frequently  occurs  during  opera- 
tions for  hernia,  for  appendicitis,  or  for  other  conditions  in  which,  OT\ing  to  the 
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fact  that  the  omentum  has  become  adherent,  partial  resection  is  necessary 
before  the  operation  may  be  com})leted.  The  symptoms  may  be  very  late  in 
making  their  ajipearance  and  simulate  those  of  appendicitis  with  a  localized 
swelling.     Resolution  may  occur  or  the  inflammation  may  go  on  to  suppuration 


Fig.  295. — Traction  on  the  Ends  of  the  Suture  Causes  the  Site  of  the  Future  Knot  to  Come  in  Contact 
with  the  Mucosa  of  the  Opposite  Side  of  the  Bowel.  The  ends  are  tied,  the  knot  sinks  between  the 
pre^■io^lsly  inserted  stitches  and  is  located  on  the  mucosa.      (F.  G.  Connell.) 

and  abscess-formation,  with  rupture  either  into  the  intestine,  into  the  perito- 
neal cavity,  or  through  the  abdominal  wall. 

Accidental  trauma  may  occur  either  with  or  without  an  abdominal  wound, 
and  may  consist  of  a  complete  tear,  a  puncture,  or  a  mere  bruising  or  crushing 
of  the  structure.     It  is  usually  associated  with  injury  to  other  \dscera. 

In  resection  of  portions  of  the  omentum,  it  is  advisable  to  crush  the  line  of 


Fig.  29(3. — The  Last  Knot  Has  been  Tied,  the  Bowel  has  Resumed  its  Cylindrical  Contour,  and  the 
Enterorrhaphy  is  Complete,  with  all  Knots  in  the  Lvimen.     (F.  G.  ConneU.) 

di\asion  before  applying  a  ligature.  By  so  doing  the  fat  is  forced  away  so  that 
the  ligature  shall  include  only  the  dense  connective  tissue  and  the  blood-ves- 
sels. The  omentum  should  not  be  bunched  up  in  one  ligature  and  tied;  it  is 
preferable  to  employ  a  nimiber  of  interlocking  ligatures.  Raw  surfaces  and 
stimips  should  be  buried  and  covered  by  serous  surfaces. 
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The  omentum  is  very  vascular  and  will,  for  that  reason,  withstand  a  severe 
trauma.  But,  because  of  the  rather  hberal  blood-supply  and  the  loose  areolar 
tissue  surrounding  the  blood-vessels,  there  is  a  marked  tendency  to  the  for- 
mation of  a  large  hsematoma. 

Torsion  of  the  Omentum. — Torsion  of  the  entire  great  oniontum  is  quite  rare. 
The  first  case  was  published  in  1882,  by  Oberst,  and  the  second  in  1893;  since 
then  it  has  been  noted  with  increasing  frequency.  In  1907  Lejars  collected 
sixty-six  cases  of  this  condition. 

Before  torsion  may  occur  there  must  have  been  a  preceding  matting  together 
of  the  omentum,  or  it  must  have  become  adherent  to  the  abdominal  wall.  It 
may  occur  either  with  or  without  an  associated  hernia;  in  only  seven  of  the 
reported  cases  was  there  an  absence  of  hernia.  The  condition  is  usually  mis- 
taken for  an  appendicitis,  a  strangulated  hernia,  an  intestinal  obstruction, 
or  peritonitis. 

Lejai-s  was  the  first  to  diagnose  accurately  such  a  condition  before  operation, 


Fig.  297. — Purse-String   Suture,     a,  Suture   in   position,  ready   to   be   drawn   taut;    b,  suture  drawn 

taut  and  the  ends  tied. 


and  this  was  made  largel}'  upon  the  mildness  of  the  symptoms  with  the  presence 
of  a  palpable,  doughy,  non-fluctuating  mass  in  the  right  ihac  region. 

Treatment  will  consist  of  either  detorsion  or  amputation,  usually  the  latter. 

Accessory  Omenta. — Accessoiy  omenta  do  occur,  and  in  one  case  reported 
by  Cullen,  the  accessoiy  structure  was  strangulated  by  twisting. 

Cysts  and  Other  Tumors  of  the  Omentum. — ^R.  E.  Fort  has  collected  twenty- 
two  cases  of  cyst  of  the  omentmn.  They  are  most  common  in  female  children 
under  ten  years,  and  are  considered  to  be  of  congenital  origin.  Two  dermoid 
cysts  and  one  of  traumatic  origin  are  included  in  the  number.  Omental  c}-sts 
present  no  characteristic  SAmiptoms. 

Primary  tumors  of  the  omentum  are  rare.  Carcinoma  of  this  structure 
is  never  primary.  Cases  of  filDroma,  lipoma,  and  sarcoma  have  been 
reported. 

Since  1870,  according  to  Farrer  Cobb,  in  the  Reports  of  the  Massachusetts 
General  Hospital,  there  were  fourteen  tumors  of  the  omentum,  all  but  two 
being  secondaiy.     The  two  primaiy  tumors  were  sarcoma — one  a  mjTio-sarcoma 
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and  the  other  a  fibro-sarcoma.    Bonann*  has  collected  sixteen  cases  of  piimaiy 
sarcoma  of  the  omentum,  eleven  of  which  were  of  the  spindle-cell  varietv. 

The  symptoms  of  a  cyst  or  of  a  tumor  of  the  omentum  are  vague  and  are 
commonly  due  to  pressure.  A  tumor  is  usualh-  palpable  and  is  located  in  the 
region  of  the  umbilicus :  and.  if  it  is  not  adherent  to  the  abdominal  wall,  it  will 
move  freely  in  all  directions  except  downward.     Ascites  is  common. 


Treatment  will  consist  of  wide  excision. 

BiBLioGRAPHT. — Dickeusou.  in  Annals  of  Surgery,  Xovember,  1906. — Prze- 
walsM.  in  Berl.  Mn.  Woch.,  July  6th.  1908. — Lejars.  in  La  Semaine  Med., 
Feb.  13th.  1907.— Cullen,  in  Johns  Hopkins  Hospital  Reports,  Dec,  1905.— 
Fort,  in  Annah  of  Surgery.  March,  1907. — Richardson,  in  Jour.  Amer.  Med. 
Assoc..  May  11th.  1907. — Bonamy  and  Bonamy.  Hev.  de  Gyn.  et  de  Chir. 
ahdom...  Apiil  ICfth.  190S. 
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XII.   DISEASES   AND   INJURIES   OF  THE   MESENTERY. 

Slight  injuries  to  the  mesentery  may  result  seriously  by  interfering  with 
the  blood  supply  of  the  intestines.  In  penetrating  abdominal  wounds,  in- 
jury to  the  mesentery  may  be  the  most  serious  lesion.  Hemorrhage  from  a 
divided  or  injured  mesenteric  vessel  may  prove  rapidly  fatal.  This  fact  argues 
strongly   for   immediate   operation    in   penetrating  wounds   of  the   abdomen. 


Fig.  299. — Method  of  Closing  the  Cut  End  of  the  Intestine.     (Original.) 

Serious  injury  to  the  mesentery  may  occur  by  contusion,  wdthout  a  penetrat- 
ing wound.  The  blood-supply  to  the  bowel  may  be  thus  sufficiently  inter- 
fered with  to  produce  subsequent  gangrene.  In  such  injuries  a  diagnosis  is 
impossible  before  an  abdominal  section  is  made.  In  a  patient  who  has  received 
a  severe  blow  on  the  abdomen  and  where  there  are  distinct  rigidity  and  pain,  it 
is  always  safer  to  resort  to  abdominal  section  than  to  wait  for  more  definite 
symptoms  to  develop. 
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Inflammation — mcsentcritis — is  freqiientl}-  caused  Ijy  a  primar}-  inflam- 
mation of  the  intestine. 

Mesenteric  cysts  have  been  (li\-i(lc(l  I)y  Dowd  into  ciiilMyonic.  hydatid.  ai:d 
malignant.  The  cin^ryonic  may  originate  in  the  intestinal  wall,  usually  from 
the  submucosa  or  the  subserous  layei-s.  Or  they  may  be  snared  off'  portions 
of  the  intestinal  wall  or  diverticula.  Cysts  of  the  mesenteiy  may  result  from 
the  formation  of  a  hiiematoma.  They  may  also  originate  from  the  retroperi- 
toneal structures  or  from  ftetal  remnants  such  as  dermoids,  remnants  of  the 
Wolffian  or  Muellerian  ducts  or  bodies,  Remak's  diverticulum,  and  accessory 
pancreas  or  adrenals.  They  may  also  originate  in  structures  originally  and 
normally  within  the  mesentery. 

Chvlous  cvsts  are  not  common.     Porter  collected  twenty  such  cases  and,  in 


Fig.  .300. — McGraw's  Method  of  Gastro-Intestinal  and  Entero-Intestinal  Anastomosis.  The  draw- 
ing shows  the  manner  of  introducmg  the  elastic  hgature  into  place.  (From  Bryant's  "  Operative  Sur- 
ger\-/'  D.  Appleton  &  Co.,  Xew  York,  Pubhshers.) 

doing  SO,  he  noted  twenty-nine  cases  of  simple  serous  cysts.  Chylous  cysts 
are  usually  due  to  an  accumulation  of  chyle  in  a  preformed  cyst. 

Parasitic  cysts,  hydatid  cysts,  of  the  mesentery  are  not  so  rare.  In  1899 
no  fewer  than  twenty-nine  cases  were  collected,  and  since  then  many  new  cases 
have  been  reported.     Cystic  tumors  occur  twice  as  often  as  solid  tumors. 

Malignant  cysts  are  more  commonly  sarcomata  than  carcinomata. 

Non-mahgnant  cysts  may  occur  at  any  age,  their  size  vaiying  from  those 
which  are  minute  to  cysts  weighing  as  much  as  forty  pounds.  They  are  usually 
single,  but  may  be  multiple.  They  are  apt  to  be  confused  ^^ith  o^•arian  or 
broad-ligament  cysts,  ^'aginal  examinations  with  the  patient  in  the  Tren- 
delenburg position  will  usually  clear  the  cUagnosis. 

The  cyst  may  be  enucleated  or  attached  to  the  abdominal  wall  and  drained. 
It  may.  however,  be  so  situated  as  to  make  resection  of  the  bowel  necessaiy. 
It  is  stated  that  twenty-five  per  cent  of  these  cases  are  cured  by  simple 
aspiration. 

Sohd  new-grovi-ths  fprimary)  of  the  mesenteiy  are  not  common.  Secondaiy 
malignant  growths  mav  follow  malisnant  disease  of  anv  intra-abdominal  organ. 
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Vance  reviewed  the  literature  up  to  190G  and  found  27  cases  of  solid  tumors 
of  the  mesentery  that  were  operated  upon;  33  per  cent  of  these  were 
malignant.  The  variety  of  tumors  was  as  follows:  Fibromata,  9;  sarcomata, 
7;  lipomata,  2;  myxo-fibromata,  2;  carcinoma,  1;  lymphangioma,  1;  tuber- 
culosis, 1;  cholesteatoma,  1;  hsematoma,  1;  myxoma,  1;  large  spindle-cell 
tumor,  1. 

The  ages  of  the  patients  were  between  four  and  seventy;  the  majority  were 
between  thirty  and  forty-five  years.  These  tumors  were  noted  in  the  female 
sex  sixteen  times  and  in  the  male  eleven. 

Bowers  found  lipoma  the  most  rare  of  all  the  varieties.  He  collected  twenty- 
three  reported  cases  of  fibromata  and  fibro-myomata  of  the  mesentery  which 
had  been  removed  by  operation,  with  seventeen  recoveries  and  six  deaths. 

In  Vance's  27  cases,  which  included  all  varieties  of  tumors,  there  were  16 
recoveries  and  11  deaths.  The  mortality  rate  in  7  sarcomata  was  100  per 
cent,  and  in  9  fibromata  it  was  20  per  cent. 

Bibliography. — C.  M.  Dowel,  in  Annals  of  Surgery,  Philadelphia,  October, 
1900. 

XIII.   FORMS   OF  CHRONIC  PERITONITIS. 

Actinomycosis  of  the  peritoneum  is  a  chronic  affection  secondary  to  intes- 
tinal or  pleural  actinomycosis.  Until  the  ray-fungus  is  discovered  in  the  dis- 
charges the  diagnosis  is  rarely  made.  It  most  commonly  follows  intestinal 
actinomycosis,  and  the  signs,  symptoms,  and  treatment  differ  in  no  important 
particular  from  those  of  the  intestinal  lesion. 

Carcinoma  of  the  peritoneum  may  be  localized  or  it  may  occur  in  the  form 
of  a  general  peritoneal  carcinomatosis;  it  is  secondary  to  primary  carcinoma 
elsewhere,  its  clinical  manifestations  being  overshadowed  by  those  of  the  pri- 
mary lesion. 

Chronic  peritonitis  may  be  exudative  or  adhesive.  The  exudative  form  is 
markedly  similar  to  the  tuberculous  form,  so  much  so  that  some  authorities 
consider  them  to  be  the  same.  The  exudative  and  the  adhesive  forms  may  be 
combined. 

The  adhesive  form  of  chronic  peritonitis  may  be  localized  or  diffuse.  When 
localized  it  may  be  the  result  of  trauma,  such  as  is  inflicted  by  many  operations 
in  the  abdominal  region.  It  often  occurs  at  hernial  sites  or  it  may  follow  an 
acute  or  subacute  peritonitis  which  may  have  originated  in  the  female  genito- 
urinary tract  or  in  the  gastro-intestinal  tract.  The  female  pelvic  organs 
probably  furnish  the  most  frequent  route  of  infection,  the  intestine  being  the 
next  most  frequent.  The  ileo-csecal  region,  the  gall-bladder,  and  the  neigh- 
borhood of  the  sigmoid  flexure  are  locations  where  local  peritonitis  very 
often  occurs. 

In  certain  conditions,  the  etiology  of  which  is  not  definitely  determined, 
a  combination  of  the  adhesive  and  the  exudative  forms  may  be  present,  and 
with  this  peculiar  form  of  peritonitis  is  associated  a  similar  inflammation  of  some 
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other  serous  membrane — most  frequently  the  pericardium.  To  such  a  condi- 
tion has  been  given  the  name  "multiple  serositis." 

In  diffuse  adhesive  ix^ritonitis  all  the  abdominal  viscera  are  gathered  into 
a  mass,  and  this  mass  usu;dly  is  adherent  to  the  imrietal  peritoneum.  There 
may  or  may  not  be  an  exudate. 

The  symptoms  will  be  those  of  tumor  and  chronic  intestinal  stenosis.  Treat- 
ment is  very  imsatisfactory,  as  breaking  of  the  adhesions  is  usually  followed 
by  a  recurrence. 

Chronic  adhesive  sclerosing  peritonitis,  or  plastic  peritoneal  sclerosis,  is 
quite  a  rare  condition.     It  is  characterized  by  a  marked  connective-tissue  in- 


FiG.  301. — Enteroplasty.     (Original.) 

filtration  of  the  peritoneum,  with  contraction  and  thickening  but  without  any 
exudate  or  ascites.  It  may  follow  an  acute  peritonitis,  or  it  may  be  chronic 
from  the  start.  It  begins  usually  at  the  customary  sites  of  a  chronic  peritonitis. 
Wetherill  reports  one  of  the  very  few  cases  that  have  been  observed  in  this 
country,  and  he  states  that  the  condition  is  primarily  not  a  peritonitis  at  all, 
but  a  distinct  affection  of  the  subperitoneal  fibrous  or  connective  tissue.  He 
considers  the  fact  that  it  is  not  practicable,  in  an  abdominal  section  upon  a 
person  thus  affected,  to  secure  union  between  the  opposite  edges  of  the  thick- 
ened and  shrinking  peritoneum,  as  pathognomonic  of  this  disease.  The  well- 
marked  subendothelial  connective-tissue  hyperplasia  is  the  principal  patho- 

voL.  VII. — 48 
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logical  feature  of  the  disease,  and  the  shrinking  or  contracture  of  the 
peritoneum  caused  by  it  is  its  leading  characteristic. 

A  localized,  encysted  exudate  may  be  very  difficult  to  differentiate  from 
this  disease.     Paracentesis  abdominis  will  generally  decide  the  diagnosis. 

The  treatment  is  unsatisfactory,  and  the  condition  seems  to  be  augmented 
by  operative  interference.  Medical  treatment  may  be  of  some  service  in  re- 
moving the  cause  of  the  symptoms.  Where  it  proves  of  no  avail,  tapping  of 
the  abdominal  cavity  and  withdrawal  of  the  fluid  will  constitute  the  palliative 
surgical  treatment. 


XIV.   OPERATIONS   ON  THE  INTESTINES.    . 

General  Principles. — The  principles  governing  operations  for  intestinal 
repair,  in  injury  or  in  disease,  are  few  and  easily  understood.  The  technical 
details  necessary  for  the  application  of  these  principles  call  for  exact  and  pains- 
taking methods,  together  with  a  degree  of  surgical  dexterity  which  is  to  be 
obtained  only  by  experience.  It  is  in  this  particular  field  that  operations  on 
the  lower  animals  are  of  the  greatest  value  in  developing  the  necessary  degree 
of  skill. 

The  first  essential  in  any  operation  upon  the  intestine — whether  in  the 
repair  of  the  smallest  perforation  or  in  the  excision  of  a  portion  involving  the 
entire  circumference  of  the  bowel — is  to  secure  a  firm,  water-tight  approxima- 
tion of  the  apposed  serous  surfaces,  and  the  inverting  of  the  cut  edges.  Many 
varieties  of  suture  and  mechanical  aids  have  been  devised,  all  of  which,  from 
the  original  Lembert  suture  to  the  Murphy  button,  are  based  upon  this  principle 
of  the  necessity  of  approximating  serous  surfaces.  A  point  of  equally  great 
importance  is  the  necessity  of  securing,  by  a  study  of  the  distribution  of  the 
mesenteric  vessels,  an  adequate  blood-supply  for  the  field  of  imion. 

Strict  asepsis  should  be  maintained,  and  all  viscera  and  free  surfaces,  except 
the  immediate  field  of  operation,  should  be  protected  from  exposure,  or  from 
infection  through  escaping  bowel  contents,  by  means  of  compresses  wrung  out 
of  warm  normal  salt  solution.  If  much  handling  of  the  intestine  is  necessary 
in  seeking  the  seat  of  injury  or  disease,  it  should  be  done  with  the  utmost  gen- 
tleness, especial  care  being  taken  to  make  no  traction  upon  the  mesentery. 

The  Various  Sutures  Employed. — The  Lembert  suture  is  made  by  inserting 
the  needle  through  the  two  outer  coats  in  such  manner  that,  when  the  thread 
is  tied,  there  will  be  an  inversion  of  the  cut  edges  and  a  coaptation  of  the  serous 
surfaces  over  an  extent  corresponding  to  the  distance  between  the  needle  punc- 
tures. Czerny  supplemented  the  Lembert  suture  by  first  placing  a  row  at  the 
cut  edges,  the  needle  passing  through  all  the  coats  of  the  bowel ;  after  which 
he  placed  the  sero-serous  sutures.     (Figs.  283  and  284.) 

The  Halsted  quilt  suture  (Fig.  285,  A)  and  the  Cushing  continuous  right- 
angle  suture  (Fig.  286,  A  and  B),  are  merely  modifications  of  the  same  principle. 

The  original  Connell  suture  (Fig.  287),  devised  by  M.   E.   Connell,  con- 
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sists  of  two  through-and-through  right-angled  continuous  sutures  which  are 
inserted  as  follows:— In  enterorrhaphy  the  divided  ends  of  the  intestine 
may  be  held  in  apposition  by  suspension  loops  while  the  sutures  are  being  placed 
or,  as  in  lateral  anastomosis,  rubber-covered  forceps  may  be  used  for  this  pur- 
pose. The  needle  enters  at  the  convex  margin  of  one  end — or  under  one  angle 
of  the  wound,  if  the  operation  of  lateral  anastomosis  is  being  perfomied — and  is 
made  to  pierce  all  the  coats.  It  then  passes  at  a  right  angle  through  all  coats 
of  the  two  approximated  cut  edges  and  back  again,  the  space  between  any  two 
needle  punctures  being  about  one-eighth  of  an  inch  and  the  punctures  themselves 
being  made  at  about  the  same  distance  from  the  cut  edges.  This  mode  of  su- 
turing is  continued  until  the  opposite  extremity  of  the  wound  is  reached,  when 
the  needle  is  made  to  pierce  the  bowel,  from  within  outward,  at  a  point  exactly 
opposite  that  at  which  the  fii"st  suture  was  introduced.  The  free  ends  of  this 
suture  are  now  caught  with  the  forceps,  and  another  needle,  armed  with  a  thread 
of  proper  length,  is  employed  for  suturing  the  second  part. 

In  the  second  part  of  the  operation  the  fresh  needle  is  introduced,  not  into 
the  same  loop  in  which  the  needle  used  in  the  first  part  was  introduced,  but 
into  the  opposite  one.  It  is  made  to  enter  this  second  loop  at  a  point  directly 
opposite  that  where  the  first  suture  was  introduced.  The  needle  is  made  to 
penetrate  from  without  into  the  lumen  of  the  intestine.  The  new  suture  is 
then  carried  across  to  the  first  loop  in  a  direction  parallel  with  the  original 
suture.  Next,  the  needle  is  introduced  at  a  right  angle  with  the  first  puncture 
and  is  carried  out  through  all  coats  of  the  unsutured  side  of  the  bowel.  It  is 
then  carried  over  to  the  opposite  unsutured  edge  and  introduced  first  from 
■without  inward  and  then  from  wdthin  outward;  then  it  is  once  more  carried 
to  the  opposite  side;  and  this  manoeuvre — first  over,  then  inward,  and 
finally  out  again — is  repeated  until  the  end  of  the  cut  surface  is  reached,  the 
last  step  being  to  carry  the  needle  from  within  outward,  on  the  same  side  with 
the  first  suture  inserted,  at  a  point  exactly  opposite  the  point  of  starting,  and 
in  a  direction  parallel  with  the  termination  of  the  first  suture.  If  the  forceps 
is  now  removed  and  the  free  parallel  ends  are  drawn  taut,  a  complete  inversion 
of  the  cut  edges  vnll  take  place.  The  free  arms  of  the  suture  at  either  pole  are 
now  tied,  care  being  taken  that  puckering  of  the  parts  does  not  take  place. 
The  knots  are  drawn  down  between  the  fold  of  the  serous  surfaces.  This  suture 
makes  it  possible  to  obtain  a  through-and-through  union,  with  perfect  approxi- 
mation of  the  margins  of  the  serosa. 

In  our  personal  work  we  have  employed  this  suture  for  over  twentj''  years, 
and  it  has  given  us  so  much  satisfaction  that  we  prefer  it  to  any  other  of  which 
we  have  knowledge. 

With  the  object  of  removing  the  theoretical  objection  of  a  perforating  stitch 
being  knotted  on  the  serosa,  F.  Gregory  Connell  has  so  modified  the  suture  that 
the  knot  is  withm  the  lumen  on  the  mucosa.  As  described  by  him  the  suture 
may  be  either  interrupted  or  continuous;  the  interrupted  fomi  is  sho^^n  in  the 
accompanying  illustrations.     (Figs.  288  to  297.) 

Mechanical  Substitutes  for  Sutures. — The  numerous  mechanical  aids  that  have 
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been  devised  for  approximation  of  the  edges  of  an  intestinal  wound,  have  played 
their  part  in  the  evolution  of  surgery  of  the  intestine,  but  the  Murphy  button 
alone  has  stood  the  test  of  time  and  is  now  practically  the  only  one  in  general 
use.     (Fig.  128,  page  363.) 

While  most  surgeons  of  experience  agree  that  some  type  of  suture  forms  a 
more  nearl}^  ideal  method  of  securing  intestinal  union,  it  must  be  admitted  that 
the  button  holds  a  legitimate  place  in  the  armamentarium  of  the  surgeon.  The 
simplicity  of  the  conti'ivance  and  the  ease  with  which  it  can  be  applied  make 
its  employment  a  much  safer  method  than  suturing  in  the  hands  of  those  of 
limited  experience.  In  cases  where  a  rapid  completion  of  an  operation  is  im- 
perative it  is  often  of  great  value,  not  only  in  other  parts  of  the  intestinal  canal, 
but  also  in  such  locations  as  the  sigmoid  flexure  and  the  rectum,  where  suturing 
would  be  especiall}^  difficult. 

The  mode  of  applying  the  button  is  so  well  shown  by  the  illustration  that 
a  detailed  description  is  unnecessary.     It  may  be  used  with  equal  advantage 
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Fig.  302.— Mixter's  Tube. 


in  end-to-end  and  end-to-side  union  and  in  lateral  approximation.  The  oblong 
button  is  especially  useful  in  lateral  anastomosis. 

Suture  Material;  Needles. — The  suture  material  used  in  intestinal  work 
may  be  either  silk  or  linen.  The  needles  are  preferably  the  ordinary  sewing 
needles  of  extra  length,  so  that  they  may  be  comfortably  handled  without  a 
needle-forceps.  One  great  advantage  of  the  suture  method  is  that  the  material 
is  always  at  hand. 

Rubber-Covered  Clamps. — For  preventing  the  escape  of  the  contents  of  the 
divided  bowel  during  operation,  the  rubber-covered  clamps  of  Murphy  serve  an 
excellent  purpose,  although  the  use  of  a  tape  passed  through  a  non-vascular 
portion  of  the  mesentery  and  tied  over  the  bowel  only  tightly  enough  to  pre- 
vent the  escape  of  its  contents,  will  be  found  equally  efficient.  The  mesenteric 
openings  should  be  subsequently  closed  by  suture. 

Purse-string  Sutures. — Perforations  that  do  not  involve  the  mesenteric 
border  may  be  closed  b}^  a  simple  purse-string  suture,  provided  the  lumen  of 
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the  bowel  is  not  thereby  reduced  more  than  one-thiid.  (Fig.  297.)  Disease 
or  injury  involving  a  larger  portion  of  the  intestinal  wall  or  compromising  the 
blood-supi)ly  must  be  dealt  with  by  resection. 

EntcwrrJutphy. — The  repair  of  bowel  injuries  by  any  method  of  suture  is 
known  as  enterorrhaphy.  If  the  entire  circumference  of  the  bowel  is  incised, 
the  repair  is  termed  a  circular  enterorrhaphy.  The  principles  governing  the 
operation  are  the  same  as  those  of  all  other  intestinal  operations,  a  careful 
approximation  of  the  edges  of  the  serosa  and  the  securing  of  an  adec|uate  blood 
supply  being  the  essentials. 

Resection  with  Lateral  Anastomosis. — After  a  resection  it  is  sometimes  de- 
sirable, because  of  the  unequal  size  of  the  divided  ends  or  for  other  reasons,  to 
make  a  side-to-side  or  lateral  anastomosis.  (Fig.  298.)  The  divided  end  of 
the  bowel  is  crushed  with  heavy  forceps  or  with  an  angiotribe,  and  then,  while 
this  instrument  is  still  in  position,  a  purse-stirng  suture  is  applied  about  half 
an  inch  below  the  forceps.  A  ligature  is  tietl  in  the  gi'oove  made  by  the  for- 
ceps and  the  end  is  inverted  while  the  purse-string  suture  is  drawn  taut  and 
tied.  (Fig.  299.)  The  anastomosis  is  made  by  means  of  sutures  or  by  the 
emplojaiient  of  the  oblong  Murphy  button.  A\Tien  sutures  are  used,  the  open- 
ing should  be  made  from  one  inch  to  one  inch  and  a  half  in  length. 

Another  method  of  making  an  intestinal  anastomosis  is  that  of  T.  A.  McGraw. 
This  method  is  sufficiently  explained  by  the  accompanying  illustrations.  (Fig. 
300.)  Special  needles  for  the  application  of  this  method  have  been  devised 
by  McLean,  Sanderson,  and  others.  F.  T.  Murphy  found  that,  by  placing 
a  knot  in  the  suture  opposite  the  tie  ends,  the  elastic  ligature  cut  its  way  through 
more  rapidly.     Maury  utilizes  a  triangular  ligature  of  twine. 

The  advantage  claimed  for  the  McGraw  method  is  that,  by  its  use,  the  anas- 
tomosis can  be  made  without  opening  the  lumen  of  the  bowel. 

End-to-Side  Anastomosis. — This  procedure  has  been  recommended  for  use 
in  those  cases  in  which  union  between  the  large  and  small  bowel  is  desired,  or  in 
which  it  is  advisable  to  exclude  a  portion  of  intestine .  The  triangular  space  at 
the  mesenteric  border  of  the  cut  end  must  be  carefully  obliterated  before  the  union 
is  made.  This  is  best  done  by  a  mattress  suture  so  placed  that  the  knot  is  on  the 
side  of  the  mucous  membrane.  The  union  may  then  be  effected  by  the  use  of  any 
one  of  the  various  suture  methods  or  by  means  of  the  Murphy  button. 

Enteroiplasty . — Plastic  operations  on  the  intestine  are  made  usually  for  the 
purpose  of  correcting  stenosis  due  to  cicatricial  contractions.  A  longitudinal 
incision  through  the  strictured  portion,  with  transverse  suturing  after  the 
manner  of  the  Heineke-Mikulicz  pyloroplasty,  is  the  type  of  operation  conmionly 
employed.     (Fig.  SOL) 

Omental  Grafting.. — Omental  grafting  is  a  plastic  operation  which  is  some- 
times resorted  to  as  a  means  of  re-enforcing  a  line  of  intestinal  suture.  Senn 
taught  a  method  of  using  detached  omental  grafts  which  are  to  be  held  in  place 
by  sutures,  but,  when  possible,  it  is  better  to  slide  a  portion  of  the  omentum 
over  the  line  of  suture.  While  this  may  still  be  of  use  where  imperfect  suturing 
is  suspected,  it  is  better  to  rely  upon  carefully  placed  sutures  in  the  intestine. 
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Intestinal  Exclusion.— Intestinal  exclusion  consists  in  excluding  the  fiecal 
current  from  a  portion  of  the  canal  by  anastomosing  the  bowel  above  with  that 
below  the  excluded  segment,  without  removing  the  latter.  It  is  resorted  to 
chiefly  in  cases  where  a  malignant  neoplasm,  which  cannot  be  removed,  is 
producing  obstruction.  The  exclusion  may  be  partial  or  complete.  In  partial 
exclusion  the  proximal  loop  is  divided,  the  ends  are  closed,  and  a  lateral  or 
end-to -side  union  is  made  with  the  distal  loop  below.  In  complete  exclusion, 
both  proximal  and  distal  loops  are  divided  and  the  anastomosis  is  made  as  above. 
This,  however,  is  not — fgr  obvious  reasons — ^to  be  recommended. 

Enterostomy.— Enterostomy  consists  in  establishing  an  artificial  communi- 
cation between  the  lumen  of  the  bowel  and  the  abdominal  wall.  The  fistula 
thus  formed  is  named  according  to  the  portion  of  the  bowel  involved — as,  for 


Fig.  303. — Mixter's  Method  of  Colostomv. 


example,  jejunostomy,  ileostomy,  colostomy,  or  sigmoidostomy.  The  tenn 
enterostomy  is  generally  hmited  in  its  application  to  the  jejunum  and  ileum. 
The  procedure  is  indicated  as  a  means  of  relief  in  complete  obstruction,  or  as  a 
life-saving  temporary  measure  in  connection  with  operations  upon  a  patient 
whose  condition  would  not  warrant  the  performance  of  a  prolonged  radical 
operation. 

Enterostomy  may  be  made  after  the  manner  of  a  colostomy  (to  be  herein- 
after described),  or  the  tube  of  Mixter  may  be  used,  in  which  case  the  bowel  is 
opened  at  once  and  the  contents  are  conducted  away  without  soiling  the  wound. 
(Fig.  302.)  An  ingenious  method  of  accomplishing  the  same  end  is  described 
by  Stewart.  One-half  of  a  Murphy  button  is  fastened  in  the  bowel  in  the  usual 
way,  the  other  half  being  inserted  and  tied  into  the  end  of  a  rubber  tube  of  suit- 
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able  size.     The  halves  of  the  buttons  are  then  jomed  and  the  visceral  contents 
are  drained  into  a  suitable  receptacle. 

Colostomy. — Colostomy  may  l^e  perfomied  either  through  the  loin  by  a 
lumbar  incision  (the  retro-peritoneal  method)  or  by  means  of  an  incision  in  the 
inguinal  region  it  he  trans-peritoneal  method).  Inguinal  colostomy  is  now  more 
commonly  employed  because  of  the  advantages  to  be  derived  from  an  opening 
into  the  abdomen  which  allows  of  inspection  and  palpation  of  the  condition  for 
which  the  operation  is  perfoiTned.  Another  reason  for  selecting  the  anterior 
method  is  the  ease  with,  which  the  opening  in  this  location  may  be  cared  for  by 
the  patient.  The  imceitainty  as  to  the  absence  of  a  meso-colon  also  fa  vol's  the 
anterior  route. 

Colostomy  is  most  commonly  indicated  for  the  relief  of  stenosis  of  the  rec- 
tum, usually  for  inopemble  mahgnant  disease.  It  may  be  employed  as  a  pre- 
liminaiy  step  before  the  removal  of  such  obstruction,  the  object  being  to  give 
phj-siological  rest  to  a  diseased  pait  or  to  render  irrigation  possible.  The 
colostomy  may  be  either  peiTiianent  or  temporaiy.  T^Tien  the  operation  is 
perfoiTued  for  temporaiy  purposes,  the  technique  is  practically  the  same  as  that 
described  for  enterostomy-.  If  it  is  perfonned,  however,  as  a  pennanent  means 
of  rehef,  it  will  be  found  best  to  adopt  the  following  technique: 

The  mcision  is  smaller  than  that  for  appendicectomy.  the  muscle-splitting 
or  grichron  incision,  and  may  be  located  on  either  the  right  or  the  left  side. 
When  it  is  made  on  the  left  side  the  sigmoid  is  opened  and  the  operation  is  known 
as  sigmoidostomy :  but  the  technique  is  practically  the  same  on  either  side. 
The  abdominal  caA-ity  is  opened,  the  tumor  and  its  relations  are  explored,  and 
the  desired  loop  of  bowel  is  brought  into  the  incision. 

It  was  fomierly  advised — in  order  to  prevent  a  subsequent  prolapse — that 
the  portion  of  the  bowel  to  be  anchored  in  the  incision  should  be  the  most 
proximal  portion  obtainable.  But  it  was  found  that  a  prolapse  rarely  occurred 
even  when  such  precautions  were  not  taken.  It  is  therefore  now  advised  that  the 
portion  of  lx)wel  to  be  anchored  in  the  incision  should  be  the  most  chstal 
part  that  can  be  brought  into  the  wound.  By  tliis  method  a  pouch  is  fonned 
which  acts  as  a  resen'ou-  or  faecal  container  not  unlike  the  ampidla  of  the  rectimi. 
This  plan,  conjoined  with  the  muscle-spHtting  incision  intended  to  fuiTiish  a 
substitute  for  the  anus  audits  spliincter,  tends  to  render  the  existence  of  these 
unfortimate  patients  more  comfortable.  If  the  colostomy  is  to  seiwe  a  tem- 
poraiy purpose,  the  approximated  aiTus  of  the  loop  may  be  sutured  together 
on  either  side  for  a  distance  of  two  inches  before  the  loop  is  anchored.  The 
spur  thus  foiTued  may  aftei'ward  be  destroyed  by  a  ciTishing  forceps,  which  is 
to  be  left  in  position  for  a  few  hours.  By  the  destiiiction  of  the  spiu'  the  faecal 
current  is  restored,  in  the  same  way  as  it  is  accomphshed  by  the  method  of 
DupuA-tren. 

After  the  proper  portion  of  bowel  to  be  anchored  to  the  abdominal  woimd 
has  been  selected,  the  mesenteiy  is  put  upon  the  stretch  and  the  bowel  is  brought 
out  of  the  abdominal  ca^^ty.  As  the  mesenteiy  is  being  stretched,  a  non- 
vascular space  is  selected  for  the  insertion  of  a  bridge  u]xin  which  the  bowel 
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will  rest.  This  bridge  of  Maydl  consists  of  a  glass  rod,  about  the  size  of  a  lead 
pencil,  covered  with  rubber  tubing.  In  recent  years  various  procedures  have 
been  employed  to  do  away  with  the  necessit}^  of  introducing  this  bridge.  Thus, 
for  example,  it  has  been  found  that  a  mattress  suture,  passed  through  all  the 
layers  of  the  abdominal  wall  and  through  the  mesentery  and  then  tied  tight, 
will  keep  the  bowel  in  place.  Mixter  also  described  a  very  satisfactory  method, 
according  to  which  a  flap  of  skin,  formed  at  the  time  when  the  abdominal  inci- 
sion is  made,  is  passed  through  the  mesentery  and  sutured  in  place.  It  seems 
to  retain  the  loop  of  bowel  in  proper  position.  The  writer  has  made  use  of 
this  method  in  a  number  of  instances  with  much  satisfaction.  (Fig.  303.) 
The  appendices  epiploicse  should  be  ligated  with  catgut  and  removed. 

The  abdominal  incision  may  be  so  diminished  in  size  that  it  shall  accurately 
enclose  the  projecting  loop  of  bowel,  the  visceral  and  parietal  peritoneum  being 
united  by  a  continuous  suture.  The  bowel  may  be  opened  at  the  end  of  forty- 
eight  hours  by  a  transverse  incision  made  with  knife  or  cautery.  If  immediate 
opening  is  imperative,  a  purse-string  suture  is  first  placed  in  position,  the  bowel 
is  incised,  and  a  Mixter  tube  or  a  Murphy  button  is  inserted  in  the  maimer 
described  under  Enterostomy.  The  tube  is  allowed  to  remain  in  place  until  it 
separates  itself  spontaneously  by  sloughing,  usually  about  the  fourth  day. 
If  a  delay  is  permissible,  the  exposed  loop  of  bowel  is  surrounded  by  a  layer  of 
rubber  dam  or  gutta-percha  tissue  and  a  moist  dressing  or  a  dusting  powder 
is  applied. 


SURGICAL  DISEASES  AND  WOUNDS  OF  THE 
ANUS  AND  RECTUM. 

By  JAMES  P.   TUTTLE,  M.D.,  New  York  Citi/,  and  SAMUEL  T. 
EARLE,  M.D.,  Baltimore,  Maryland. 


I.  AXATO:\IY  AXD  PHYSIOLOGY  OF  THE    ANUS  AND  RECTUM. 

For  want  of  space  we  must  refer  our  readers,  for  the  details  of  the  anatomy 
and  physiology  of  the  anus  and  rectum,  to  special  works  under  these  headings. 
Only  a  few  points  will  receive  consideration  here.  We  would  call  attention 
to  the  following  embryological  facts,  which  we  think  are  important  in  the 
consideration  of  malformations  of  the  rectum,  ^'iz.:  during  the  development  of 
the  rectum  from  the  hypoblast  and  mesoblast  an  invagination  of  the  epiblast 
is  steadily  progressing.  This  invagination,  which  is  called  the  "proctodseimi," 
advances  until  the  outer  and  inner  layers  of  the  mesoblast  are  pressed  together 
and  absorbed,  and  the  epiblast  of  the  proctodseum  and  the  hypoblast  of  the 
hind-gut  approach  each  other  and  form  the  double  septum  between  the  rectum 
and  the  proctodeum,  or  embryonic  anus.  The  absorption  of  the  septum 
renders  the  conjunction  of  the  rectmn  and  anus  complete,  and  leaves  a  narrow 
zone  that  indicates  the  transition  from  the  mucous  membrane  to  muco-cuta- 
neous  tissue,  which  has  been  termed  by  Stroud  the  "pecten."  This  zone  marks 
the  lower  limits  of  the  rectum  and  the  upper  margin  of  the  anus. 

The  failure  of  the  layers  of  the  mesoblast  and  hypoblast  to  unite  at  this 
point  results  in  the  production  of  two  of  the  most  common  fomis  of  malfomia- 
tions  of  the  rectum.     (Figs.  312  and  313.) 

The  Valves  of  Houston. — In  view  of  the  important  facts  which  have  recently 
been  brought  out  by  T.  C.  ^lartin,  J.  Rawson  Pemiington,  and  others,  relative 
to  the  part  taken  by  the  pathological  changes  in  these  valves,  in  the  production 
of  obstipation  and  other  kindred  maladies,  we  \\ish  also  to  speak  of  them  in 
detail. 

The  mucous  membrane  of  the  rectum  above  the  colmnns  of  Morgagni  is 
thrown  into  irregular  horizontal  folds,  most  of  which  entirely  disappear  when 
the  organ  is  distended.  At  from  one  to  four  points  in  the  organ. — the  nmnber, 
however,  varying  in  different  cases, — these  folds  become  more  prominent  when 
the  bowel  is  distended,  and  extend  out  into  its  caAdty  in  a  crescentic  fomi.  (Fig. 
304.)  Houston  *  firet  described  these  folds  as  valves  of  the  rectum.  They  vary  in 
number  from  one  to  five.     Ordinarily  there  are  three — the  superior,  the  middle, 

*  Dublin  Hospital  Reports,  1830,  vol.  v.,  p.  158. 
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and  the  inferior.  The  middle  one  is  the  most  constant.  It  arises  from  the 
right  anterior  quadrant  of  the  rectal  wall,  about  6  to  9  centimetres  above 
the  margin  of  the  anus.  It  varies  in  height  according  to  the  depth  of  the  peri- 
toneal cul-de-sac,  being  always  just  below  the  latter.  The  inferior  valve  is 
located  upon  the  left  posterior  quadrant,  from  25  to  30  millimetres  above  the 
margin  of  the  anus,  and  the  superior  valve  is  located  in  the  same  quadrant, 
about  8  to  11  cm.  above  the  anus.  (Fig.  304.)  At  the  juncture  of  the  rectum 
with  the  sigmoid  flexure,  opposite  the  third  sacral  vertebra,  there  is  always  a 
well-developed  fold  or  valve,  which  more  nearly  occludes  the  cahbre  of  the 
organ  than  does  either  of  the  others.     It  is  situated  somewhat  anteriorly  and 


Fig.  304. — The  Drawing  Shows  the  Positions  of  Houston's  and  the  Semilunar  Valves. 

to    the  right    or   left  side  according  to    the   direction  of  the  flexure  of  the 
sigmoid  upon  the  rectum. 

The  rectal  valves  protrude  into  the  cavity  of  the  organ  to  various  extents. 
They  are  attached  to  the  wall  of  the  intestine  throughout  one-third  to  one- 
half  of  its  circumference ;  they  are  crescentic  in  shape,  and  present  for  con- 
sideration two  surfaces,  a  free  border,  a  base,  and  a  central  body.  The  superior 
surface  of  each  valve  appears  as  a  smooth,  inclined  plane,  slightly  depressed 
in  the  centre,  and  the  inferior  surface  corresponds  to  the  superior,  being  more 
or  less  convex  according  to  the  concavity  of  the  latter.  The  two  surfaces  are 
separated,  the  one  from  the  other,  by  the  tissues  which  intervene,  viz.,  the 
mucous  membrane  and  the  tissues  which  compose  the  structure  of  the  valve. 
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The  free  borders  of  the  valves  are  crescentic  in  shape,  clearly  defined,  and 
directed  toward  the  cavity  of  the  rectum.  In  the  normal  condition  they  are 
usually  thin,  flexible,  and  easily  pushed  aside.  Owing  to  the  arrangement  of 
the  valves  at  different  levels,  with  their  edges  overlapping,  the  appearance  pre- 
sented, when  the  rectum  is  dilated  and  the  examination  is  made  through  a  proc- 
toscop(\  is  somewhat  like  that  of  a  turbine  wheel.  The  attachment  of  the 
valvt^s  to  the  rectal  wall  is  not  upon  a  horizontal  plane;  one  end  is  slightly 
higher  than  the  other,  this  arrangement  furnishing  a  sort  of  inclined  plane 
which  contributes  to  the  easy  passage  of  the  fecal  material  over  the  valves. 
As  Houston  stated  in  his  original  paper,  the  valves  consist  of  two  folds  of 
mucous  nn^mbrane,  separated  by  cellular  and  fibrous  tissue  and  muscular  fibres. 

The  function  of  these  valves  is  to  support  and  let  down  gradually  the  fecal 
mass  in  its  descent  through  the  rectal  canal  until  it  reaches  the  anus. 

The  Arterial  Vaseular  Supply. — The  rectum  receives  its  blood  supply  from 
four  sources:  the  superior,  middle,  and  inferior  hemorrhoidal,  and  the  middle 
sacral  arteries.     (Plate  LIII.) 

The  Nerve-supply  of  the  Anus  and  Rectum. — The  anus  and  rectum  receive 
their  nerve-supply  from  both  the  sympathetic  and  the  cerebro-spinal  systems. 
The  rectum  is  chiefly  supplied  by  the  sympathetic.  The  internal  sphincter 
receives  its  sjaiipathetic  fibres  along  two  paths:  (a)  through  branches  which 
pass  from  the  second,  third,  and  fourth  lumbar  sympathetic  ganglia  to  the 
inferior  mesenteric  ganglia,  thence  by  the  hypogastric  nerve  to  the  hypogastric 
plexus;  (6)  through  the  nervi  erigentes,  which  arise  from  the  third  and  fourth 
sacral  nerves  and  end  in  the  hypogastric  plexus.  The  cerebro-spinal  nerves 
are  supplied  almost  entirely  to  the  external  sphincter  and  the  adjoining  volun- 
tary muscles  and  skin.  This  cerebro-spinal  supply  comes  chiefly  through  the 
pudic  nerve  and  its  branches.  The  pudic  nerve  is  made  up  principally  from 
the  third,  but  also  in  part  from  the  second  and  fourth  sacral  nerves.  The 
individual  branches  of  the  pudic  that  supply  the  anus,  external  sphincter,  the 
adjoining  muscles,  and  skin,  are  the  inferioi-  hemorrhoidal  and  the  deep  division 
of  the  anterior  perineal  nerve;  the  former  distributing  its  branches  in  fan-like 
manner  to  the  external  sphincter  and  to  the  skin  around  the  anus,  while  the  latter 
supplies  the  anterior  portion  of  the  external  sphincter,  the  levator  ani,  and  the 
transversus  perinei  muscles.  The  spinal  centre  which  controls  this  nerve- 
supply  of  the  anus  and  the  rectimi  is  supposed  to  be  located  about  the  level  of 
the  flrst  lumbar  vertebra.  This  centre  is  practically  the  same  as  that  for  the 
genito-urinary  apparatus,  which  accounts  for  the  various  reflexes  between  the 
two  systems. 

Lymphatics  of  the  A7ius  and  Rectum. — Quenu  *  has  shown  that  the  anus  and 
rectum  are  supplied  with  three  sets  of  lymphatics,  which  pursue  practically  the 
same  course  as  do  the  arteries  which  supply  these  parts. 

The  Sigmoid  Flexure  or  the  Pelvic  Colon. — The  sigmoid  flexure  begins  above, 
at  the  termination  of  the  descending  colon,  near  the  outer  border  of  the  left 
psoas  muscle,  and  embraces  all  that  portion  of  the  intestinal  canal  which  lies 

*  Bull,  de  la  Societe  d'Anatomie,  Paris,  1893,  p.  399. 
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between  this  point  and  the  upper  termination  of  the  rectum,  opposite  the 
third  sacral  vertebra.  As  measured  m  situ,  it  is  about  nineteen  inches 
in  length. 

Physiological  Considerations. — The  anus,  rectum,  and  sigmoid,  while  forming 
a  portion  of  the  alimentary  tract,  take  no  part  in  the  processes  of  digestion,  except 
in  so  far  as  some  action  of  this  nature  may  be  continued  by  a  small  portion  of 
the  digestive  fluids  which  are  brought  down  in  the  mass  of  fecal  matter.  The 
sigmoid  and  rectum  are  the  receptacles  for  the  fecal  matter,  but  absorption  is 
still  provided  for  in  the  rectum,  through  the  glands  of  Lieberkuehn. 

The  function  of  the  anus  is  to  furnish  an  exit  for  the  fecal  matter,  and  to 
control  its  discharge.  In  nomial  conditions  the  external  sphincter  muscle, 
which  controls  this  exit,  is  in  a  constant  state  of  tonic  contraction,  under  the 
control  of  a  reflex  centre  in  the  upper  portion  of  the  lumbar  cord,  just  above 
the  conus  medullaris.  The  control  which  is  exerted  by  this  centre  may  be  further 
supplemented  by  the  higher  voluntary  centres  in  the  brain.  When  fecal  matter 
or  flatus  enters  the  rectum,  afferent  impulses  ascend  to  the  lumbar  centre,  which 
excites  the  dilator  fibres  of  the  internal  sphincter  and  inhibits  the  tonic  con- 
traction of  the  external  sphincter,  which  then  in  turn  relaxes.  The  same 
afferent  impul^s  which  inhibit  the  lumbar  centre  that  controls  the  external 
sphincter,  stimulate  the  motor  cells  in  the  anterior  horn  of  the  gray  matter  of 
the  cord,  whose  axones  supply  motor  fibres  to  the  levator  muscle,  which  in  turn 
contracts  and  pulls  open  the  anal  canal.  At  the  same  time  the  involuntary 
muscles  of  the  rectum  are  stimulated  by  these  same  afferent  impulses,  and  they 
in  turn  contract  upon  the  contents  of  the  rectum.  These  expulsive  efforts  are 
further  supplemented  by  the  action  of  the  voluntary  muscles  of  the  abdomen 
and  pelvis. 

The  lumbar  centre  that  controls  the  external  sphincter  muscle  is  purel}^  a 
reflex  centre,  which  acts  automatically  when  disconnected  from  the  higher 
cerebral  centre,  as  is  seen  under  different  circumstances:  in  disease  of  or  injury 
to  the  cord  or  higher  centres;  or  in  infancy,  when  the  connection  with  these 
higher  centres  is  incomplete;  or,  again,  when  the  influence  of  the  higher  centres 
is  suddenly  suspended,  as  by  fear,  etc.  The  control  of  the  anal  outlet  by  the 
external  sphincter  is  further  supplemented  by  the  action  of  the  internal  sphincter, 
which,  by  reason  of  its  being  composed  only  of  involuntary  muscular  fibres,  is 
much  slower  in  its  action  and  much  less  responsive  than  the  external.  The 
assistance  which  it  affords  when  the  action  of  the  external  sphincter  is  lost,  is 
very  great. 

The  functions  of  the  rectum  and  sigmoid  are  practically  the  same.  They 
are  both  receptacles  or  reservoirs  for  the  fecal  material  after  it  has  passed  through 
the  intestinal  canal,  although  the  sigmoid  serves  this  purpose  principally  and 
for  a  much  longer  time.  The  material  is  softer  and  more  fluid  in  the  sigmoid 
than  in  the  rectum ;  it  is  also  more  constantly  present  in  the  former.  It  is  not 
true,  however,  as  is  frequently  stated ,  that  the  rectum  is  always  empty  except 
just  before  the  period  of  defecation.  It  nearly  always  contains  more  or  less 
fecal  matter. 


EXPLANATION    OF   PLATE    LIII. 

Blood-Supply  of  the  Anus,  Rectum,  and  Sigmoid  Flexure. 

A,  Superior  Hemorrhoidal  Artery. 

B,  Sigmoidal  Branch  of  Superior  Hemorrhoidal  Artery. 

C,  Division  and  Distribution  of  Sigmoidal  Artery. 

D,  Middle  Hemorrhoidal  Artery. 

E,  External  Hemorrhoidal  Artery. 

F,  Colonic  Branch  of  the  Inferior  Mesenteric  Artery. 
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PLATE   LIII 


BLOOD-SUPPLY  OF  THE  ANUS,    RECTUM,  AND  SIGMOID   FLEXURE 

^  From  drawings  made  specially  for  the  authors.) 
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II.   ANAL  AND  RECTAL  EXAMINATIONS. 

General  Remarks. — The  necessity  for  making  a  thorough  looal  examination 
in  all  cases  presenting  symptoms  referable  to  the  intestinal  tract  cannot  be  too 
strongly  emphasized;  and  this  admonition  is  especially  needed  by  the  general 
practitioner,  who,  either  from  the  tfoul)le  which  it  involves,  or,  more  often, 
from  the  unpleasantness  which  characterizes  such  an  examination,  is  too  ready 
to  make  a  snap  diagnosis  upon  the  verbal  statement  of  the  patient  and  to  pre- 
scribe at  random.  In  doing  this  he  not  only  does  himself  a  great  injustice,  but 
falls  far  short  of  discharging  his  duty  to  the  patient.  Indeed,  in  many  cases, 
he  is  guilty  of  criminal  neglect  by  not  availing  himself  of  the  opportunity  to 
recognize  a  very  simple  pathological  condition,  which  might  then  be  easily 
relieved  before  it  becomes  more  serious  and  therefore  much  more  difficult  to 
cure.  This  statement  is  especially  true  of  thrombotic  hemorrhoids,  beginning 
abscesses,  and  malignant  growths. 

The  history  of  the  case  should  be  taken.  In  the  slight  cases,  it  will  be 
sufficient  to  ascertain  all  the  facts  which  bear  directly  upon  the  condition;  in 
the  more  serious  ones,  the  individual  and  the  hereditary  history  should  also  be 
ascertained.  All  these  data,  as  well  as  those  relating  to  the  conditions  found  on 
examination  of  the  patient,  should  be  recorded. 

Whenever  a  patient,  who  complains  of  any  rectal  trouble  or  of  any  vague 
symptoms  which  might  in  some  way  be  caused  by  diseased  conditions  of  the 
rectum  or  anus,  comes  to  a  physician, — whether  he  be  a  general  practitioner  or 
a  rectal  specialist,  it  matters  not, — the  latter  should  always  insist  upon  making 
a  thorough  examination  of  the  parts  before  prescribing.  The  symptoms  of 
disease  in  this  part  of  the  body  do  not  alone  furnish  inforaiation  upon  which  we 
may  safely  base  a  diagnosis.  It  is  therefore  imperative  that  advantage  should 
be  taken  of  every  attainable  means  for  ascertaining  the  truth ;  and,  in  harmony 
with  this  idea,  the  family  physician  should  be  as  fully  equipped  for  making  an 
examination  of  the  rectum  as  for  making  one  of  the  chest.  The  evacuations 
of  the  bowels  should  be  carefully  examined,  a  note  being  made  of  their  number, 
their  consistency,  and  their  character — as  regards  the  pre.sence  of  mucus  or 
of  blood,  and  also — when  the  latter  is  present — as  regards  its  nature  (whether 
venous,  arterial,  fluid  or  coagulated).  If  there  is  any  pain  preceding,  attending, 
or  following  the  stool,  a  note  should  be  carefully  made  of  the  location  of  the 
pain  (whether  at  the  anal  margin  or  further  up  in  the  rectum)  and  of  its  character 
(whether  acute  or  of  a  dull  aching- kind).  Inquiry  should  be  made  as  to  any 
protrusion  of  the  anal  mucous  membrane,  and,  if  it  be  found  that  such  a  pro- 
trusion does  take  place,  a  note  should  be  made  of  the  times  when  it  occurs,  of 
the  circumstances  under  which  it  takes  place  (as  by  straining  at  stool  and  even 
when  the  patient  stands  or  walks),  and  of  such  facts  as  the  following:  whether 
it  returns  spontaneously  or  has  to  be  replaced  by  the  patient ;  whether  it  bleeds 
when  it  is  outside  the  anus ;  whether  it  is  painful ;  and  what  are  its  characteristics 
as  to  form  and  consistency. 
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Preliminary  Preparation  of  the  Patient. — The  patient's  rectum  should  be 
thoroughly  emptied  by  one  or  more  tepid  enemas,  to  be  taken  in  the  knee-chest 
position  from  one  to  two  hours  before  he  comes  to  the  physician's  ofRce.  This 
length  of  time  is  allowed  to  intervene,  in  order  that  the  small  amount  of  water, 
which  always  remains  in  the  rectum  after  the  voluntary  expulsion  of  that  taken 
by  enema,  may  be  absorbed.  Unless  this  small  residual  mass  of  water  is  gotten 
out  of  the  way  it  will  greatly  annoy  the  physician  while  making  the  examination. 
If  this  thorough  washing-out  of  the  rectum  cannot  be  done  before  the  patient 
comes  to  the  office,  the  physician  should  be  prepared  for  such  emergencies  at  his 
office.  Notwithstanding  the  annoyance  which  such  a  course  will  (as  mentioned 
above)  cause,  it  will  frequently  be  advantageous  for  the  patient  to  have  a  stool 
in  the  physician's  office;  and  for  that  reason  it  may  be  necessary  to  give  him 
an  enema  there.  Thus,  for  example,  if  there  is  any  protrusion,  a  more  correct 
opinion  may  be  formed  of  its  extent  and  character  directly  after  the  stool  than 
at  any  other  time. 

Bodily  Positions  Best  Suited  for  Rectal  Examinations . — There  are  several 
positions  in  which  a  patient  may  be  advantageously  placed  for  examination. 
The  left  lateral,  generally  known  as  Sims'  position,  will  usually  be  found  the 
most  convenient  for  ordinary  examinations,  and  is  attended  with  the  least 
exposure  of  the  patient's  person.  It  is  sometimes  used  for  minor  operations  for 
hemorrhoids,  and  nearly  always  w^hen  Kraske's  operation  or  any  modification 
of  it  is  performed.  The  extreme  lithotomy  position  is  better  adapted  for 
examining  very  stout  patients.  In  certain  cases,  also,  it  will  be  found  the  most 
satisfactory  for  using  the  sigmoidoscope,  and  it  is  the  position  generally  used 
for  operating.  The  knee-chest  position  is  better  adapted  for  high  examinations 
of  the  rectum  with  the  proctoscope  and  sigmoidoscope.  For  this  position  no 
special  table  or  chair  is  required;  a  perfectly  flat  table  w-ill  answer  every  purpose. 
The  thighs  should  be  nearly  at  right  angles  to  the  pelvis,  and  not  drawn  up  under 
the  abdomen,  as  is  apt  to  be  done  by  most  patients.  The  breast  should  be  in 
immediate  contact  with  the  surface  of  the  table,  the  arms  to  the  side  and  the 
back  flexed.  These  directions  are  necessary  if  the  greatest  advantage  is  to  be 
derived  from  this  position. 

The  author  has  found  the  squatting  position  (the  one  natural  at  stool)  to 
be  of  special  advantage  for  bringing  down  protrusions  or  growths,  and  especially 
for  bringing  within  reach  of  the  finger  growths  that  are  too  high  up  to  be  reached 
in  either  of  the  positions  previously  mentioned.  This  position  also  is  especially 
adapted  for  recognizing  cases  of  prolapse  of  the  third  degree.  Any  good  gynaeco- 
logical table  may  be  made  to  serve  every  purpose  for  all  ordinary  examinations 
of  the  rectum.  The  external  appearance  of  the  anus  and  its  immediate 
suroundings  should  be  carefully  noted — especially  the  character  of  the  skin, 
whether  or  not  it  is  white  and  sodden  or  red  and  excoriated,  and  whether  there 
are  any  scars,  ulcerations,  fistulous  openings,  or  external  gro\\i;hs.  A  careful 
search  should  be  made  for  parasites  and  pediculi.  Then  the  parts  should  be 
palpated,  for  the  purpose  of  ascertaining  whether  any  points  of  induration 
exist.     The  buttocks  should  next  be  pulled  well  apart  and  the  patient  directed 


SURGICAL  DISEASES  OF  THE  ANUS  AND  RECTUM.         767 

to  strain  slightly.  These  manoeuvres  will  make  it  possible  to  see  quite  well  the 
anal  canal  throughout  its  whole  length,  and  thus  one  can  frequently  form  Cjuite 
a  correct  idea  with  regard  to  the  presence  or  absence  of  internal  hemorrhoids, 
of  a  fissure,  of  a  polypus  (if  it  happens  to  be  down  at  the  moment),  and  of  the 
general  condition  of  the  mucous  membrane. 

Digital  Examination  of  the  Rectum. — The  educated  index  finger  is  the  most 
valuable  means  of  diagnosis  that  we  have  for  exploring  the  lower  four  inches  of 
the  rectum.  When  the  finger  is  used  for  this  purpose,  it  should  be  well  lubricated, 
and  should  be  introduced  slowly  and  gently,  steady  but  firm  pressure  being  used 
to  overcome  the  resistance  of  the  sphincter.  The  finger  should  be  directed  up- 
ward and  forward  at  first,  until  the  internal  sphincter  is  passed;  then  it  should 
be  directed  backward.  Failure  to  observe  these  rules  ■will  cause  much  pain, 
will  induce  spasm  of  the  muscle,  and  wall  greatly  discourage  the  patient.  A 
twitching,  tender,  spasmodic  sphincter  indicates  the  existence  of  some  acute 
disease  near  the  margin:  a  hard,  firm,  resisting  sphincter  indicates  the  presence 
of  a  chronic  condition,  which  has  caused  hypertrophy  of  the  muscle;  and  a 
relaxed,  flaccid  sphincter  justifies  the  suspicion  that  some  exhausting,  malignant, 
or  constitutional  disease  exists.  Each  portion  of  the  canal  should  be  carefully 
examined  as  the  finger  is  pushed  slowly  onward,  and,  when  the  finger  has  been 
thoroughly  educated,  it  can  recognize  many  conditions  the  existence  of  which 
could  not  otherwise  be  ascertained  ^vithout  putting  the  patient  under  the  in- 
fluence of  a  general  anaesthetic.  Among  such  conditions  may  be  mentioned  the 
internal  opening  of  a  fistula,  an  ulceration,  fluctuation  of  a  perineal  abscess,  and 
the  presence  of  a  foreign  body  which  has  lodged  in  one  of  the  crypts  or  has  been 
caught  in  the  grasp  of  the  muscle. 

After  the  anal  canal  has  been  thoroughly  explored,  the  finger  should  be  carried 
beyond  the  internal  sphincter,  and  swept  gently  around  the  upper  surface  of  the 
rectum,  when  abnormalities,  such  as  polypi,  indurated  internal  hemorrhoids, 
neoplasms,  strictures,  procidentia,  ulcerations,  and  inflammatory  conditions,  may 
be  recognized.  The  condition  of  the  prostate  and  the  uterus  w"ith  its  appendages 
should  be  carefully  examined  regarding  their  relation  to  the  rectum,  and  as  to 
w^hat  influence,  if  any,  they  may  have  upon  the  S}Tiiptoms  of  the.  patient  who 
is  being  examined.  The  condition  of  the  coccyx  should  also -be  ascertained.  If 
the  patient  bears  down  while  at  the  same  moment  the  surgeon  presses  upward, 
it  may  be  possible  to  push  the  finger  another  half-inch  higher  upward,  but  the 
ordinary  limit  of  digital  touch  is  placed  at  four  and  one-half  inches. 

The  introduction  of  the  hand  into  the  rectum  should  be  reserved  for  dire 
emergencies,  and  then  it  should  be  done  onl}^  under  the  influence  of  a  general 
anaesthetic.  The  procedure  is  attended  with  so  much  risk  that  it  had  better 
not  be  attempted,  except  where  the  hand  of  the  operator  does  not  exceed  20 
centimetres  in  circumference;  and  it  should  then  be  done  only  by  an  experienced 
and  skilful  operator.  We  do  not  wish  to  encourage  this  procedure;  there  is 
little,  if  any  necessity  for  doing  it  at  the  present  day,  when  we  have  so  many 
other  better  methods  for  making  a  diagnosis.  I  have  not  employed  it  once 
in  my  experience  of  thirty  years  of  special  work. 
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Instrumental  Examination  of  the  Rectum.— Light.— In  all  methods  of  in- 
strumental examination  of  the  rectum  the  question  of  light  is  very  important. 
While  reflected  daylight  is  very  satisfactory  where  sufficient  can  be  obtained, 
yet  its  supply  is  so  uncertain  and  it  is  subject  to  so  many  interruptions  that  it 
is  much  more  satisfactory  to  rely  upon  artificial  light,  and,  of  the  kinds  available, 
electric  light  is  by  far  the  best.  The  methods  of  supplying  this  may  be  either 
by  the  employment  of  a  head  light  or  by  the  introduction  of  a  miniature  lamp 
into  the  interior  of  the  proctoscope,  the  electric  current  being  conveyed  to  it 
by  insulated  rods. 

Specula. — Digital  examination  of  the  rectum  and  the  information  gained 
thereby  can  be  materially  supplemented  by  ocular  inspection  through  a  speculum. 
The  lack  of  space  will  not  permit  of  even  naming  the  various  devices  which 
have  been  invented  for  the  accomplishment  of  this  end;  they  are  so  numerous. 
We  cannot  attempt  to  give,  even  in  outline,  the  very  interesting  history  of  the 
various  stages  in  their  development.  For  all  these  details  the  reader  is  referred 
to   the    larger   treatises   on   diseases  of   the    anus  and   rectum.     There  is  one 


Earle's  Rectal  Speculum. 


speculum,  however,  which  I  do  not  find  mentioned  elsewhere  in  the  text- 
books, and  which  I  think  is  at  least  as  well  adapted  for  examining  the  upper 
part  of  the  anal  canal  and  the  lower  portion  of  the  rectum  as  any  that  I 
have  ever  seen.  (J.  P.  T.)  The  speculum  referred  to  represents  a  modifica- 
tion of  Sims' vaginal  speculum  by  Dr.  Samuel  T.Earle,  who  is  associated  with 
me  in  the  preparation  of  this  article.  The  modification  has  special  reference 
to  the  different  conditions  met  with  in  this  cavity — viz.,  the  tight  sphincter  and 
the  sharp  curves.  The  curve  is  greater,  the  sides  higher,  and  the  end  more 
pointed  than  is  the  case  in  the  Suns  instrument ;  and  the  blade  of  the  speculum 
is  attached  to  a  short  handle,  which  may  be  so  fixed  as  not  to  interfere  with  the 
buttocks.  (Fig.  305.)  I  have  used  this  instmment,  which  was  devised  about 
fifteen  years  ago,  constantly,  and  have  found  it  very  satisfactory,  especially  in 
cases  of  fissure.  In  these  cases  it  is  necessary  to  introduce  the  instrument  a 
distance  of  only  about  one  inch  in  order  to  pull  back  the  anal  wall,  on  the  side 
opposite  to  that  on  which  the  fissure  is  located,  and  thus  to  expose  the  lesion 
completely  to  view.  This  procedure  causes  scarcely  any  pain  if  the  instrument 
is  introduced  slowly  and  carefully,  and  only  sufficiently  far  to  expose  the  fissure. 
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It  is  also  found  vt'iy  useful  in  holding  open  the  sphincter  while  the  rectum  is 
being  irrigated  and  prei)ared  for  an  operation.  It  may  be  turned  in  any  direc- 
tion, while  in  silu,  and  at  the  same  time  it  dilates  the  sphincter  sufficiently  for 
all  practical  purposes. 

The  Proctoscope. — The  history  of  the  procto.scope  has  been  clearly  set  forth 
by  the  author  in  his  recent  work  on 
"Diseases  of  the  Anus,  Rectum,  and 
Pelvic  Colon.'"  Among  the  many  pat- 
terns of  it  to  be  found  on  the  market, 
probably  that  devised  for  the  author  by 
the  Electro-Surgical  Instrument  Com- 
pany of  Rochester,  N.  Y.,  is  as  complete 
and  satisfactory  as  any,  and  combines 
practically  all  the  recent  improvements, 
including  the  pneumatic  attachment. 
The  instrument,  as  described  in  the 
author's  recent  work  alluded  to  above, 
is  composed  of  a  large  cylinder  (F) ,  from 
three-quarters  inch  to  one  and  one- 
quarter  inch  in  diameter,  into  one  part 
of  the  circumference  of  which  is  fitted  a 
small  metallic  tube,  closed  by  a  flint 
glass  bulb  at  its  distal  end.  (Fig.  306.) 
The  electric  lamp  (G)  is  fitted  upon  a 
long  metallic  stem,  and  carried  through 
this  small  cylinder  to  the  end  of  the 
instrument,  as  is  show^n  in  the  illustra- 
tion. 

The  proctoscope  is  introduced 
through  the  anus  with  the  obturator  (.4) 
in  position.  As  soon  as  the  internal 
sphincter  is  passed,  this  obturator  is 
withdrawn  and,  if  the  rectum  does  not 
inflate  under  atmospheric  pressure,  the 
ba}-onet-fitting  plug  (B),  which  contains 
either  a  plain  glass  window  or  a  lens, 
focused  to  the  length  of  the  instrument 
to  be  used,  is  inserted  in  the  proximal 
end  of  the  instrument.  This  plug  is 
ground  to  fit  air-tight,  and  thus  closes 
the  instrument  perfectly.  The  plug 
being  inserted  in  the  tube,  a  very  slight  pressure  upon  the  hand-bulb  will  cause 
inflation  of  the  rectal  ampulla  to  su€h  an  extent  that  the  whole  rectum  may  be 
observed,  and  the  instrument  may  be  carried  up  to  the  promontory  of  the 
sacrum  without   coming  in  contact  with  the  rectal  wall.     Further  dilatation 
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Fig.  306. — Tattle's  Pneumatic  Proctoscope. 
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will  show  the  direction  of  the  canal  leading  into  the  sigmoid,  and  by  a  little 
care  in  manipulating  the  instrument,  and  by  keeping  the  bowel  well  dilated 
in  advance,  it  may  be  carried  up  into  this  portion  of  the  intestine  without  the 
least  traumatism  of  the  parts.  If  any  fecal  matter  should  obscure  the  light  by 
being  massed  or  smeared  over  the  glass  bulb,  the  i)lug  may  be  removed,  and  a 
pledget  of  cotton,  introduced  with  a  long  dressing  forceps,  will  wipe  this  off  so 
that  the  plug  may  be  re-introduced  and  the  examination  continued  with  very 
slight  delay  or  inconvenience. 

The  adjustable  handle  (C)  fits  on  the  rim  of  the  instrument  and  thus  converts 
it  into  a  Kelly  tube.  This  instrument  is  operated  with  an  ordinary  dry  battery 
of  four  or  six  cells,  or,  better  still,  if  one's  office  is  equipped  with  the  electric 
light,  by  the  admirable  controller  furnished  by  the  manufacturers. 

The  tubes  are  made  of  different  lengths,  varying  from  four  to  fourteen  inches. 
The  very  long  ones  are  supplied  with  the  flexible  obturator,  which  gives  them  the 
Mercier  curve,  like  that  which  exists  in  the  author's  modification  of  the  Kelly 
tubes. 

The  four-inch  instrument  enables  one  to  examine  the  entire  rectum,  but  does 
not  give  any  view  of  the  sigmoid  flexure.  The  ten-inch  tube  is  sufficient  for  any 
ordinary  examination  of  the  rectum  and  sigmoid,  but  one  should,  for  purposes 
of  convenience,  also  have  the  four-inch  tube. 

This  instrument  is  most  satisfactory  and  serves  all  the  purposes  of  the  Kelly 
tubes  or  any  other  proctoscope. 

Other  Instruments  Required  in  Making  Rectal  Examinations. — ^The  extent  of 
the  intes^tinal  canal  which  may  be  seen  through  the  rectum  has  been  greatly 
increased  by  these  modern  methods  of  examination,  but,  in  the  large  majority 
of  instances,  the  field  of  ocular  examination  is  limited  to  the  sigmoid  flexure. 
In  making  such  an  examination,  however,  there  are  other  instruments  which  are 
either  useful  or  necessary  if  we  wish  to  secure  satisfactory  results.  Among 
these  may  be  mentioned,  first,  a  silver  probe,  which  should  be  from  eight  to  ten 
inches  long  and  should  be  furnished  with  a  handle  that  is  roughened  on  one 
side,  so  that  it  can  be  manipulated  with  ease,  and  so  that  the  operator  may 
always  be  able  to  tell  in  which  direction  the  end  is  pointing.  It  should  be  made 
of  pure  silver,  in  order  to  render  it  flexible  throughout.  The  rectal  scoop  is 
another  very  useful  instrument,  and  may  be  made  of  steel  or  of  copper.  Appli- 
cators and  dressing  forceps  are  also  required;  they  should  be  long  enough  to 
extend  beyond  the  proctoscope  and  thus  enable  the  surgeon  to  clear  the  field  of 
observation,  or  to  make  applications  to  the  affected  parts.  The  handles  should 
be  bent  downward,  so  that  they  shall  not  obscure  the  view.  There  should  also 
be  a  long  pair  of  alligator  forceps  (Fig.  307),  for  seizing  and  removing  foreign 
bodies,  polypi,  and  villous  growths;  and  tenacula,  fixation  forceps,  and  blunt 
hooks  for  examining  the  crypts,  pockets,  and  internal  blind  fistula^.  Bougies, 
which  are  now  useful  only  in  dilating  strictures,  should  be  made  of  soft  rubber 
(as  first  suggested  by  Dr.  Wales,  in  1883),  conical  or  cylindrical  in  shape,  and 
provided  with  a  narrow  canal  through  the  centre  of  the  instrument  for 
injecting  water  through  it,   in  order  to   facilitate  their  introduction.     These 


SURGICAL   DISEASES   OF   THE   ANUS  AXD   RECTUM.  771 

bougies  are  made  in  sizes  vaning  from  one  to  twelve,  and  are  ordinarily 
tweh'e  inches  long.  The  rectal  bougie  a  boule  is  a  very  u.sefiil  in.strument  for 
determining  the  length  or  extent  of  a  strictuiv:  it  is  made  of  hard  rubber,  or 
flexible  w'uv.  with  tips  of  different  sizes.  It  is  best  used  through  a  cylindrical 
speculum. 

The  Use  of  AncBsihetics  in  Rectal  Examinations  and  in  Operations  upon  the 
Anus  and  Rectum. — In  rectal  examinations  an  anaesthetic  is  required  only  in 
hypererethistic  patients  who  are  afflicted  with  some  disease  of  a  very  painful 
character:  and,  even  under  these  conditions,  sufficient  information  may.  in 
the  majority  of  instances,  be  gained  from  the  symptoms  or  from  a  partial  ex- 
amination made  for  the  purpose  of  detennining  whether  or  not  an  operation 
will  be  necessary  without  it.  Then,  if  it  should  be  found  necessar}'  to  operate, 
the  more  thorough  examination  could  be  deferred  until  the  patient  is  under  the 
anaesthetic,  at  the  time  of  the  actual  operation. 

In  some  cases  local  examination  fails  to  detemime  the  nature  and  cause  of 
the  rectal  cUsease.  The  pathological  condition  may  l^e  located  above  the  point 
reached  bv  the  examination,  or  the  manifestations  mav  be  so  obscure  that  it  is 


Fig.  307. — Long  Pair  of  Alligator  Forceps. 

impossible  to  detemiine  their  exact  pathology.  In  the  case  of  an  obscure  neo- 
plasm, one  should  always,  whenever  it  is  possible  to  do  so.  remove  a  specimen 
for  microscopic  examination. 

In  operations  upon  the  anus  and  rectum  the  emplo^-ment  of  an  anaesthetic 
is  very  necessary,  on  account  of  the  great  sensitiveness  of  the  anus  and  the 
adjoining  tissues,  due  to  the  liberal  neiwe-supply  of  these  parts.  As  has  already 
been  stated,  it  ^'ill  even  be  found  necessary,  when  the  anal  orifice  is  unusually 
irritable,  to  achiiinister  an  anaesthetic  in  order  to  be  able  to  make  a  satisfactory 
examination. 

The  choice  of  an  aniesthetic  for  these  cases  admits  of  great  latitude,  on 
account  of  the  wide  range  between- the  minor  and  major  anal  and  rectal  con- 
ditions which  call  for  operative  interference.  Cocaine  and  other  local  anaesthetic 
agents,  when  applied  directly  to  the  mucous  membrane  of  the  rectum,  not  only 
exert  little  effect,  but  they  produce  in  many  cases  alamiing  s}iiiptoms.  They 
should  therefore  never  be  used  in  this  manner.  On  the  other  hand,  when  they 
are  administered  hypodemiatically,  the  results  obtained  are  very  satisfactory. 
By  the  persistent  efforts  of  certain  specialists  in  proctological  work  within  the 
last  few  years,  the  great  efficiency  of  local  ana?sthetics,  when  thus  employed, 
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has  been  demonstrated.  Even  in  cases  where  the  operator  is  obhged  to  remove 
a  considerable  amount  of  tissue,  it  has  been  found  that.  b>-  injecting  the  agent 
in  close  proximity  to  the  course  of  the  nerves  supjjlying  these  jmrts.  the  requisite 
degree  of  anaesthesia  is  obtainable. 

The  local  anaesthetics  best  adapted  for  this  class  of  cases  are  weak  solutions 
of  cocainC;  of  stovaine,  or  of  beta  eucaine  lactate,  with  the  preference  decidedly 
in  favor  of  a  solution  of  cocaine  in  the  strength  of  from  one-quarter  to  one-half 
of  one  per  cent.  Sterile  water  injections  for  purposes  of  local  anaesthesia  have 
also  been  highly  recommended  by  Dr.  Gant,  in  whose  hands  they  seem  to  have 


Fig.  308. — Entire  Absence  of  the  Anus. 


proved  veiy  satisfactory.     Most  authorities  object  to  them  on  account  of  the 
pain  which  attends  their  administration. 

Techniciue  of  a  Single-Puncture  Injection  for  Local  Anaesthesia. — The  tech- 
nique required  in  cases  in  which  simply  a  moderate  dilatation  of  the  sphincter 
is  desired  is  as  follows: — A  hypodermic  needle  of  about  two  inches  in  length  is 
employed,  and  the  syringe  is  filled  with  a  sterile  solution  of  the  drug  to  be 
used  of  the  strength  of  one-half  of  one  per  cent.  We  prefer  the  cocaine 
freshly  made,  because  it  is  always  reliable.  The  needle  is  introduced  in  the 
median  line  about  half  an  inch  back  of  the  posterior  commissure  of  the  anus 
and  a  drop  or  two  of  the  solution  is  injected  into  the  subcutaneous  tissues, 
after  which  the  right  index  finger  is  introduced  into  the  rectum  and  hooked 
around  the  internal  sphincter,  thus  dragging  it  down  into  ai)position  with  the 
external.  The  needle  is  then  pushed  upward  and  forward  into  the  sphincters 
one  after  the  other,  depositing  about  5  minims  of  the  solution  in  each  muscle 
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at  a  point  about  half  an  inch  in  front  of  the  posterior  coniniissure.  Afterward 
it  is  easily  withdrawn  sufficiently  to  introduce  it  in  like  manner  into  the  muscle 
on  the  opposite  side  of  the  posterior  commissure.  The  total  quantity  of  solu- 
tion used  amounts  to  from  20  to  oO  minims.  Two  or  three  minutes  having 
elapsed,  a  duck-bill  speculum  is  introduced  into  the  anterior  commissure  of 
the  rectum,  and,  with  this  as  a  point  of  resistance,  the  sphincters  are  gently 
massaged  and  stretched  to  any  desirable  extent. 

AVe  do  not  claim  that,  by  the  emplojniient  of  this  method,  the  sphincters  can 
be  divulsed  or  the  peri-rectal  tissues  broken  down  without  pain,  but  we  do  claim 
that  with  its  aid  the  sphincters  can  be  stretched  sufficiently  for  all  ordinary 
practical  work.  Up  to  the  present  time  (1909)  over  one  hundred  cases  have 
been  thus  treated  by  our  associate,  Dr 
Lynch,  and  ourselves,  with  practically 
no  failures,  and  the  method  has  been 
demonstrated  to  a  large  number  of  visit- 
ing doctors,  during  the  past  six  months, 
at  the  Polyclinic  Hospital.  The  points 
for  which  we  claim  originality  are  the 
single  puncture  (which  thus  minimizes 
the  dangers  of  infection)  and  the  local- 
ization of  the  anaesthetizing  agent  within 
the  area  occupied  by  the  sensitive  nerves 
of  the  sphincter.  After  the  sphincter 
has  been  stretched,  the  hemorrhoids  or 
the  ulcers — whichever  may  be  the  lesions 
that  recjuire  treatment — should  be  an- 
aesthetized with  a  mild  solution  (say. 
from  J  to  Jg-  of  one  per  cent)  of  the 
drug  pre\'iously  employed,  as  the  an- 
aesthesia produced  by  the  first  injection 
does  not  extend  to  the  cutaneous  margin 

of  the  anus  anteriorly.  In  the  case  of  a  fissure  no  second  puncture  is  necessary, 
as  the  first  usually  suffices,  pro\-ided  the  injection  was  made  in  the  commissure, 
where  the  fissure  exists. 

The  class  of  cases  to  which  this  method  of  producing  anaesthesia  is  applicable 
includes  those  very  sensitive  and  painful  conditions  in  Avhich  a  satisfactory 
examination  cannot  be  made  without  a  resort  to  some  form  of  ana'sthetizing 
agency,  dilatation  of  the  sphincter,  incision  and  dissecting  out  of  fissures,  open- 
ing up  fistulous  tracts,  removal  of  polypi,  removal  of  hemorrhoids  by  almost 
any  method  except  Whitehead's — in  fact,  all  minor  operations  upon  the  anus 
and  rectum. 

In  the  case  of  many  of  these  operations  it  is  very  questionable  whether  it  is 
proper  or  advisable  to  do  them,  with  the  aid  of  a  local  anaesthetic,  in  one's  office, 
unless  the  patient  is  allowed  to  recline,  for  one  or  two  hours  after  the  operation, 
before  being  allowed  to  leave. 


Fig.  309. — The  Drawing  Represents  a  Case  in 
which  the  Anus  is  Occluded  bv  a  Membrane. 
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A  well-grounded  objection  to  the  use  of  local  amrsthesia  in  many  of  these 
operations,  is  based  on  the  fact  that  the  distention  of  the  tissues  by  the  injection 
— which  distention  is  necessary  if  complete  anipsthesia  is  to  be  obtained — so 
distorts  the  parts  which  are  to  be  removed  as  well  as  the  tissues  that  are  to 
remain,  that  not  infrequently  an  insufficient  amount  is  taken  away,  with  the 
result  that  a  second  operation  often  becomes  necessary. 

In  the  use  of  general  anaesthetics  in  rectal  surgery  the  selection  of  the  anes- 
thetic to  be  used  depends  upon  the  length  of  time  required  for  the  operation  and 
also  upon  the  patient's  condition.  For  operations  requiring  only  a  short  time 
for  their  performance, — such,  for  example,  as  dilating  the  sphincter,  excising 
a  fissure,  or  opening  up  a  small  fistulous  tract, — ethyl  chloride,  or  nitrous  oxide 
gas  with  oxygen,  may  be  used.  For  operations  requiring  a  longer  period  of 
time,  sulphuric  ether  or  chloroform  may  be  used. 


III.   MALFORMATIONS  OF  THE  ANUS  AND  RECTUM. 

It  was  pointed  out  in  the  section  on  embryology  that  the  anus  and  rectum 
are  developed  from  entirely  different  layers  of  the  blastoderm,  and  that  the 
blood-supply  comes  from  different  sources.  Arrest  in  the  development  of  one, 
therefore,  does  not  necessarily  imply  arrest  in  the  development  of  the  other. 
Malformations  of  either  the  anus  or  the  rectum  are  very  likely  to  be  associated 
with  malformations  in  other  parts  of  the  body  which  are  derived  from  the  same 
layer  of  the  blastoderm.  The  classification  which  we  will  here  make  of  these 
malformations  will  be  based  upon  the  differences  in  the  origin  of  the  anus  and 
rectum.  With  the  aid  of  this  division  we  shall  be  able  to  follow  out  clearly  the 
malformations  which  are  due  to  the  arrest  of  development  in  the  different  layers 
of  the  blastoderm . 

Malformations  of  the  Anus. 

(a)  Entire  absence  of  the  anus.     (Fig.  308.) 

(5)  Abnormal  narrowing  of  the  anus. 

(c)  Partial  occlusion  of  the  anus.     (Fig.  309  shows  how  this  may  occur.) 
{d)  Absolute  occlusion  of  the  anus. 

(e)  Anal  opening  at  some  abnormal  point  in  the  perineal,  scrotal,  or  sacral 
region.     (Fig.  310.) 

Malformations  of  the  Rectum. 

(a)  Rectum  entirely  absent.     (Fig.  311.) 

(6)  Rectum  arrested  in  its  descent,  at  a  point  more  or  less  removed  from  the 
anus,  the  anus  being  normal.     (Figs.  312,  313,  314,  and  319.) 

(c)  Rectum  opening  into  some  other  viscus,  with  the  anus  present  in  its 
normal  position,  or  absent.     (Figs.  315  and  321.) 

{d)  Rectum  and  anus  normal,  except  that  the  ureter,  bladder,  vagina, 
urethra,  or  uterus  opens  into  it.     (Figs.  317  and  318.) 
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Treatment.— Whore  there  is  complete  atresia,  whatever  is  necessary  must 
be  done  at  once,  to  afford  the  child  any  chance  for  life.  On  the  other  hand,  in 
those  cases  in  which  there  is  an  exit  for  the  meconium  and  fluid  feces  a  more 
conservative  course  may  l)e  adopted  until  the  child  has  grown  older  and  stronger 
and  is  better  able  to  stand  an  operation.  In  such  cases  the  opening,  if  small 
and  within  reach,  may  be  dilated.  The  prune  object,  in  all  operations  for 
malformations  of  th(>  anus  and  rectum,  is  to  give  an  exit  to  the  intestinal  con- 
tents, and  to  restore  the  parts  as  nearly  as  possibl(>  to  their  normal  functional 
activities.  Amussat,  in  1835,  was  the  first  to  lay  down  the  cardinal  principles 
which  have  since  guided  surgeons  in  their  attempts  to  correct  these  malforma- 
tions. He  advised  the  free  and  wide  dissection  of  the  perineum,  with  removal 
of  the  coccyx,  if  necessary,  in  order  to  gain  more  room  for  reaching  the  rectum. 


Fig.  310. — In  the  Case  Represented  in  the  Drawing  the  Anus  Opened  at  the  Tip  of  the  Coccyx. 

He  also  advised  opening  the  peritoneum,  when  necessary,  through  this  route. 
When  the  rectum  was  found,  he  advised  that  it  be  dissected  loose  from  its 
attachments,  brought  down  outside  the  wound,  opened,  and,  after  the  contents 
had  been  discharged,  attached  (without  too  much  tension)  to  the  skin  margin 
of  the  wound  at  its  normal  position,  if  possible.  But,  if  it  was  found  impractica- 
ble to  bring  it  dow^n  to  the  normal  position,  then  he  advised  attaching  it  to  the 
sides  of  the  space  left  by  the  resection  of  the  coccyx.  From  Amussat's  day  to 
the  present  time  all  methods  of  operating  upon  an  imperforate  anus  and  upon 
malformations  of  the  rectum  have  been  based  upon  his  recommendations.  We 
shall  consider  the  treatment  of  these  malformations  in  the  light  of  the  present 
advances  in  surgery,  in  a  general  way,  and  shall  point  out  their  application  to 
each  particular  form  of  malformation. 
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In  the  first  place,  let  us  consider  the  treatment  of  those  forms  of  malforma- 
tion in  which  there  is  complete  occlusion.  In  such  cases  it  is  necessary  that 
immediate  and  radical  operative  interference  should  be  undertaken.  The 
operation  should  be  done  under  strict  antiseptic  precautions,  and  without  the 
aid  of  a  general  anaesthetic,  as  children  at  this  age  do  not  bear  it  well. 

The  location  of  the  rectum  is  sometimes  indicated  by  a  greenish  tinge  of 
the  skin  of  the  perineum  covering  the  rectum,  due  to  the  green  color  of  the 
meconium;  there  may  be  also  a  bulging  of  the  perineum  beneath  the  rectal 
pouch.  With  one  hand  on  the  perineum,  while  with  the  other  pressure  is  made 
upon  the  abdomen,  one  may  sometimes  feel  an  impulse  from  the  rectal  pouch 
when  the  child  is  made  to  cry.     Percussion  may  also  indicate  the  location  of 


Fig.  311. — Complete  Absence  of  the  Rectum,  the  Colon  Ending  in  a  Large  Dilatation  of  the  Bowel  at 

the  Location  of  the  Sigmoid. 

the  pouch.  The  introduction  of  a  trocar  or  exploring  needle  into  the  perineum 
and  backward  into  the  hollow  of  the  sacrum  is,  in  the  light  of  our  present  knowl- 
edge of  surgery,  too  rash  and  inaccurate  a  procedure  to  be  recommended. 
After  the  position  of  the  rectal  pouch  has  been  determined  as  far  as  possible, 
the  operation  may  be  undertaken  at  once  on  the  lines  laid  down  by  Amussat, 
viz.,  by  making  a  straight  incision  from  the  spot  where  the  anterior  margin  of 
the  anus  should  be,  backward  to  the  tip  of  the  coccyx.  This  incision  should 
extend  through  the  skin  and  subcutaneous  tissue.  If  there  should  be  a  rudi- 
mentary anus,  the  incision  should  begin  at  its  posterior  margin.  At  the  bottom 
of  this  incision  we  come  upon  the  external  sphincter  muscle,  or  upon  the  fibrous 
band  which  takes  the  place  of  this  muscle  when  it  is  lacking.     This  muscle  or 
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the  fibrous  band  should  be  divided  1)>-  a  bhmt,  and  not  by  a  sharp  instrument, 
and  the  niaro-ins  of  the  eut  should  be  pulled  gently  apart.  The  dissection 
should  then  \)v  continued  uinvard  and  backward  in  the  hollow  of  the  sacrum, 
in  order  to  avoid  woimding  the  bladder  and  other  pelvic  organs.  "\Mien  the 
rectum  is  found  it  should  be  loostnied  from  its  attachments  and  brought  out 
through  the  wound,  if  possible,  before  being  opened.  AVhen  it  is  impossible  to 
do  this,  on  account  of  the  great  distention  of  the  organ,  the  trocar  may  be 
introduced,  and  the  contents  drawn  off  through  its  cannula.  By  this  means 
the  rectum  will  be  lengthened  and  may  then  be  drawn  out  through  the  wound. 
In  either  case,  before  the  rectum  is  opened,  the  wound  should  be  well  packed 
with  sterile  gauze,  which  ^^■ill  isolate  it  from  its  surroundings.  After  the  con- 
tents of  the  rectal  pouch  have  been  well  drained  off,  the  opening  may  then  be 
enlarged  and  the  mucous  membrane  of  the 
same  stitched  to  the  skin  surface  of  the 
wound,  the  serous  and  muscular  coats  be- 
ing allowed  to  retract.  The  object  of  this 
step  is  to  seal  off  the  perineal  wound  from 
contact  with  the  fecal  discharges.  If  it  be 
found  impossible  to  draw  the  rectal  pouch 
out  through  the  wound  at  the  point  where 
the  anus  should  normally  be,  then  it  may 
be  attached  at  some  other  point  of  the 
wound,  wherever  it  can  be  brought  out 
without  too  much  tension.  The  recom- 
mendation of  Mncent  should  here  be  borne 
in  mind,  viz.,  to  cut  off  two  elliptical  flaps 
of  skin,  one  from  each  side  of  the  site  of  at- 
tachment, in  order  to  give  a  broader  raw 
surface  of  attachment  and  at  the  same 
time  to  carry  away  more  effectually  the 
discharges  from  the  intestine.  When  the 
latter  has  been  brought  down  and  sewed  in  the  normal  position  of  the  anus, 
the  posterior  part  of  the  perineal  wound  may  be  closed  with  deeply  placed  silk 
or  chromicized  catgut  sutures,  care  being  taken  to  draw  together  at  this  point 
the  fibres  of  the  external  sphincter  muscle. 

The  sutures  best  adapted  for  attaching  the  intestine  to  the  margin  of  the 
skin  are  those  of  sterilized  catgut,  of  a  fairly  large  size.  There  should  be  a 
continuous  suture  for  each  side  of  the  rectum,  but  it  should  not  extend  entireh' 
around,  as  that  would  not  allow  the  opening  to  dilate  sufficiently.  If  there  is 
much  tension  on  the  rectal  pouch,  an  anchor  suture  should  be  passed  through 
the  external  walls  of  the  intestine,  or  the  mesorectum,  and  out  through  the 
skin,  where  it  should  be  tied  over  a  wad  of  gauze.  The  dressing  should  consist 
of  soft  absorbent  gauze,  moistened  with  a  solution  of  boric  acid  and  held  in 
place  by  a  napkin.  The  abdomen  should  be  enclosed  in  a  snugly  fitting  bandage, 
to  control  strainino-. 


Fig.  312.  —  In  the  Case  here  Repre- 
sented the  Rectum  did  not  quite  Reach 
the  Anus. 
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The  above  recommendations  arc  applicable  to  all  forms  of  imperforate  ani. 

Treatment  Required  for  Cases  in  which  the  Rectum  is  Arrested  High  up  in  the 
Pelvis. — To  appreciate  the  difficulties  which  one  encounters  in  searching  for 
the  rectal  pouch,  it  is  necessary  to  know  the  measurements  at  the  outlet  of  the 
normal  infantile  pelvis.  The  distance  from  one  tuber  ischii  to  the  other  varies 
from  0.5  to  2  centimetres,  and  does  not  differ  materially  in  the  sexes. 
In  males  the  distance  from  the  scrotum  to  the  coccyx  averages  from  4  to 
4.5  centimetres,  and  in  girls  the  distance  from  the  posterior  commissure 
of  the  vagina  to  the  coccyx  varies  from  3  to  4  centimetres.  These  measure- 
ments show  that  the  field  for  operation  is  embraced  within  boundaries  which 
give  it  an  elliptical  shape,  with  a  maximum  length  of  4  centimetres  and  a 
maximum  breadth  of  2  centimetres.     The  depth  of  the  pelvis  from  the  tip  of 


Fig.  313. — Illustrates  a  Case  in  which  the  Rectum  Failed  to  Meet  the  Anal  Pouch  Descending 

Posteriorly  to  It. 


the  coccyx  to  the  promontory  of  the  sacrum  is  about  6  centimetres.  It  should 
be  remembered  that  these  are  normal  measurements,  and  that  in  the  abnormal 
cases  it  will  often  be  found  that  the  measurements  are  less  than  those  here  given. 
The  locality  in  which  the  operator  is  likely  to  gain  the  most  space  is  in  the 
hollow  of  the  sacrum,  and  here  the  entrance  to  the  pelvis  is  interfered  with 
by  the  coccyx.  Hence  Amussat's  recommendation  to  remove  this  bone. 
Amussat's  operation,  while  simple,  is  open  to  certain  objections,  such  as  taking 
away  the  points  of  attachment  of  the  anal  and  rectal  muscles, — a  step  which 
removes  the  normal  support  of  the  lower  end  of  the  rectum  and  invites  prolapse. 
A  more  conservative  plan  is  that  recommended  by  Vincent,  who  takes  advantage 
of  the  soft  condition  of  the  coccygeal  and  sacral  vertebrae  at  this  early  period, 
and  splits  the  coccyx  and  the  lower  part  of  the  sacrum  through  their  centre  with 
scissors.  This  affords  ample  room  and  a  good  view  when  the  wound  is  held 
open  by  retractors. 

If,  in  these  cases,  the  rectal  pouch  is  so  short  that  it  has  to  be  attached  at 
the  coccygeal  end  of  the  wound,  the  operator  must  be  careful  to  carry  out  his 
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dissection  in  such  a  manner  that  the  rectum  shall  not  remain  attached  to  the 
cartilaginous  sections  of  the  sacrum  and  coccyx — that  is,  to  parts  which  are 
eventually  to  become  an  osseous  outlet.  The  succeeding  steps  of  the  operation 
should  be  as  heretofore  described.  It  would  be  well,  when  searching  for  the 
rectal  pouch,  to  introduce  a  sound  in  the  male  l)la(lder, — or  in  the  vagina,  in 
the  case  of  a  female, — in  order  to  avoid  wounding  these  organs.  The  fibrous 
band  which  sometimes  leads  from  the  imperforate  anus  to  the  rectal  pouch, 
should  always  be  watched  for  and  followed  up  closely,  when  found,  as  a  certain 
guide  to  the  rectal  pouch.  If  the  pouch  is  not  found  in  the  hollow  of  the  sacrum, 
the  search  will  have  to  be  directed  forward  and  upward  in  the  peritoneal  cavity. 
It  is  sometimes  attached  to  the  promontory  of  the  sacrum,  or  to  its  sides  high 


Fig.   314. 


-Illustrates  a  Case  in  which  the  Lower  Rectum  is  Replaced  by  a  Fibrous  Cord  which  Connects 
It  with  the  Anal  Pouch. 


up,  in  which  case  the  rectal  pouch  is  likely  to  be  entirely  enveloped  by  the 
peritoneal  fold  which  attaches  it  to  the  sacrum,  and  the  enucleation  of  the 
pouch  has  to  be  done  before  it  can  be  freed  and  brought  down.'  This  is  a  difficult 
procedure,  and  the  author  questions  whether  it  would  not  be  wiser,  when  such 
a  condition  is  recognized,  either  to  do  an  inguinal  colotomy  or  to  bring  down  a 
loop  of  the  sigmoid  and  attach  it  to  the  perineal  wound.  In  all  cases  where 
the  peritoneal  cavity  has  been  opened,  it  must  be  closed,  or  packed  with  sterile 
gauze,  before  the  rectal  pouch  is  opened.  If  the  rectal  pouch  is  too  short  to  be 
brought  outside  of  the  peritoneal  cavity,  then  this  cavity  should  be  closed,  the 
perineal  wound  packed  off,  and  inguinal  colotomy  done  at  once.  (The  rectal 
pouch  may  descend  at  a  later  date,  when  the  perineal  wound  may  be  utilized.) 
Treatment  of  the  Anal  Cul-de-sac. — We  come  now  to  consider  the  manage- 
ment of  those  cases  in  which  the  anus  is  fully  developed  and  the  rectum  is  removed 
to  a  greater  or  less  distance,  as  illustrated  in  Fig.  313.  The  conditions  present 
in  these  cases  have  already  been  described. 
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End-to-end  union  between  the  anal  cul-de-sac  and  the  rectal  jjoiich  is  a  very 
difficult  thing  to  accomplish  even  under  the  most  favorable  conditions,  and  the 
results  are  very  uncertain.  In  accordance  with  recent  experience  the  best  plan 
to  adopt  is  to  dissect  away  entirely  the  lining  membrane  of  the  anal  cul-de-sac, 
including  the  skin  around  the  anal  margin,  and  then,  after  bringing  the  rectal 
pouch  down  to  the  margin  of  the  skin,  to  open  it  and  to  suture  its  mucous 
membrane  to  the  adjacent  skin.  This  may  be  done  without  much  dissection 
provided  the  rectal  pouch  is  in  close  proximity  to  the  anal  cul-de-sac. 

Colostomy  in  Cases  of  Imperforate  Anus. — Besides  those  cases  in  which  colos- 
tomy is  imperative  on  account  of  the  impossibility  of  attaching  the  rectal  pouch 
to  the  perineal  wound,  some  surgeons  recommend  it,  as  a  preliminary  proceeding 
to  the  perineal  operation,  in  all  cases  where  the  rectal  pouch  cannot  be  definitely 


Fig.   315. — Represents  a  Case  in  which  the  Anus  Opens  into  the  Vagina,   the  Rectum  Descending 

Posteriorly  to  It. 

located  through  the  anal  cul-de-sac  or  the  perineum.  The  advantages,  they 
claim,  are  that  the  results  are  more  certain  than  those  of  a  proctoplasty,  that 
the  operation  is  less  fatal,  and  that  it  does  not  interfere  with  the  establishment 
of  the  anus  at  its  normal  site  when  the  child  is  older  and  better  able  to  stand  a 
serious  operation.  The  opening  established  by  the  colostomy  offers  an  oppor- 
tunity for  locating  the  rectal  pouch,  through  the  abdominal  wound,  and  then, 
if  it  be  found  to  lie  within  easy  reach  of  the  perineum,  the  abdominal  wound  can 
be  promptly  closed  and  the  perineal  operation  done  with  greater  certainty. 

If  the  rectal  pouch  cannot  be  located  through  the  abdominal  wound,  it 
should  be  remembered  that,  in  infants,  the  sigmoid  flexure  is  frequently  found 
on  the  right  side, 

Treatment  of  Abnormal  Narrowing  of  the  Anus. — In  abnormal  narrowing  of 
the  anus,  where  the  exit  for  the  fecal  matter  is  still  fairly  adequate,  simple 
dilatation  with  bougies  is  all  that  may  be  called  for  until  the  child  has  developed 
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sufficient  strength  to  stand  a  surgical  o)3eration.  When  the  obstruction  consists 
of  a  band  of  skin  stretched  across  the  anal  o])ening.  there  can  be  no  good  reason 
for  di'lay  in  dividing  it  with  the  scissors  and  dissecting  out  its  points  of  attach- 
ment.    The  anus  should  then  be  dilated. 

Treatment  of  Complete  Occlusion  of  the  Anus  by  a  Membrane  or  Diaphragm. — 
These  cases  are  among  the  simplest  malformations  of  the  rectum  to  treat.  A 
simple  crucial  incision  of  the  menilirane.  with  subsequent  dilatation,  is  all  that 
is  needed  in  most  cases.  Sometimes  there  is  more  than  one  membrane.  To 
ascertain  whether  such  is  the  case  or  not,  the  little  finger  should  be  introduced 
well  up  into  the  rectal  pouch,  after  the  incision  has  been  made. 

Treatment  of  Cases  in  u'hich  the  Rectum  opens  at  some  Abnormal  Position  on 


Fig.  .316. — Illustrates  a  Case  m  wliich  the  Rectum  Opens  at  the  Prepuce. 

the  Skin. — The  exit  in  these  cases  is  generally  sufficient  to  relieve  the  patient 
during  early  life,  and  there  need  be  no  immediate  hurry  to  interfere. 

If  the  abnomial  opening  is  not  too  far  removed  from  the  site  of  the  normal 
anus,  it  and  the  rectal  pouch  should  be  dissected  out  and  sutured  to  the  skin  at 
the  site  of  the  nonnal  anus.  AVhere  the  opening  is  too  far  removed  for  this 
procedure,  a  search  should  be  made  for  the  rectum  by  perineal  dissection,  and, 
if  found,  it  should  be  brought  down  and  sutured  at  the  site  of  the  normal  anus. 
After  this  has  been  done  successfully,  the  abnormal  opening  will  gradually  close. 
If  it  does  not,  it  may  be  dissected  out  and  closed  at  a  subsequent  date. 

^Tiere  the  abnormal  opening  is  at  the  prepuce,  glans  penis,  or  scrotmu,  the 
fistulous  tract  is  so  long  that  obstruction  is  likely  to  occur,  and  therefore  such  a 
case  should  be  operated  on  at  once.  The  opening  into  the  rectal  pouch,  at  the 
normal  site  of  the  anus,  should  be  estabhshed  as  soon  as  the  child's  condition 
will  pemiit.     In  all  cases  of  this  class  the  fistulous  tract  should  be  cut  off  close 
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to  its  entrance  into  the  rectal  pouch,  and  a  ligature  should  be  applied  to  its 
proximal  end.  This  end  should  then  be  invaginated  into  the  rectum  and  should 
be  retained  there  by  Lembert  sutures.  After  the  peripheral  end  has  been  cleansed, 
it  should  be  ligatured  and  left  to  atrophy.  Where  the  abnormal  opening  is  at 
some  remote  part  of  the  body,  it  is  of  course  improbable  that  the  rectal  pouch 
can  be  reached  through  the  perineum.  If  a  loop  of  the  sigmoid  or  of  the  colon 
can  be  brought  down  and  sutured  at  the  anal  site,  it  will  probably  serve  all 
necessary  purposes. 

Treatment  of  Cases  in  which  the  Rectum  opens  into  some  other  Viscus. — Where 
the  rectum  opens  into  the  bladder  (Fig.  321)  it  is  a  question  of  immediate  opera- 
tion ;  or  death  may  be  looked  for  in  a  short  time  from  infection.     From  a  rational 


Fig.   317. — Represents  a  Case  in  which  the  Rectum  Opens  into  the  Urethra. 

standpoint  there  are  open  to  us  two  methods  of  procedure,  both  of  which  involve 
abdominal  section.  The  author  believes  that  such  cases  should  be  operated 
upon,  at  the  earliest  opportunity,  by  a  full  and  free  incision  into  the  abdominal 
cavity.  We  are  thus  enabled  to  locate  the  opening  into  the  bladder,  and  this 
information  will  determine  w^hat  should  be  the  subsequent  steps  of  the  operation. 
Where  the  opening  into  the  bladder  is  situated  high  up  and  can  be  reached,  it 
is  perfectly  feasible  to  separate  the  two  organs  at  the  point  of  communication, 
to  invaginatethe  openings  into  each  other,  and  to  suture  them,  provided  there 
is  an  external  orifice  for  the  escape  of  fecal  matter.  If,  however,  there  is  an 
imperforate  anus,  this  condition  should  be  remedied  first,  either  by  proctoplasty 
or  by  colotomy.  Where  the  opening  into  the  bladder  is  situated  low  down,  in 
the  neighborhood  of  the  trigone  and  so  far  beyond  the  operator's  reach  that  he 
will  not  be  able  to  apply  sutures  with  any  degree  of  certainty,  it  is  better  to  make 
a  permanent  inguinal  anus  and  to  close  up  the  lower  end  of  the  colon  entirely.  Fi- 
nally, where  the  rectum  communicates  with  the  urethra,  the  need  for  interference 
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is  generally  not  so  urgent.  The  condition  is  more  favorable  for  operation,  owing 
to  the  fact  that  the  rectal  pouch,  in  these  cases,  is  always  located  lower  down 
and  nearer  the  pelvic  floor.  It  is  best  to  dissect  down  upon  the  rectal  i)ouch, 
disconnect  it  from  the  lu'cthra,  and  bring  the  orifice  through  which  its  contents 
are  discharged  into  the  urethra,  back  to  the  normal  ))osition  of  the  anus,  when 
it  can  be  enlarged  to  any  extent  necessary  and  sutured  to  the  margin  of  the  skin 
in  this  locality.  After  the  rectum  is  detached  from  its  connection  with  the 
urethra,  a  simple  perineal  fistula  is  left,  and  this  lesion  heals  of  its  own  accord. 

Treatment  where  the  Rectum  Opens  into  the  Vagina. — In  these  cases,  while 
the  abnormal  chann(^l  of  comnumication  may  be  free  enough  to  allow  the  exit 


Fig.  318. — Represents  a  Case  in  which  the  Rectal  Pouch  Opens  into  the  Vagina. 

may  or  maj'  not  be  present. 


Tlie  Anal  pouch 


of  meconium,  the  further  escape  of  the  material  may  be  prevented  by  an  im- 
perforate hjrmen.  This  condition  is  readily  diagnosed  by  the  presence  of  a 
bulging  greenish  membrane  between  the  lips  of  the  \ailva;  and  when  the  dis- 
covery is  made  the  hymen  should  be  incised  at  once.  If  the  opening  between 
the  rectum  and  the  vagina  is  not  sufficiently  free,  it  should  be  dilated  by  bougies 
or  by  a  uterine  dilator,  or,  if  necessary,  it  should  be  incised.  Interference  should 
depend  upon  the  condition  of  the  child,  all  radical  procedures  being  postponed 
until,  by  reason  of  its  increased  age  and  greater  strength,  a  favorable  prognosis 
is  warranted.  Fig.  320  shows  the  improper  method  of  operating  in  these  con- 
ditions. 

At  what  age  should  the  operation  for  a  vaginal  anus  be  undertaken?     In 
the  author's  experience  children  at  the  age  of  from  three  to  five  years  bear 
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surgical  operations  very  well.  According  to  Rizzoli,*  whose  method  is  generally 
accepted,  the  course  to  be  pursued  for  the  closure  of  such  a  vaginal  anus  is  as 
follows : — An  incision  is  made  from  the  posterior  margin  of  the  vagina  backward 
to  the  point  at  which  the  normal  anus  should  be;  the  perineal  tissues  are  next 
carefully  dissected  until  the  rectal  pouch  is  reached;  this  pouch  is  then  carefully 
loosened  from  its  attachments  all  around ;  and  the  vaginal  anus  is  dissected  out 
intact  and  dragged  down  to  the  position  of  the  normal  anus,  where  it  is  per- 
manently anchored  by  means  of  sutures.  The  perineal  tissues  in  front  of  the 
intestine  are  then  brought  together  by  buried  catgut  or  deep  silver-wire  sutures, 
and  the  mucous  membrane  of  the  vagina  is  carefully  sutured,  thus  restoring 
completely  the  recto- vaginal  septum  and  closing  all  communication  between  the 


Fig.  319.- 


-Represents  a  Case  in  which  the  Rectal  and  Anal  Pouches  are  Separated  by  the  Peritoneal 

Cul-de-Sac. 


two  organs.  By  this  procedure  the  natural  opening  in  the  intestine  is  perfectly 
preserved,  with  all  of  its  sphincteric  power,  and  the  danger  from  non-union  or 
from  retraction  of  the  parts  is  practically  obviated.  It  has  also  the  great  ad- 
vantage of  restoring  the  perineum  and  recto-vaginal  septum,  a  matter  of  the 
utmost  importance  to  the  woman.  If  there  should  be  two  openings  into  the 
vagina,  far  apart,  it  is  better  to  dissect  out  and  use  the  one  nearest  the  normal 
anal  opening,  as  above  described.  Then  dissect  out  and  close  the  one  farthest 
away. 

Treatment  ivhere  the  Rectum  Communicates  with  the  Uterus. — These  cases  are 
so  rare  that  no  operation  to  correct  them  has  ever  been  reported.  It  would 
seem,  however,  that  the  proper  proceeding  in  such  cases  w^ould  be  to  establish 

*  Gross'  "System  of  Surgery,"  vol.  ii.,  p.  205,  sixth  edition. 
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an  aims  at  tlu^  nonnal  site,  if  i)()ssil)l(',  and  to  follow  this  by  a  laparotomy,  by 
division  of  t\\v  canal  connecting  the  two  organs,  and  by  inversion  and  suturing 
of  the  apertures  in  each,  after  the  manner  ad\'ised  in  those  cases  in  which  the 
rectum  comnumicates  with  the  bladder. 

Treatment  where  the  Rectum  and  Anus,  althouijh  Normal  in  other  Respects, 
are  Rendered  Abnormal  hij  the  Circumstance  th(tt  the  Uretei's,  the  Uterus,  or  the 
Vagina  opens  into  them. — In  those  cases  in  which  the  ur(>ters  have  been  found 
to  terminate  in  the  rectum,  the  bladder  was  found  to  be  absent;  in  which  in- 
stance, of  course,  an  operation  could  not 
be  thought  of.  In  those  cases  in  which 
the  uterus  or  the  vagina  opens  into  the 
rectum,  the  same  course  may  be  pur- 
sued as  in  the  converse  conditions  al- 
ready described. 


1\.  CONSTIPATION. 

Constipation  is  a  relative  expression, 
inasmuch  as  what  seems  to  be  a  per- 
fectly normal  condition  in  one  person, 
— such  as  having  one  stool  every  second 
or  third  day, — would  be  quite  abnormal 
for  another,  who  is  in  the  habit  of  hav- 
ing one  stool  in  twenty-four  hours,  and 
feels  very  much  upset  in  his  general  con- 
dition if  these  daily  evacuations  are  in- 
terrupted. 

Constipation  is  a  very  common  com- 
plaint, one  to  which  all  classes  and  con- 
ditions of  men,  women,  and  children  are 
liable,  and  which  is  the  cause,  as  well  as 
a  symptom,  of  many  anal  and  rectal 
pathological  conditions;   and  we  are  just 

beginning  to  recognize  the  fact  that  various  and  serious  affections  may  result 
from  a  prolonged  retention  of  fecal  matter  in  the  bowel. 

Constipation  may  be  defined  as  an  abnormal  retention,  and  an  insufficient 
discharge,  of  the  waste  and  undigested  products  of  our  food,  together  with  the 
excretory  products  of  the  intestinal  tract,  notwithstanding  the  fact  that  a 
sufficient  quantity  of  food  has  been  taken  and  properly  digested. 

For  all  practical  purposes  constipation  may  be  divided  into  two  varieties — 
acute  and  chronic. 

Acute  Constipation. — The  causes  leading  to  the  production  of  the  acute 
variety  of  constipation  are  classified  by  Dr.  H.  Illoway  as  follows: — (1)  Direct 
obstruction  of  the  lumen  of  the  intestinal  tube;    (2)  the  pathological  changes 
VOL.  vn. — 50 


Fig.  32U. — The  Drawing  Shows  the  Old  and 
Unsatisfactory'  Metliod  of  Treating  Atresia 
Ani  Vaginalis. 
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in  one  or  more  of  the  tissues  of  the  intestinal  tract,  iini)airing  their  capacity  for 
the  normal  performance  of  their  physiological  function;  (3)  direct  inhibition 
of  peristaltic  function  through  the  nerve  centres;  (4)  absence  of,  or  impairment 
of,  the  quality  of  the  bile;  (5)  inhibition  of  the  aid  afforded  by  the  diaphragm 
and  abdominal  muscles;  (6)  reflex  influences;  and  (7)  a  combination  of  the 
various  ways  already  enumerated. 

In  addition  to  the  above-named  causes  of  acute  constipation  there  are 
circumstances  or  conditions  that  may  aggravate  or  increase  the  predisposition 
to  it.  Such  are,  for  example,  a  diet  that  is  too  concentrated  or  too  refined,  an 
insufficient  amount  of  fluid,  want  of  exercise,  and  frequently  antagonistic 
medication. 

The  rational  treatment  of  acute  constipation  consists  in  the  removal  of  the 


Fig.  321. — Illustrates  a  Case  in  which  the  Rectum  Opens  into  the  Bladder. 

cause  as  well  as  in  the  treatment  of  the  symptoms.  The  cause  may  be  remote, 
but  it  must  be  sought  out.  Thus,  for  instance,  where  the  constipation  is  due 
to  an  intussusception  or  a  volvulus  the  obstruction  must  be  overcome  before 
the  constipation  can  be  relieved ;  or,  where  it  is  brought  about  by  the  presence 
of  false  bands  or  by  strangulation  of  some  orifice,  as  in  strangulated  hernia, 
manifestly  these  obstructions  must  be  relieved  by  surgical  means  before  the 
acute  constipation  can  be  overcome. 

In  those  cases  where  the  obstruction  and  acute  constipation  are  brought 
about  by  foreign  bodies,  whether  formed  within  or  introduced  from  without, 
they  must  be  gotten  rid  of  before  the  acute  constipation  can  be  relieved. 

Chronic  Constipation. — Although  the  causes  of  chronic  constipation  vary 
greatly  in  their  nature,  they  may,  as  suggested  by  Dr.  Illoway  (Chap.  VII.,  p.  56), 
be  studied  to  advantage  under  the  following  heads,  the  arrangement  of  which 
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wc  have  slightly  niodifiod: — (a)  Constipation  ])rodiK'('(l  by  well-defined  morbid 
processes;  (b)  constipation  caused  by  congenital  malformation  of  a  section 
of  the  large  intestine,  by  a  defective  development  of  the  intestinal  tract  as  a 
whole,  or  by  a  dislocation  of  any  part  of  this  tract;  (c)  constipation  caused  by 
abstention  from  defecation  on  account  of  the  pain  accomi)anying  the  act ;  and 
(r/)  constipation  due  simply  to  impairment  of  the  physiological  function  of 
defecation. 

(a)  Constipation  Produced  by  some  Well-defined  Morbid  Process. — As 
familiar  examples  of  such  well-defined  disease  we  may  refer  to  the  presence,  in 
the  wall  of  the  intestine,  of  a  cancerous  growth  or  of  a  mass  of  cicatricial  tissue 
left  by  the  healing  of  an  ulcer:  to  the  existence  of  an  alxlominal  or  })e]vic  tumor, 
or  a  retroverted  uterus,  in  all  of  which  conditions  sufficient  pressure  may  be 
exerted  upon  the  bowel  to  obstruct  the  progress  of  fecal  matter;  and,  finally, 
to  hypertrophic  thickening  of  Houston's  valves.  The  latter  condition  un- 
doubtedly is  capable,  in  some  cases,  of  producing  obstipation,  but  we  do  not 
]3elieve  that  such  cases  are  as  common  as  Dr.  T.  C.  Martin  would  have  us  believe.* 

(b)  Constipation  Caused  by  Congenital  Defects  of  one  Kind  or  Another. — 
I'nder  this  head  may  be  mentioned  such  abnormalities  as  the  following;  abnor- 
mally developed  colon;  unduly  long  or  unduly  large  sigmoid  flexure;  undue 
length  of  the  meso-colon  or  meso-sigmoid ;  and  diverticula  of  the  large  bowel. 
In  the  case  of  an  abnormal^  long  meso-colon  or  meso-sigmoid  there  is  danger 
that  an  acute  flexure  of  the  sigmoid  or  colon,  or  an  invagination  of  the  sigmoid 
into  the  rectum,  may  result  from  these  abnormal  conditions. 

(c)  Constipation  Caused  by  Abstention  from  Defecation  on  Account  of  the 
Pain  Accompanying  the  Act. — In  this  class  of  cases  it  will  be  found  that  the 
rectum  or  the  anus  is  the  seat  of  disease  of  some  kind — for  example,  hemorrhoids, 
ulcerated  conditions  of  the  rectum  or  the  anus,  fissures  of  the  anus,  and  chronic 
proctitis.  All  physicians  are  famihar  with  the  fact  that  these  conditions  favor 
chronic  constipation.  In  the  cases  in  which  for  any  reason  it  is  not  practicable 
to  attempt  a  permanent  cure  by  operative  interference,  considerable  temporar}^ 
relief  may  be  obtained  by  the  administration  of  castor  oil  in  half-ounce  doses 
(to  be  repeated  every  three  hours  until  a  movement  of  the  bowels  is  secured), 
and  then  afterward  by  the  use  of  enemas  of  cotton-seed  oil.  Each  enema 
should  contain  as  much  as  four  ounces  of  the  oil,  and  the  fluid  should  be  injected 
while  the  patient  is  in  the  knee-chest  position. 

(d)  Constipation  due  Simply  to  Impaimient  of  the  Physiological  Function 
of  Defecation. — It  is  only  to  this  fomi  of  constipation,  according  to  Illoway, 
that  the  term  "habitual  constipation"  can  properly  be  applied. 

From  a  study  of  the  intestinal  movements  it  is  known  that,  under  normal 
conditions,  the  circular  and  longitudinal  muscular  fibres  contract  alternately. 
By  the  contraction  of  the  circular  fibres  the  bolus  is  prevented  from  retrogi'ad- 
ing;  then,  by  contraction  of  the  longitudinal  fibres,  the  bowel  is  pulled  up  over 

*  The  reasons  why  the  importance  of  these  hypertrophied  valves  seems  to  us  to  be  over- 
estimated by  Dr.  Martin  are  set  forth  in  detail  in  the  last  edition  of  Dr.  Tuttle's  book  on 
"  Diseases  of  the  Rectum,  Anus,"  etc. 
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the  bolus,  and  thus  it  is  pushed  along.  Under  abnormal  eonditions,  however, 
this  jihysiological  order  may  be  changed:  the  two  sets  of  fibres  may  contract 
synchronously  and  spasmodically.  Thus  the  progress  of  the  fecal  matter  may 
be  retarded  and  constipation  result,  as  happens  in  spasmodic  stricture  of  the 
rectum.  Such  a  spasm  of  the  intestinal  muscles  may  involve  any  part  of  the 
intestinal  tract.  The  writer  recalls  two  cases,  for  example,  in  which  the  spas- 
modic contraction  affected  the  muscles  of  the  oesophagus.  Then,  again,  the 
spasm  may  be  limited  to  any  section  of  the  tract — as,  for  example,  the  rectum 
or  the  sigmoid,  which  are  the  parts  concerned  in  the  production  of  the  form  of 
constipation  known  as  spastic  constipation. 

Under  the  present  heading  would  come  those  cases  of  chronic  constipation 
which  are  produced  by  a  sphincter  that  is  simply  irritable — that  is,  one  which  is 
easily  provoked  to  spasmodic  action.  Such  spasmodic  action  is  much  more 
common  in  the  sphincter  ani  than  higher  up  in  the  rectum. 

In  the  present  group  belong  also  those  cases  of  chronic  constipation  which 
arise  from  atony  of  the  intestine,  from  neglect  to  answer  the  calls  of  nature, 
from  the  use  of  food  that  is  defective  in  residual  matter  and  fats,  from  want  of 
sufficient  physical  exercise,  from  prolonged  mental  work  and  worry,  and  from 
the  well-marked  muscular  relaxation  which  follows  the  prolonged  use  of  warm- 
water  enemas  or  the  too  great  distention  of  the  bowel  by  such  enemas. 

Diagnosis. — The  diagnosis  of  the  mere  fact  of  constipation  is  usually  made 
without  any  difficulty  from  the  statement  of  the  patient.  In  some  cases  a 
digital  examination  may  be  found  necessary.  There  is  some  difficulty;  however, 
in  getting  at  the  truth  when  the  patient  complains  of  diarrhoea,  and  yet  is  actually 
constipated.  The  important  points  to  be  determined  are:  what  is  the  cause 
of  the  difficulty,  and  what  is  its  nature ;  that  is,  is  it  a  case  of  habitual  constipa- 
tion, or  is  it  due  to  one  of  the  many  pathological  factors  already  mentioned? 
In  order  to  differentiate  between  the  different  causes,  one  must  go  carefully 
into  the  history  of  the  case,  and  must  inquire  particularly  w^hether  there  has 
or  has  not  been  pain,  and  also  whether  or  not  there  has  been  any  admixture  of 
mucus  (simple  mucus  or  mucus  stained  with  blood)  with  the  feces.  The  abdo- 
men must  be  carefully  examined,  and  so  also  must  the  rectum,  both  with  the 
finger  and  with  the  proctoscope.  By  inflating  the  bowel  through  the  pneumatic 
proctoscope  we  shall  be  greatly  assisted  in  our  search  for  facts  bearing  upon  the 
nature  of  the  affection. 

Treatment. — The  most  common  form  of  chronic  constipation  that  presents 
itself  for  treatment,  is  that  due  to  atony  of  the  intestinal  musculature;  and 
the  rational  line  of  treatment,  in  cases  of  this  nature,  is  first  to  remove  the 
cause,  if  possible,  and  then  to  restore  the  lost  tone  of  the  bowel.  The  first 
indication  will  be  met  by  enforcing  the  following  rules: — The  patient  should 
have  a  definite  hour  for  going  to  the  toilet  each  day,  whether  he  has  the  desire, 
or  not.  If  he  does  not  have  the  desire,  he  should  induce  it  or  aid  it  by 
the  simplest  and  most  ready  means  at  his  command — viz.,  an  injection  of  a 
small  quantity  of  cold  water,  which  acts  by  stimulating  the  bowel  to  do  its 
Avork.     If  this  practice  is  continued  for  a  short  time,  the  habit  will  soon  become 
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('stal)lish('(l.  In  the  next  phicc,  he  sh(nild  eat  ,such  food  a.s  contains  a  considerable 
amount  of  cellulose — such,  for  example,  as  coarse  vegetables,  fruits  with  their 
skins  left  on,  and  bread  made  from  unbolted  flour.  He  should  drink  plenty  of 
water  and  should  take  an  abundance  of  outdoor  exercise.  No  milk,  except  in 
very  small  quantities,  should  be  allowed.  To  carry  out  the  second  indication, 
• — the  restoration  of  tone  to  the  bowel, — resort  must  be  had  to  those  means 
which  experience  has  shown  to  be  most  efficient,  viz. :  the  correction  of  stomachic 
and  intestinal  indigestion;  the  use  of  such  drugs  as  improve  muscular  tone 
and  excite  peristalsis — as,  for  example,  nux  vomica  and  physostigmine ;  massage ; 
hydrotherapy,  and  electricity.  Massage  has  the  most  pronounced  effect  in 
restoring  the  tone  of  the  bowel,  as  well  as  in  strengthening  the  voluntary  ab- 
dominal muscles  which  take  part  in  defecation.  It  can  be  carried  out  by  the 
methods  that  are  usually  laid  down  for  its  use,  such  as  kneading,  rolling  of  a 
small  cannon  ball  (three  or  four  pounds)  over  the  abdomen,  or  the  Swedish 
exercises  that  have  been  specially. arranged  for  developing  these  muscles.*  Still 
another  method  is  that  in  which  massage  is  applied  directly  to  the  walls  of  the 
rectum  by  means  of  an  oscillator  or  vibrator  introduced  into  the  rectum  and 
then  made  to  oscillate  very  rapidly.  The  results  of  treatment  by  this  fomi  of 
massage  are  reported  to  be  most  satisfactory. 

Hydrotherapy  plays  an  important  part  in  the  treatment  of  atonic  constipa- 
tion. The  most  common  forms  of  administering  it  are  the  following: — Cold- 
water  enemas  used  in  moderate  quantities,  so  as  not  to  cause  overdistention 
of  the  bowel,  cold  tub-baths,  douches,  and  compresses;  and  cold  moist 
frictions. 

It  is  not  quite  certain  whether  the  use  of  electricity  produces  any  pemianent 
beneficial  effect  on  constipation,  or  not;  that  it  is  capable  of  provoking  an 
evacuation  of  the  bowel  is  scarcely  open  to  doubt.  The  faradic  current  is 
generally  used,  the  positive  electrode  being  placed  in  the  rectum,  and  the  negative 
along  the  tract  of  the  colon  and  sigmoid,  over  the  abdomen  and  over  the  lumbar 
portion  of  the  spinal  cord.  The  treatment  of  that  form  of  constipation  which 
accompanies  chronic  catarrh  of  the  large  bowel,  consists  in  the  treatment  of  the 
latter  disorder,  as  given  elsewhere  in  this  article.  For  spasmodic  stricture  of 
the  rectum,  as  also  for  spasm  of  the  external  sphincter  without  local  lesion,  the 
internal  use  of  asafcetida  in  large  doses  will  probably  be  foimd  the  most  useful 
of  all  medicines,  especially  as  the  individuals  in  whom  the  affection  most  fre- 
C{uently  occurs  are  hysterical  subjects.  In  cases  of  spasm  of  the  external  sphinc- 
ter, in  which  the  asafcetida  has  failed  to  afford  relief,  gradual  but  complete 
dilatation  of  the  sphincter  will  be  the  next  best  means  of  relief  at  our  command. 
In  these  cases  also  the  oil  clyster  (from  three  to  four  ounces  of  olive  oil  or  the 
best  cotton-seed  oil)  should  be  injected  warm  into  the  rectum  at  night,  the  patient 
being  in  the  knee-chest  position  while  the  injection  is  in  progress  and  also  for 
from  five  to  ten  minutes  after  the  procedure  is  completed.  A^Tiere  the  con- 
stipation is  due  to  hypertrophy  of  Houston's  valves,  these  structures  should  be 
divided,  either  according  to  Dr.  IMartin's  method  (with  the  knife  devised  by 

*  For  a  description  of  these,  see  Dr.  lUoway's  book. 
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him  for  the  purpose)  or  by  the    appHcation  of  Pennington's  or  Gant's  clamp 
which  causes  pressure  necrosis  and  thus  effects  a  division  of  the  valve. 

The  prolonged  use  of  cathartics  and  even  of  laxatives,  in  any  fomi  of  con- 
stipation, should  be  deprecated.  In  cases  of  impaction,  or  where  hard  scybala 
have  formed,  the  administration  of  castor  oil,  to  be  given  in  half-ounce  doses 
at  intervals  of  three  hours,  until  the  bowels  are  thoroughly  emptied,  and  then 
to  be  followed  by  the  employment  of  enemas  of  cotton-seed  oil,  affords  the 
safest  and  best  means  for  obtaining  prompt  relief.  In  cases  of  impaction,  how- 
ever, the  enemata  should  not  be  administered  until  the  mass  has  been  broken 
up  by  forceps  or  softened  by  the  injection  of  ox-gall  or,  better  still,  hydrogen 
dioxide.  Both  the  forceps  and  the  dioxide  may  be  applied  directly  to  the  mass 
through  the  electric  proctoscope.  In  those  cases  of  atonic  constipation  in  which 
it  is  deemed  necessary  to  give  laxatives  for  a  while,  the  fluid  extract  of  cascara 
sagrada,  a  combination  of  the  cascara  with  malt,  or  an  infusion  of  senna  leaves, 
will  be  found  most  efficient  and  the  least  hamiful.  In  those  cases  in  which  the 
constipation  is  due  to  acute  flexures  of  the  sigmoid,  or  to  the  invagination  of 
the  sigmoid  into  the  rectum,  or  to  displacement  of  the  colon, — all  of  which 
conditions  are  generally  the  result  of  an  abnormally  long  meso-sigmoid  or 
meso-colon,— temporary  relief  may  be  gotten  from  the  introduction,  once  every 
day,  of  a  No.  8  Wales  bougie  or  from  the  inflation  of  the  bowel  with  air,  especially 
if  it  be  done  while  the  patient  is  in  the  knee-chest  position.  Both  of  these 
measures  act  by  lifting  or  pushing  the  bowel  out  of  the  pelvis  and  thus  straight- 
ening out  the  flexures.  For  the  permanent  rehef  of  either  of  these  conditions, 
when  present  in  an  aggravated  form,  resort  must  be  had,  sooner  or  later,  to 
sigmoidopexy  or  colopexy.  The  same  may  be  said  of  those  cases  in  which  the 
constipation  is  due  to  the  presence  of  adhesive  bands,  or  to  undue  contraction 
of  the  lumen  of  the  bowel  by  scar  tissue.  The  abdomen  having  been  opened,  the 
adhesive  bands  should  be  broken  up  or  the  strictured  portion  of  the  bowel  ex- 
cised and  the  healthy  ends  brought  together  by  end-to-end  or  lateral  anastomosis. 
In  the  sigmoid  the  latter  appears  to  be  the  safer  method. 


V.   SIMPLE  AND  SPECIFIC  ULCERATIONS. 

Simple  Ulcerations.— The  simple  ulcerations  are  those  which  originate  in 
traumatism  or  in  any  abrasion  that  secondarily  becomes  infected  with  one  or 
more  of  the  different  species  of  micro-organisms  which  are  commonly  present  in 
or  around  the  anus  and  rectum.  The  speciflc  ulcerations  are  those  which  are 
due  to  speciflc  organisms— as,  for  example,  tuberculous,  syphilitic,  and  dysenteric 
ulcerations.  Each  of  the  varieties  mentioned  may  be  further  subdivided 
according  to  location. 

Etiology. — Simple  ulcerations  may  be  due  to  traumatism  or  to  any  abrasion 
of  the  surface  through  which  infection  may  gain  admission.  When  they  occur 
around  the  anal  margin,  they  may  be  due  to  herpetic  or  eczematous  eruptions. 
When  they  occur  in  the  rectum  or  sigmoid,  they  may  be  due,  not  only  to  the 
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causes  already  named,  liiit  also  to  catarrh  of  the  mucous  surface,  to  a  varicose 
condition,  to  inflamed  hemorrhoids,  to  follicular  inflammation,  and  to  the  toxic 
action  of  certain  drugs. 

In  the  causation  of  ulcers  in  the  region  which  we  are  now  considering,  some 
influence  must  be  accorded  to  certain  anatomical  conditions — as,  for  instance, 
the  manner  of  distribution  of  the  superior  hemorrhoidal  veins,  the  absence  of 
valves  in  the  veins,  and  the  existence  of  a  feeble  collateral  circulation.  Certain 
diseases,  such  as  Bright's  disease  and  diabetes  mellitus,  trophic  disturbances, 
and  marasmic  conditions,  favor  the  development  of  rectal  and  anal  ulcers. 

General  Syaiptoms. — The  symptoms  are  very  similar  for  all  varieties  of 
ulceration ;  the  degree  of  severity  does  not  bear  any  relation  to  the  size  of  the 
ulcer,  but  it  does  to  its  location.  Those  ulcers,  for  example,  which  are  located 
nearest  the  sphincter  produce  the  most  distressing  symptoms,  regardless  of 
their  size.  Diarrhoea  is  one  of  the  earliest  and  most  constant  symptoms.  The 
stools  soon  consist  of  mucus,  pus,  and  blood,  and  are  attended  with  tenesmus 
and  a  bearing-down  sensation.  Pain  is  a  very  indefinite  and  unreliable  symptom, 
depending  upon  the  degree  of  proximity  of  the  ulcer  to  the  external  sphincter. 
The  amount  of  pain  bears  no  relation  to  the  character  of  the  ulcer.  Incon- 
tinence may  exist  in  a  certain  number  of  cases. 

Traumatic  Ulceration  of  the  Rectum. — Traumatic  ulceration  of  the  rectum 
originates  in  an  abrasion  of  the  surface  of  the  mucous  membrane,  followed  by 
an  infection  through  the  abrasion.  The  appearance  of  an  ulcer  of  this  nature 
depends  upon  the  character  of  the  wound  which  gave  rise  to  it.  Its  surface  is 
covered  with  simple  granulation  tissue  and  is  bathed  with  thick  muco-pus. 

In  the  treatment  of  these  ulcers  the  important  thing  is  to  secure  thorough 
drainage.  This  is  bCvSt  accomplished  either  by  thoroughly  stretching  or  by 
incising  the  sphincter,  and  by  irrigations  with  antiseptic  solutions,  three  or  four 
times  daily ;  after  which  the  ulcer  may  be  further  cleansed  with  hydrogen  dioxide, 
and  stimulated  with  a  two-per-cent  solution  of  silver  nitrate,  or,  in  very  chronic 
cases,  with  tincture  of  iodine.  The  evacuations  should  be  regulated  by  gentle 
laxatives  and  made  to  pass  painlessly  by  the  employment  of  tepid- water  enemata. 

In  the  case  of  hemorrhoidal  ulcers  the  treatment  should  be  absolutely  surgical; 
the  ulcerated  hemorrhoidal  mass,  together  with  any  other  hemorrhoids  that 
may  be  present,  should  be  removed.  The  resulting  wounds  should  not  be  sewed 
up,  on  account  of  the  infection  already  present.  The  clamp  and  cautery,  by 
reason  of  their  antiseptic  properties,  are  best  adapted  for  the  treatment  of  these 
cases. 

Ulceration  Following  Stricture. — :Stricture  of  the  rectum  is  sometimes  accom- 
panied by  a  form  of  ulceration  that  might  be  included  with  traumatic  ulcerations, 
for  doubtless  the  trauma  from  the  retained  and  hardened  fecal  matter  is  the 
chief  factor  in  its  production.  Nevertheless,  this  ulcer  possesses  certain  features 
which  do  not  characterize  the  traumatic  ulceration.  In  the  first  place,  the  walls 
of  the  rectum  are  generally  infiltrated  with  fibrous  tissue,  and  this  is  true,  not 
only  with  respect  to  the  different  layers  of  tissue  which  compose  the  rectal  walls, 
but  also — more  particularly  in  the  case  of  syphilitic  strictures — with  respect  to 
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the  walls  of  the  blood-vessels  that  supply  these  structures  (arteriosclerosis  or 
endarteritis).  Thus  we  have  the  circulation  of  the  part  interfered  with  by 
pressure  from  without  as  Avell  as  by  a  diminution  of  the  arterial  calibre ;  this  in- 
terference with  the  circulation  lowers  the  vitality  and  resisting  power  of  the 
tissues  and  makes  them  very  much  more  prone  to  ulceration.  This  constitutional 
disorder,  with  which  strictures  of  the  rectum  are  so  often  associated,  is  an  ad- 
ditional factor  that  does  not  have  to  be  reckoned  with  in  simple  traumatic  ulcers. 
It,  in  turn,  weakens  the  resisting  power  of  the  patient  and  makes  the  liability  to 
ulceration  in  these  cases  more  certain. 

Specific  Ulcerations. — Under  the  head  of  specific  ulcerations  of  the  anus, 
rectum,  sigmoid,  and  colon,  we  shall  include  all  those  forms  of  ulceration  which 
may  be  directly  and  positively  traced  to  specific  organisms.  Such,  for  example, 
are  the  following: — ^Tuberculous  ulcers  (Fig.  322),  ulcers  caused  by  the 
Schistosoma  haematobium,  dysenteric  ulcers,  venereal  ulcers,  diphtheritic  ulcers, 
carcinomatous  ulcers,  and  ulcers  due  to  actinomycosis. 

Tuberculous  Ulcers. — Tuberculosis  is  now  known  to  be  the  cause  of  many 
forms  of  ulceration  in  this  locality,  the  pathology  of  which  was  f oiTQcrly  unknown. 
These  ulcerations  may  be  primary  or  secondary,  and  may  appear  in  the  surround- 
ing skin  or  in  the  muco-cutaneous,  the  mucous,  or  the  cellular  tissues.  The 
disease  is  propagated  either  directly  to  the  adjoining  tissues  or  through  the 
lymphatics.  Its  rapidity  of  advance  is  in  an  inverse  ratio  to  the  amount  of 
fibrous  tissue  in  its  path.  A  pure  cicatrix,  for  example,  forms  an  impassable 
barrier  to  its  progress,  and  may  give  rise  to  stricture. 

Lupoid  ulceration  of  the  anal  canal  is  only  another  form  of  tuberculosis.  It 
is  attended  with  a  great  deal  of  infiltration  and  is  slow  in  its  progress,  but  event- 
ually it  proves  very  destructive  to  the  tissues. 

Verrucous  ulceration  is  still  another  type  of  tuberculous  ulceration.  It  may 
extend  either  downward  to  the  skin,  or  upward  into  the  rectum.  It  is  a  very 
rare  form  of  tuberculous  disease.  The  chief  characteristic  of  these  ulcers  is 
their  papillary  or  mammillated  appearance.  The  true  nature  of  the  ulceration 
has  been  verified  by  inoculation  of  rabbits,  and  by  finding  the  tuberculosis  bacilli. 
The  ulceration  develops  insidiously. 

The  finding  of  the  bacilli  in  the  scrapings  establishes  the  diagnosis. 

It  is  interesting  to  note  how  nature,  by  producing  an  infiltration  of  fibrous 
tissue  at  the  base  and  sides  of  the  ulcer,  makes  provision  for  staying  the  progress 
of  the  disease. 

The  observance  of  extreme  cleanliness,  the  use  of  antiseptic  washes  or  of 
dusting  powders,  and  the  application  of  soothing  ointments,  constitute  the 
treatment.  All  unnecessary  surgical  interference  should  be  avoided,  but,  when 
this  becomes  necessary,  the  patient  should  be  gotten  out  of  doors  as  soon  after 
the  operation  as  his  strength  will  permit. 

In  the  lupoid  form  of  ulceration  curetting,  followed  by  the  use  of  the  x-ray, 
gives  the  best  results.  General  constitutional  treatment  should  of  course  be  given 
at  the  same  time.  In  the  verrucous  form  of  ulceration,  the  same  local  and 
general  measures  as  have  been  recommended  for  the  treatment  of  the  simple 
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tuberculous  ulceration,  may  be  employed  to  advantage.  When  the  ulceration 
involves  the  rectum  and  sigmoid,  the  most  that  can  be  done  locally  is  to  employ 
antiseptic  irrigations.  At  the  same  time  special  at- 
tention should  be  paid  to  general  treatment.  Several 
cases  have  been  reported  in  which  appendicostomy  has 
given  great  relief. 

Hyperplastic  Tuberculosis. — Coquet  (These,  Paris, 
1894)  has  described  a  peculiar  condition  of  tuberculous 
infiltration  of  the  intestinal  walls,  which  he  has  desig- 
nated by  the  above  title.  According  to  him  it  occurs 
most  frequently  in  the  ileo-ca?cal  region.  It  is  charac- 
terized by  extensive  formation  of  fibrous  and  tubercu- 
lous granulation  tissues  in  the  walls  of  the  intestine. 
It  corresponds  to  a  similar  tuberculous  process  which  is 
found  in  the  lungs  in  a  certain  form  of  chronic  pulmo- 
nary tuberculosis.  The  fibrous  hyperplasia  seems  to  take 
the  place  of  caseation  and  necrosis.  The  walls  of  the 
intestine  are  greatly  thickened  and  indurated.  The 
mucous  membrane  is  sometimes  ulcerated.  The  chief 
seat  of  the  infiltration  is  in  the  submucous  and  circular 
muscular  layers. 

The  diagnosis  is  exceedingly  difficult  to  make  unless 
there  is  ulceration  of  the  mucous  surface. 

Acute  Tuberculous  Proctitis. — This  disease,  which 
was  first  described  by  Earle  in  the  Maryland  Medical 
Journal  for  1899,  is  characterized  by  swelling  of  the 
mucous  membrane,  by  intense  hypersemia,  and  by  the 
presence  of  numerous  small  ulcers.  The  description  is 
based  upon  the  findings  of  two  necropsies,  which  were 
made  under  the  supervision  of  Professor  Councilman, 
and  upon  two  cases  observed  at  the  bedside.  For  fuller 
details  the  reader  is  referred  to  the  above  journal. 

Carcinomatous  Ulceration. — Owing  to  the  similarity 
of  the  signs  and  symptoms  of  the  two  diseases  it  is  some- 
times very  difficult  to  distinguish  a  simple  ulceration  of 
the  rectum  from  a  beginning  carcinoma  of  the  same 
locality.  The  possibility  that  the  latter  disease  may 
be  present  should  always  be  borne  in  mind  in  the  case 
of  a  patient  who  is  suffering  with  diarrhoea  and  dis- 
charges of  mucus,  blood,  and  pus,  and  a  thorough  ex- 
amination should  be  made  to  determine  the  truth.  The 
trained  finger  will  easily  recognize  the  peculiar  indura- 
tion which  characterizes  the  presence  of  a  cancerous 
growth  in  the  rectum.  The  ulcerations  which  frequently  occur  in  connection 
with  Bright 's  disease,  diabetes  mellitus,  chronic   cirrhosis    of  the  liver,  and 


Fig.  322. — Drawing  of 
Tuberculous  Ulceration 
and  Stricture  of  the  Rec- 
tum. (Tuttle  on  "Diseases 
of  the  Anus,  Rectum,  and 
Pelvic  Colon.") 
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marasmus,  possess  no  characteristics  by  means  of  which  one  might  be  able  to 
distinguish  them  from  simple  ulcerations,  and  the  manner  of  treating  the  two 
should  be  the  same; — it  being  understood,  of  course,  that  due  attention  is  to 
be  paid  to  the  comphcating  disease. 

Ulceration  of  the  Rectum  Due  to  Infection  by  Schistosoma  hcBmatobium.— 
Dr.  Leonard  Blumgart,  of  New  York  {Medical  Record,  April  6th,  1907),  has  called 
attention  to  a  very  interesting  form  of  ulceration  of  the  rectum  due  to  the 
general  infection  caused  by  the  Schistosoma  haematobium.  The  infection,  it 
is  now  believed,  takes  place  in  one  or  the  other  of  two  different  ways.  Sonsino 
claims  that  the  infection  occurs  through  the  gastro-intestinal  tract  by  means  of 
infected  food  or  water;  Brock,  on  the  other  hand,  believes  that  the  parasite  enters 
the  body  through  the  skin  while  the  patient  is  bathing  in  an  infected  stream. 
The  adult  worm  finds  its  way  into  a  small  vein  of  the  portal  system,  becomes  en- 
cysted there,  lays  its  eggs,  and  finally  these  burst  the  wall  of  the  vessel  and  escape 
into  the  neighboring  tissues  and  blood-vessels.  The  pathological  results  are  in- 
duration, ulceration,  and  polypoid  vegetations.  It  is  only  in  the  rectum,  how- 
ever, that  the  vegetative  and  ulcerative  changes  take  place.  The  only  symptoms 
which  seem  to  be  constantly  produced  are  diarrhoea  and  pain.  "In  our  case 
[Blumgart],  the  eggs  were  found  in  every  stool  examined."  The  disease  is  very 
rare  in  the  United  States,  only  seven  cases  having  hitherto  been  reported. 

Dysenteric  Ulceration. — While  it  has  been  proven  that  the  chief  seat  of  dys- 
teric  ulceration  is  in  the  caecum,  it  is  unquestionably  true  that  a  very  large 
majority  of  cases  present  typical  ulcers  of  the  rectum  and  sigmoid  at  some  time 
in  their  course.  This  fact  and  the  modern  treatment  of  diseases  of  this  nature 
by  local  measures  bring  dysentery  within  the  domain  of  rectal  surgery. 

Dysentery  is  now  admitted  to  be  an  infectious  disease.  There  are  three 
types  of  infection — the  amoebic,  the  bacillary,  and  the  mixed  infection.  The 
latter  should  probably  be  classed  with  simple  ulcerations. 

Bacillary  Dysentery. — This  form  of  dysentery  is  due  to  infection  by  the 
Shiga  bacillus  or  one  of  its  prototypes.     The  source  of  the  bacillus  is  unknown. 

The  disease  is  often  ushered  in  suddenly  with  a  chill,  rise  of  temperature, 
pain  in  the  back,  griping  abdominal  pains,  tenesmus,  and  burning  in  the  rectum. 
The  stools  are  at  first  mushy,  then  liquid,  and  finally  they  are  composed  almost 
entirely  of  mucus  and  blood.  Frequently  there  is  nausea.  Emaciation  pro- 
gresses rapidly,  and  collapse  often  comes  on  early  in  the  course  of  the  disease. 

The  constitutional  symptoms  are  due  to  the  toxins  produced  by  the  specific 
bacilli,  and  not  to  the  bacilli  themselves. 

A  large  dose  of  calomel  (gr.  x.,  with  sodium  bicarbonate)  should,  if  possible, 
be  given  early  in  the  disease,  and,  after  the  lapse  of  six  hours,  it  should  be  followed 
by  a  full  dose  of  castor  oil.  When  the  bowels  have  been  thoroughly  evacuated, 
rectal  irrigations  of  waiTn  antiseptic  solutions  should  be  begun,  and  they  should 
be  repeated  every  four  or  five  hours. 

Shiga  has  obtained  very  good  results  from  the  serum  treatment  of  this  form 
of  dysentery.  This  treatment  alone,  however,  is  not  sufficient;  with  it  must 
be  combined  rectal  irrigations  and  constitutional  measures. 
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Anurbic  Dysoiitorv. — This  form  of  iileoration  of  the  large  intestine  is  due  to 
infection  with  the  Anueba  dysenterise.  It  is  much  more  insidious  than  the 
bacillary  form. 

I'sually,  in  the  acute  cases,  there  are  tlie  following  symptoms:  a  frec^uent 
desire  to  defecate;  burning  in  the  rectum,  with  tenesmus;  loss  of  appetite ;  and 
slight  elevation  of  temjx'rature.  As  has  been  pointed  out  by  Rogers  and  Tuttle, 
the  anuebic  infection  may  exist  in  a  latent  form,  and  may  even  end  in  death 
from  complications,  without  noticeable  diarrha^a.  Severe  constitutional  com- 
plications, howcs'er,  are  rare. 

The  irregular  course  of  the  disease  is  one  of  its  chief  characteristics,  the 
attack  being  made  up  of  intermissions,  relapses,  and  exacerbations. 

The  diagnosis  can  be  mad3  positive  only  by  finding  the  Ama^ba  dj'senteria^ 
in  the  discharges  from  the  bowels  or — what  is  much  more  accurate — in  the 
scrapings  procured  directly  from  the  ulcers  and  examined  immediately. 

So  far  as  treatment  is  concerned,  it  is  only  necessary,  since  the  disease  is 
primarily  local,  to  direct  all  our  efforts  toward  its  eradication  by  local  measures 
and  by  the  administration  of  saline  cathartics.  Ipecac  in  salol-coated  pills  seems 
to  produce  a  good  effect  in  very  acute  cases,  but,  in  our  experience,  it  is  useless 
in  the  chronic  conditions.  Such  symptoms  as  may  manifest  themselves  in 
addition  to  those  of  the  ulceration  in  the  large  bowel,  are  secondary  and  should 
be  treated  as  they  arise. 

High  rectal  irrigations  of  normal  saline  solutions,  of  formalin  solution? 
(1  in  300),  of  a  very  weak  solution  of  bichloride  of  mercury  (1  in  10,000),  or  of 
quinia  muriate  (from  1  in  500  to  1  in  3,000) ,  to  be  administered  in  alternation 
with  similar  irrigations  of  a  silver- nitrate  solution  (from  1  per  cent  to  3  per  cent), 
are  among  the  best  local  means  of  treating  the  disease.  All  these  solutions 
should  be  used  at  a  temperature  ranging  from  80°  Fahr.,  at  the  beginning,  down 
to  60°  Fahr.  This  is  the  course  suggested  by  Tuttle,  who  observed  that  the 
motility  of  the  organisms  was  lost — and,  as  it  appeared,  pennanently^ — whenever 
the  temperature  was  reduced  be^ow  70°  Fahr.  Acting  in  harmony  with  this 
observation  Tuttle  has  treated  successfully  a  number  of  cases  with  irrigations 
of  ice  water  alone.  Musgrave  says  that  the  cold  does  not  destroy  the  amoebae, 
but  simply  benumbs  them,  so  that  they  may  be  more  easily  \yashed  out  from  the 
intestinal  canal.  If  it  is  found,  however,  that  the  cold  solutions  produce  much 
pain  and  tenesmus,  they  should  then  be  used  warm,  and  should  be  introduced 
very  slowly.  The  diet  should  be  principally  nitrogenous  and  of  a  mild,  un- 
irritating  character,  and  the  patient  should  be  confined  to  bed.  While  many 
acute  cases  are  permanently  cured,  by  the  measures  named  above,  this  is  by 
no  means  true  of  the  chronic  cases,  w^hich  continue  to  have  relapses  under  the 
most  careful  use  of  the  various  measures  advocated — so  long,  at  least,  as  they 
are  administered  through  the  normal  channels.  These  same  remedies,  however, 
and  especially  the  cold  water,  will  give  the  most  satisfactory  and  pennanent 
results  when  they  are  administered  through  an  artificial  opening  in  the  caecum 
or  the  appendix,  in  the  manner  suggested  by  Dr.  Gibson  and  Dr.  R.  F.  Weir, 
and  to  be  described  farther  on  (p.  797). 
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Valvular  Colostomy. — This  operation  \yas  devised  prior  to  a])pcn(lic()st()niy, 
and,  while  the  latter  is  much  easier  to  perforni  and  much  more  easily  managed 
subsequently,  j'et  valvular  colostomy  still  has  its  own  field  of  usefulness  (e.g., 
in  cases  in  which  the  appendix  is  found  to  be  impervious,  or  in  those  in  which, 
for  any  other  cause,  this  organ  or  structure  cannot  be  utilized  for  irrigating 
purposes) . 

Gibson's  method*  is  as  follows: — An  incision,  one  inch  and  a  half  in  length, 
is  carried  through  the  abdominal  wall  parallel  with  Poupart's  ligament  on  the 


Fig.  323. — Operation  of  Appendicostomy;    First  Stage. 


right  side,  and  one  inch  internal  to  its  outer  part.  The  csecum  is  found  directly 
beneath  the  incision  and  presents  itself  in  the  opening.  A  point  is  chosen  in  the 
anterior  band  of  the  intestine  and  at  this  point  an  opening  is  made  sufficiently 
large  to  admit  a  fair-sized  soft-rubber  catheter.  The  three  tiers  of  sutures 
placed  above  and  below  this  orifice  serve  to  infold  the  csecal  wall.  The  ends 
of  the  last  sutures  introduced  are  left  long,  and  are  carried  through  the  margins 

*  Boston  Medical  and  Surgical  Journal,  vol.  cxlvii.,  p.  341. 
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of  the  abdominal  incision.  These,  when  drawn  ti^ht,  bring  the  ca'cuni  forward 
into  close  contact  with  the  abdominal  wall,  and  are  utilized  for  closing  the 
external  wound,  a  silkworm-gut  suture  being  placed  at  each  angle  for  reinforce- 
ment purposes. 

The  catheter  is  left  in  j)la('e  until  the  seventh  day,  after  which  it  is  reintro- 
duced at  the  time  of  each  irrigation.  These  irrigations  are  begun  about  the 
second  or  third  day  aftei"  the  operation.  There  is  absolutely  no  leakage  from 
this  Oldening  when  the  catheter  is  out,  nor  is  there  any  difficulty  attending  its 


Fig.   324. — Operation  of  Appendicostoiny ;    Second  Stage. 

reintroduction.     The  wound,  furthermore,  readily  closes  of  itself  after  the  use 
of  the  catheter  is  stopped. 

Weir's  Operation  for  Appendicostomy.— The  technique  of  Weir's  operation 
for  appendicostomy,  as  recently  modified  by  Tuttle,  is  thus  described  in  a  paper 
which  he  read  before  the  Surgical  Section  of  the  New  York  Academy  of  Medicine 
in  May,  1905:* — An  incision,  one  inch  and  a  half  long,  is  made  at  McBurney's 

*  See  American  Journal  of  Surgery,  June,  1905. 
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point,  the  intermuscular  method  being  used.  The  appendix  having  been  found 
and  brought  out  to  the  surface,  its  artery  is  tied  and  the  mesentery  stripped 
down  to  its  juncture  with  the  caput  coli;  a  suture  is  next  passed  at  the  lower 
angle  of  the  wound,  through  the  peritoneum,  then  through  the  muscular  walls  of 
the  caecum  at  its  juncture  with  the  appendix,  and  back  through  the  peritoneum 
on  the  opposite  side  of  the  wound.  (Fig.  323.)  A  second  suture  is  then  passed 
about  half  an  inch  above  the  other,  through  the  same  tissues,  but  on  the  upper 
side  of  the  appendix.  These  two  sutures  having  been  tied,  the  peritoneum  is 
closed  by  continuous  suture  and  the  wound  in  the  usual  manner,  the  skin  being 
sutured  accurately,  but  not  too  tightly.  (Fig.  324.)  The  patulousness  of  the 
appendix  should  be  definitely  determined  before  closing  the  abdominal  wound. 
If  there  is  any  real  reason  to  doubt  its  patulousness,  we  believe  that  it  is  better 
to  cut  off  the  end  and  to  tie  in  a  very  small  catheter  before  closing  the  peritoneal 
cavity.  There  is  very  little  risk  in  adopting  this  course,  and  it  gives  the  surgeon 
the  advantage  of  performing  a  valvular  cjecostomy  at  once,  if  the  appendix 
should  prove  to  be  impervious.*  If  there  is  no  reason  to  suspect  the  pervious- 
ness  of  the  appendix,  the  abdominal  wound  should  be  closed  and  the  appendix  not 
opened  for  several  days.  It  is  better  to  delay  the  irrigations  for  four  or  five 
days  after  the  operation,  on  account  of  the  risk  of  infecting  the  wound.  It  must 
be  remembered,  however,  that  appendicostomy  does  not  take  the  place  of  local 
treatment  applied  to  the  ulcers  in  the  rectum  and  sigmoid.  Many  of  them  are 
mixed  infections  and  must  be  treated  accordingly. 

Ulceration  due  to  Mixed  Infections. — The  character  of  the  ulceration  which 
results  from  a  mixed  infection  is  very  similar  to  that  of  the  bacillary  type.  The 
symptoms,  as  a  rule,  are  not  so  acute  nor  so  violent. 

The  most  important  pathogenic  organism  found  in  this  form  of  ulceration  is 
usually  the  colon  bacillus. 

Venereal  Ulceration  of  the  Anus  and  Rectum.— Although  this  form  of  ulcera- 
tion is  not  very  frequent  in  the  United  States  as  the  result  of  direct  transmission 
through  the  practice  of  sodomy  and  pederasty,  yet,  as  a  result  of  auto-infection, 
it  occurs  quite  frequently.  The  chief  varieties  are  gonorrhoeal,  chancroidal,  and 
syphilitic. 

Gonorrhoeal  Proctitis  and  Ulceration. — This  form  of  the  disease  resembles 
so  closely  acute  catarrhal  proctitis,  that  it  can  be  differentiated  only  by  the 
presence  of  the  causative  agent,  the  gonococcus . 

The  remedial  solutions  which  will  be  found  the  most  effective  are  the  follow- 
ing : — Bichloride  of  mercury  solutions  (1  in  10,000) ;  silver  nitrate  solutions 
(one-quarter  to  one-half  of  one  per  cent) ;  and  solutions  of  argonin,  argyrol,  and 
potassium  permanganate,  all  of  which  rapidly  destroy  the  gonococci. 

Chancroid  of  the  Anus  and  Rectum. — This  is  not  an  infrequent  affection 
among  the  lower  classes,  and  its  characteristics  are  very  much  influenced  by  the 
amount  of  attention  which  it  receives.  It  is  much  more  frequent  in  women  than 
in  men,  owing  to  the  facts  that  the  genitalia  are  in  closer  proximity  to  the  anus 

*  In  a  large  number  of  cases  operated  upon  by  myself  and  my  assistants,  we  have  never  found 
the  procedure  necessary  in  a  single  instance. — J.  P.  T. 
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(.thus  favoring  auto-inoculation),  that  the  anus  probably  comes  in  contact  with 
the  diseased  male  organ,  and  that  the  practice  of  sodomy  is  more  frecjuent  than 
that  of  pederasty.  Chancroidal  ulcerations  of  the  anus  may  be  secondaiy  to 
chancroids  elsewhere,  and  are  generally  limited  to  the  perianal  region  and  the 
anal  canal.  Chancroidal  ulceration  of  the  rectum  is  a  veiy  rare  lesion  and  is 
generally  the  result  of  sodomy  or  pederast}'.  The  phagedenic  \-ariety.  with  its 
persistent  tendency  to  spread,  is  more  likely  to  extend  from  the  anal  oiifice  up 
into  the  rectmn.  The  treatment  consi-sts  in  keeping  the  parts  thoroughly  clean, 
in  making  local  applications  of  a  stimulating  character,  and  in  dusting  the  paits 
either  with  some  mildly  antiseptic  powder  or  with  one  containing  calomel. 

Syphilitic  Ulceration. — This  highly  infectious  and  insidious  disease  manifests 
itself  in  the  skin  aroimd  the  anus,  in  the  anal  canal,  and  in  the  rectimi.  either  as 
a  primary  lesion  or  as  one  of  a  secondaiy  or  teitiaiy  character.  The  piimar}- 
lesion — i.e.,  a  chancre — appears  in  and  aroimd  the  anus  or  in  the  rectum  more 
frequently  than  has  been  supposed.  It  is  much  more  common  in  women  than 
in  men.  In  whichever  of  these  locahties  it  may  appear,  its  pathogenic  charac- 
teristic is  the  induration  of  its  base.  This  feature,  however,  is  not  ver\-  pro- 
nounced before  the  expiration  of  ten  days  or  two  weeks. 

The  differential  diagnosis  may  be  made  before  this  by  the  finding  of  the 
Spirochsete  pallida. 

A  simple  hard  chancre  may  assimie  a  phagedenic  type.  The  inguinal  hTuph 
nodes  on  both  sides  soon  imdergo  enlargement,  one  after  the  other. 

A  patient  may  have  a  tnie  chancre  \^ithout  the  development  of  any  second- 
ary lesions,  and  yet,  years  later,  he  may  shi;)w  teniar}-  s^inptoms.  Then,  again, 
the  secondary-  lesions  may  be  so  rmld  as  not  to  attract  attention.  These  cases 
indicate  that  the  systemic  resistance  at  the  time  was  sufficient  temporarily  to 
overcome  the  ^inis  of  the  chsease,  but  not  to  destroy  it.  Then,  at  some  later 
period,  when  the  patient's  vitality  was  depressed,  it  overcame  the  systemic 
resistance  and  developed  with  great  intensity. 

Secondary-  manifestations  of  s}'[3hilis  show  themselves  on  the  skin  surface, 
in  the  region  of  the  anus,  in  the  form  of  mucous  patches  or  ulcerative  conditions 
which  are  merely  transformed  macular,  moist  papules.  They  may  also  occur  in 
the  form  of  tubercular  s}i3hilides.  due  to  moisture  and  constant  contact  of  the 
parts.  They  first  begin  with  an  emhema  between  the  folds  of  the  buttocks; 
and  this  change  may  take  place  before  the  initial  sore  heals. 

Secondary  ulcerations  in  the  rectum  are  by  far  the  most  frequent  manifesta- 
tions of  syphilis  that  occur  above  the  ano-rectal  line.  They  may  be  single  or 
multiple:  they  are  crater-Hke  ulcers,  with  clean-cut,  indiuated  edges:  in  the 
early  stages  they  rarely  extend  deeper  than  the  submucous  tissues :  subsequently, 
they  may  become  ver^'  extensive,  and  are  often  attended  with  great  destruction 
of  tissue.  In  these  ulcerations  of  the  rectum  the  sacral  hmph  nodes  are  enlarged. 
The  walls  of  the  rectimi  beneath  the  ulcers  feel  leather^'  and  indurated.  The 
odor  is  fetid  and  offensive,  but  quite  different  from  that  given  off  by  the  discharge 
which  attends  a  carcinoma . 

The  treatment  consists  in  keeping  the  paits  clean,  in  secuiing  good  drainage, 
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in  making  local  antiseptic  applications,  and  in  administering  mercury  internall}'. 
A  large  number  of  cases  of  syphilitic  ulceration  end  in  the  formation  of  an 
obstinate  stricture,  which  owes  its  origin  to  the  fibrous  infiltration  that  always 
attends  and  follows  this  fomi  of  ulceration. 

The  princijjal  types  of  the  rectal  lesions  belonging  to  the  tertiary  stage  of 
syphilis  are  gummata,  destructive  ulcerations,  ano-rectal  syphilomata,  and 
proliferating  proctitis. 

Gumma. — ^^^len  a  gumma  occurs  in  the  rectum,  it  takes  the  form  of  a  round, 
elastic,  and  painless  deposit  in  the  submucous  tissue.  Later,  it  may  involve 
both  the  mucous  and  muscular  walls  of  the  bowel.  It  may  occur  as  a  single, 
isolated  lesion,  or  there  may  be  several  gummata.  If  breaking  down  and 
ulceration  of  the  gumma  do  not  occur,  permanent  stricture  of  the  rectum  will  not 
result. 

A  dry,  brittle  condition  of  the  muco-cutaneous  tissues  about  the  anus  is  one 
of  the  most  frec^uent  manifestations  of  tertiary  syphilis.  A  very  similar  con- 
dition is  seen  in  atrophic  catarrh.  Ulcers  like  those  of  tertiary  syphilis  (dis- 
integrating gumma)  may  also  result  from  traumatism  and  from  necrosis  of 
tissues  due  to  endarteritis  obliterans. 

Ano-Rectal  Syphiloma  of  Fournier. — Fournier  *  describes,  under  this  name, 
a  specific  fibrous  infiltration  of  the  rectal  walls.  He  states  that  it  represents 
a  hyperplastic  proctitis,  with  a  tendency  to  sclerotic  change,  as  it  is  seen 
in  the  kidneys  and  other  organs  in  late  syphilis.  It  begins  in  the  sub- 
mucous tissue. 

Proliferating  Proctitis. — Paul  Hamonic  has  described  under  the  title  of  "De 
la  Rectite  proliferante  venerienne  et  non-venerienne  "  {Annales  Medico-Chirur- 
gicales  Francaises  et  etrangeres,  Vol.  II.,  p.  3,  1886)  what  he  considers  a  peculiar 
syphilide.  It  consists  of  a  growth  of  fragile  villous  prolongations,  which 
spring  from  the  mucous  membrane  of  the  rectum.  Kelsey  and  Tuttle  have 
each  reported  cases  of  this  character. 

The  treatment  of  tertiary  syphilis  of  the  anus  and  rectum  consists  in  the 
administration  of  the  iodides,  in  inunctions  or  hypodermic  injections  of  mercury, 
and  in  the  local  application  of  antiseptic  washes  and  dusting  powders. 

Hereditary  or  Congenital  Syphilis  of  the  Anus  and  Rectum. — Lesions  of  this 
nature  are  among  the  earliest  manifestations  of  this  form  of  the  disease;  they 
may  occur  at  any  time  after  birth,  up  to  several  years  of  age.  There  is  first 
observed  an  erythema  around  the  anal  margin;  the  skin  is  sHghtly  pigmented, 
red  or  copper-colored,  but  after  a  few  days  it  becomes  thickened,  and 
elevated;  then  a  thin,  sero-purulent  discharge  is  set  up,  which  soon  assumes  a 
fetid  odor. 

Actinomycosis. — Actinomycosis  is  exceedingly  rare  in  the  region  of  the  rectum. 
It  may  have  its  primary  seat  either  in  this  part  of  the  intestinal  canal  or  in  the 
perirectal  tissues. 

*"  Lesions  tertiaires  de  I'anus  et  rectum,"  Paris,  1875. 
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VL   FISSURE   IN   ANO;    IRRITABLE   OR  INTOLERABLE   ULCER  OF 

THE  ANUS. 

Nature  and  CJuwacteristics  of  the  Lesion. — A  fissiiiv,  as  the  word  implies,  is 
a  crack  or  break  in  the  tissues  which  may  occur  at  any  of  the  openings  of  the 
body,  but  in  medical  parlance  the  term  is  used  only  in  connection  with  the  anus. 
Technically,  the  fissure  occurs  only  in  the  sulci  between  the  radial  folds,  but 
it  may  spread  vertically  or  laterally.  It  is  distinct  from  those  destructive  types 
of  ulceration  which  have  been  described  in  the  previous  section.  It  occurs  at  all 
ages  and  in  all  conditions  of  life,  but  is  more  frequent  in  the  young.  In  congenital 
syphilis  it  is  a  very  common  symptom,  and  this  disease  furnishes  the  principal 
reason  why  fissure  in  ano  is  so  frequent  in  children.  There  may  be  several 
fissures  in  atrophic  catarrh,  gonorrha^a,  and  syphilis,  but  the  typical  painful 
fissure,  due  to  simple  ulceration,  is  nearly  always  single. 

AMiile  the  shape  of  the  ulcer  does  not  materially  influence  the  peculiar 
characteristics  of  a  fissure  in  ano,  and  although  the  shape  of  the  lesion  is 
influenced  almost  entirely  by  its  location  between  the  anal  folds  and  by  the 
extent  of  surface  involved  in  the  ulceration,  nevertheless  the  shape  differs 
sufficiently,  in  different  cases,  to  have  brought  about  some  confusion  in  the  names 
applied  to  the  disease,  as  appears  from  the  titles  placed  at  the  head  of  this 
section.  If  it  be  borne  in  mind  that  the  salient  features  of  the  lesion  have  nothing 
whatever  to  do  with  its  shape,  but  are  common  to  all  shapes  in  which  it  is  likely 
to  appear,  then  we  believe  that  the  differences  in  nomenclature  can  be  recon- 
ciled by  remembering  that  the  extent  of  surface  involved  and  its  location  are  the 
only  two  factors  that  cause  it  to  vary.  The  two  shapes  which  it  most  frequently 
assimies  are,  first,  the  elliptical,  and,  second,  the  irregularly  circular.  The 
elliptical  shape,  to  which  technically  the  name  fissure  is  most  applicable,  and  to 
which  it  should  be  restricted,  results  from  the  fact  that  the  ulcer  is  confined 
between  two  anal  folds.  (Fig.  325.)  On  the  other  hand,  the  irregular  circular 
shape  is  that  which  the  ulcer  assmnes  when  it  involves  more  than  one  of  the  anal 
folds ;  and  it  is  to  lesions  of  this  shape  that  the  term  irritable  ulcer  seems  most 
appHcable.     (Fig.  326.) 

At  the  lower  end  of  the  fissure  there  is  generally  a  hypertrophied  tag  of  skin, 
or  of  mucous  membrane  and  skin,  which  resembles  an  external  pile.  This  is 
always  veiy  sensitive  and  painful  and  is  called  the  sentinel  pile. 

Usual  Site  of  the  Fissure. — In  the  majority  of  instances  the  fissure  begins  just 
above  the  ano-rectal  line  and  extends  downward,  and,  while  it  may  occupy  any 
point  in  the  anal  circumference,  it  occurs  most  frequently — at  least  in  men — at 
the  posterior  commissure.  In  women  it  occurs  not  only  at  this  point,  but 
also  at  the  anterior  commissure.     It  rarely  occurs  on  either  side. 

Etiology. — The  essential  feature,  in  the  production  of  fissure  in  ano,  is  the 
formation  of  cicatricial  tissue,  w^hich,  being  non-elastic,  does  not  stretch  suffi- 
ciently when  a  constipated  stool  passes,  and  thus  causes  the  parts  to  split  open 
again  and  again  after  the  fissure  or  ulcer  heals,  unless  the  scar  tissue  has  been 
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removed.  This  is  why  palhative  treatment  offers  so  httle  encouragement, 
because,  even  if  it  prove  successful  in  effecting  the  heahng  of  the  ulcer,  the  latter 
is  likely  to  recur  when  the  first  constipated  stool  is  passed.  Surgical  operations 
may  result  in  the  production  of  fissure-like  ulcerations,  but,  not  having  any  scar 
tissue,  they  heal  up  promptly  and  permanently.  The  most  usual  exciting  cause 
of  fissure  in  ano  is  the  repeated  passage  of  hard  fecal  masses,  which  tear  through 
a  crypt  of  Morgagni.  It  is  the  repeated  recurrence  of  these  tears  that  brings 
about  the  peculiar  characteristics  of  an  anal  fissure,  a  certain  amount  of  scar 
tissue  forming  in  the  repeated  attempts  at  healing. 

Polypi  or  polypoid  hemorrhoids  are  frequently  associated  with  fissures,  and 
are  situated  at  the  upper  or  internal  end  of  the  fissure.  They  doubtless  stand 
to  each  other  in  the  relation  of  cause  and  effect,  the  fibrous  tissue  at  the  base  of 
the  polypus  not  yielding  to  the  necessary  dilatation  of  the  parts  in  the  passage 


Fig.  325.- 


-lUustrates  a  Fissure  in  Ano  with  an  Internal  Hemorrhoid  Overhanging  the  Upper 

Portion. 


of  a  constipated  movement.  A^Tiatever  may  be  the  direct  cause  of  the 
narrowing  of  the  anal  canal,  there  can  be  no  doubt  that  the  presence  of 
hemorrhoids,  both  by  narrowing  the  outlet  of  this  canal  and  by  producing 
changes  in  the  connective  tissue  of  the  parts,  favors  the  development  of  a  fissure. 
The  theory  advanced  by  Ball — ^that  typical  fissures  are  due  to  the  tearing  of 
the  crypts  of  Morgagni,  through  the  action  of  small  fecal  masses  which  become 
lodged  in  the  little  pockets,  and  which  then  in  turn  are  pressed  upon  by  other 
hard  fecal  masses,  thus  causing  the  edges  of  the  valves  to  tear — seems  to  be 
very  reasonable,  when  we  call  to  mind  how  frequently  w^e  find  the  typical  fissure 
corresponding  in  general  appearance  and  outline  Y\ath  the  condition  as  depicted 
in  Fig.  325.  This  theory  is  further  supported  by  the  frequency  wdth  which 
fissures  occur  on  either  side  of  the  posterior  commissure  in  men,  and,  in  addition, 
at  the  anterior  commissure  in  women,  at  which  localities  the  crypts  are  more 
highly  developed  than  elsewhere  in  the  rectum.  Moreover,  the  presence  of 
two  little  papillae  or  teats,  so  often  seen  on  the  mucous  border  of  the  fissure, 
would  suggest  the  tearing  through  of  the  muco-cutaneous  border — an  occurrence 
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which  is  hkcly  to  leave  Httle  tags  or  teats.  There  are  many  cases,  however, 
which  cannot  be  accounted  for  by  Ball's  theory. 

Pathology.— Tim  pathological  changes  vary  from  a  very  slight  tear  or  fissure 
to  a  deep  ulceration,  both  of  which  conditions  are  associated  with  fibrous 
infiltration  which  is  the  essential  pathological  feature  of  fissure  i7i  am.  This 
explains  the  readiness  with  which  they  tear.  Among  the  microscopic  changes 
which  M.  Hartmann  found  in  excised  fissures  (op.  dt.,  p.  442),  the  following 
is  worthy  of  note :— Deep  down  in  the  smooth  muscular  layer,  the  fibres  of  which 
were  more  or  less  separated  by  fibrous  tissue,  he  found  that  the  nerve-trunks, 
which  also  were  surrounded  by  this  same  tissue,  showed  evidences  of  interstitial 
and  intrafascicular  neuritis.  These  conditions  almost  certainly  account  for  the 
severe  and  persistent  pain  so  generally  characteristic  of  these  cases. 

Symptoms. — The  characteristic  symptom  of  fissure  in  ano  is  the  peculiar 


Fig.  326. — The  Drawing  Represents  an  Irritable  Ulcer  of  the  Anus. 

pain  which  attends  it,  and  which  continues  for  some  time  after  an  evacuation 
of  the  bowels.  There  is  no  disease  of  the  anus  or  rectum  in  which,  simply  from 
the  character  of  the  symptoms,  and  more  particularly  of  the  pain,  one  may, 
without  an  actual  examination,  make  as  correct  a  diagnosis  'as  in  fissure  in  am. 
The  patient,  as  a  rule,  feels  perfectly  comfortable  until  he  has  a  stool;  and, 
furthermore,  the  pain  does  not  ordinarily  follow  the  stool  immediately,  but 
comes  on  in  from  fifteen  to  twenty  minutes  thereafter.  This  pain  is  of  a  dull, 
aching  character,  and  it  soon  increases  until  it  becomes  almost  unbearable.  It 
maintains  this  degree  of  severity  for  several  hours,  and  then  it  gradually  sub- 
sides. In  exceptional  cases  the  pain  is  less  pronounced;  it  may  last  for  only 
a  few  minutes  after  the  stool,  to  recur  again  at  the  next  one;  each  time,  however, 
growing  more  severe  and  lasting  longer.  In  obtaining  the  history  of  the  case, 
one  is  sometimes  able  to  elicit  from  the  patient  the  statement  that  he  has  felt 
a  giving  way  or  tearing  of  the  parts  during  the  passage  of  a  constipated  stool, 
and  that  afterward  he  has  noted  the  fact  that  a  little  blood — generally  only  a 
few  drops — had  escaped  at  the  anus.     In  other  cases  the  patient  states  that 
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after  stools  he  has  had  an  itching  and  burning  at  the  anal  opening,  and  that  he 
has  a  small  pile  which  is  either  always  swollen  or  becomes  swollen  and  painful 
after  every  stool.  Constipation  is  nearly  always  present,  and  is  more  likely  to 
be  the  result  of  the  pain  that  follows  the  stool  than  of  some  condition  which 
existed  prior  to  the  formation  of  the  fissure,  although  the  latter  may  have 
begun  with  a  temporary  attack  of  constipation. 

A  fairly  clear  relationship  exists  between  the  character  and  severity  of  the 
pain,  on  the  one  hand,  and  the  location  and  extent  of  the  fissure.  The  acute 
pain  that  lasts  only  for  a  short  time  after  defecation,  is  due  to  superficial  tears 
in  the  muco-cutaneous  tissues;  the  pain  that  comes  on  just  after  stool  and  lasts 
for  half  an  hour,  or  more,  is  usually  due  to  ulceration  between  the  radial  folds; 
and  the  dull,  aching,  throbbing  pain,  which  does  not  develop  at  once  after  a 
stool,  but  is  first  observed  after  the  lapse  of  some  little  time,  and  which  lasts  for 
the  greater  part  of  the  day,  is  due  to  a  more  chronic  form  of  fissure,  one  which 
involves  the  deeper  tissues  and  is  provided  at  its  base  with  a  sort  of  sentinel 
in  the  form  of  a  tag.  As  a  rule,  the  acuteness  of  the  pain  is  in  direct  proportion 
to  the  nearness  of  the  ulcer  to  the  anal  margin. 

The  reflex  symptoms  accompanying  fissure  in  ano  are  often  numerous  and 
varied;  the  most  common  being  frequent  and  painful  micturition,  bearing-down 
pains,  backache,  neuralgic  pains  running  down  the  legs,  and  sometimes  occipital 
and  facial  neuralgia. 

Diagnosis. — While  the  character  of  the  pain. in  certain  cases  may  indicate 
fairly  well  the  character  of  the  trouble,  yet  the  only  definite  and  certain  way  of 
making  a  correct  diagnosis  is  by  a  careful  inspection  of  the  parts.  In  making 
such  an  examination  the  physician  should  be  very  careful  not  to  cause  any  more 
pain  than  is  absolutely  necessary.  The  examination  can  in  most  cases  be  made 
sufficiently  satisfactory  for  a  diagnosis  without  the  use  of  a  speculum, — i.e.,  by 
simply  directing  the  patient  to  bear  down  well  while  the  buttocks  are  being 
forcibly  separated.  This  is  true  especially  of  those  cases  in  which  the  hypertro- 
phied  tag  of  skin  bounds  the  lower  margin  of  the  fissure.  If  the  examination, 
however,  is  not  satisfactory,  then  an  Earle  or  a  Humphreys  speculum 
(virgin  size)  may  be  introduced  a  short  distance  into  the  anal  canal  in  such  a 
manner  as  to  push  the  wall  opposite  the  fissure  away  from  the  lesion.  If  this 
is  done  carefully  and  gently,  it  gives  rise  to  very  little  pain.  The  information 
gained  from  the  introduction  of  the  finger  in  these  cases  does  not  compensate 
for  the  amount  of  pain  which  it  causes.  One  good  view  of  the  ulcer  will  enable 
one  to  know  just  what  treatment  it  requires.  The  left  lateral  or  the  Sims 
position  is  the  best  one  for  a  patient  to  assume  for  this  examination.  In 
women,  when  the  fissure  is  on  the  anterior  anal  wall,  the  inspection  can  be 
made  much  more  satisfactorily  by  introducing  the  finger  into  the  vagina  and 
turning  the  anterior  wall  of  the  rectum  out. 

Differential  Diagnosis. — The  condition  known  as  hysterical  or  irritable 
rectum,  and  also  as  neuralgia  of  the  rectum,  may  be  mistaken  for  fissure.  It 
can  be  readily  differentiated  by  the  absence  of  any  fissure  or  local  sore  to  account 
for  the  irritability  and  pain. 
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As  the  straining  roconiniondod  above  for  Ijringing  into  view  tlie  fissure 
produces  pain  and  therefore  necessarily  inhibits  the  desired  effort,  and  inasmuch 
as  cocaine  in  sohition  exerts  very  little  anaesthetic  effect  when  applied  to  a 
granulating  surface,  we  would  advise  the  insufflation  of  powdered  ana^sthesine 
on  the  fissure  when  it  can  be  only  partially  seen.  One  may  also  inject  hypo- 
dermatically  a  few  drops  of  a  weak  solution  of  cocaine  underneath  the  base  of 
the  fissure.  In  this  way  the  desired  anaesthetic  effect  will  be  obtained  in  a  few 
minutes,  as  will  be  seen  by  the  gradual  relaxation  of  the  sphincter  and  the 
complete  exposure  of  the  fissure.  The  examiner  must  bear  in  mind  that  he 
has  to  deal  mth  one  of  the  most  exquisitely  sensitive  conditions  which  he  is  ever 
likely  to  meet,  and,  rather  than  take  the  risk  of  discouraging  the  patient  from 
having  anjiihing  done  for  his  relief, — as  he  would  be  likely  to  do  by  subjecting 
him  to  the  severe  pain  which  attends  a  thorough  examination, — he  would  do 
well  to  rest  content  at  first  with  the  simple  discovery  of  the  fissure,  and  not 
explore  above  it  for  complications  and  etiological  factors.  These  may  be  looked 
for,  and  dealt  with,  if  necessary,  when  the  patient  is  under  the  influence  of  the 
general  or  local  anaesthetic  administered  for  the  purpose  of  treating  the  fissure. 

Treatment. — Contrary  to  general  belief,  palliative  treatment  of  chronic  cases 
of  fissure  in  ano  is  time  worse  than  lost;  for  not  only  do  the  local  anodynes, 
which  are  necessary  for  the  relief  of  the  pain,  increase  the  constipation  (which 
in  turn  aggravates  the  most  pronounced  symptoms  that  we  are  trying  to  combat), 
but  they  leave  the  fibrous  tissue  absolutely  uninfluenced.  Consequently  the 
fissure,  which  may  possibly  have  undergone  superficial  healing  under  their 
quieting  influence,  will  again  be  torn  open  the  first  time  the  patient  has  a  con- 
stipated stool.  In  "\aew  of  the  fact,  however,  that  in  a  certain  number  of  cases 
the  patient  will  refuse  to  submit  to  any  operative  measures,  it  is  important  tG 
remember  that  it  is  possible  to  increase  his  comfort  materially  by  keeping  the 
evacuations  soft,  by  restricting  the  number  of  movements  to  one  in  twenty-four 
hours,  by  making  him  lie  down  for  half  an  hour  after  stool,  and  by  applying  a 
hot-water  bag  to  the  perineum.  For  the  regulation  of  the  bowels  moderate 
doses  of  the  fluid  extract  of  cascara  sagrada,  or  of  the  fluid  extract  of  senna, 
may  be  administered;  and  the  effect  of  these  remedies  may  be  increased  by  the 
emi^loyment  of  enemas  of  cotton-seed  oil  or  of  hot  water.  -  If  there  are  hem- 
orrhoids, a  cold-water  enema  will  relieve  the  congestion,  and  wall  serv^e  a  better 
purpose  than  the  warm.  The  diet  should  consist  largely  of  fruit  and  vegetables, 
in  order  to  encourage  the  formation  of  soft  and  mushy  stools.  Articles  with 
numerous  small  seeds,  like  berries,  etc.,  should  be  avoided.  Locally,  the  treat- 
ment consists,  first,  of  an  insuflflation  of  anaesthesine  directly  into  the  fissure,  for 
the  purpose  of  quieting  the  irritability  of  the  sphincter  muscle  and  thus  per- 
mitting the  more  thorough  application  of  those  remedies  wliich  induce  healing. 
After  the  lapse  of  a  few  minutes  a  pledget  of  cottori  soaked  in  pure  iclithyol  is 
applied  to  the  fissure,  which  is  exposed  to  view  by  holding  back  the  opposite 
waff  of  the  anal  orifice  -^ith  an  Earle  speculum.  These  applications  should  be 
made  once  every  day,  and,  if  care  is  taken  not  to  introduce  the  speculum  further 
than  is  necessary  to  expose  the  fissure,  the  procedure  will  not  cause  much  pain. 
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The  non-operative  treatment  of  fissures  should  be  undertaken  only  in  acute 
and  uncomplicated  cases. 

Operative  Treatment. — The  operative  methods  of  treating  fissure  in  ano 
include  forcible  dilatation,  incision,  and  excision.  At  the  present  day  probably 
the  large  majority  of  the  cases  which  are  treated  by  practitioners  who  are  not 
specialists  in  proctology  are  treated  by  dilatation.  The  patients  thus  treated 
are  doubtless  promptly  relieved  of  their  pain  and  other  distressing  symptoms, 
but  sooner  or  later  very  many  of  them  experience  a  return  of  the  trouble.  It 
is  for  this  reason  that  specialists  do  not  favor  this  method  of  treating,  and  their 
judgment  should  carry  weight,  as  their  opportunities  of  seeing  cases  which  have 
been  treated  by  dilatation  are  numerous. 

It  is  needless  to  say  that,  in  those  cases  in  which  there  is  a  polypus  at  the 
upper  angle  of  the  fissure,  stretching  alone  will  not  cure  the  disease;  the  fissure 


Fig.  327. — The  Shape  of  the  Incision  {A)  Required  in  tlie  Case  of  an  Anal  Fissure  is  here 
Shown.  At  the  upper  end  of  the  fissure  there  will  be  seen  a  hemorrhoid  {B)  to  which  a  ligature  has 
teen  applied. 

will  not  heal  permanently  unless  the  polypus  is  first  removed.  (Fig.  325.)  The 
same  may  be  said  of  the  sentinel  pile  at  the  lower  angle  of  the  fissure.  When 
one  recalls  to  mind  what  is  the  chief  factor  in  the  development  of  fissure  in  ano, 
— viz.,  the  formation  of  scar  tissue  in  the  adjacent  tissues, — ^there  is  no  difficulty 
in  understanding  why  the  condition  is  likely  to  recur  after  forcible  dilatation; 
for  in  this  procedure  the  fissure  is  merely  torn  through  at  its  base  and  made 
deeper,  while  the  scar  tissue  is  allowed  to  remain.  There  is  a  lack  of  agreement 
among  writers  with  regard  to  the  class  of  cases  in  which  dilatation  should  be 
practised.  AlHngham  states  that  it  is  the  safest  method  in  old  people,  in  those 
affected  with  tuberculosis,  and  in  persons  who  are  very  much  run  down.  Mat- 
thews, on  the  other  hand,  says  that  it  should  not  be  done  in  such  cases.  In 
support  of  Matthews'  position  one  has  only  to  recall  the  acknowledged  facts 
that  old  people  are  slow  in  recovering  their  muscular  tone,  and  that  they  bear 
suppurative  processes  badly.  If  these  facts  are  borne  in  mind,  it  is  easy  to 
understand  how  readily  incontinence  might   follow  forcible  divulsion  in  these 
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cases.  AMien  th(>  fissure  is  tuberculous  in  its  nature,  the  better  plan  is  not  to 
employ  either  forcible  dilatation  or  excision,  but  to  resort  to  the  use  of  the 
actual  cautery.  On  the  other  hand,  if  there  arc  multiple  fissures,  forcible  dila- 
tation is  always  advisable.  In  children,  who  usually  do  not  bear  local  treatment 
well,  this  procedure  is  very  successful,  except  in  those  cases  in  which  the  fissure 
is  of  a  syphilitic  nature . 

Techni(iuc'  of  the  Method  by  Dilatation. — Forcible  dilatation  of  the  sphincter 
ani  may  be  carried  out  in  several  different  ways.  For  example,  the  thumbs  of 
the  operator  may  be  introduced  into  the  rectum  while  his  fingers  are  made  to 
clasp  the  tuberosities  as  fulcra.  At  first,  the  stretching  is  effected  by  making 
the  thumbs  approach  the  fingers  as  thus  placed.  Then  afterward,  the  position 
of  the  fingers  having  been  changed  to  the  pubis  and  sacrum,  the  stretching  is 
done  in  an  antero-posterior  direction.  Another  method  calls  for  the  introduction 
of  the  fingers  into  the  rectum,  one  at  a  time,  until  all  four  shall  have  been  in- 
troduced. Then  they,  together  with  the  hand,  are  gradually  pushed  into  the 
canal  as  far  as  the  thumb  will  permit.  Among  the  different  mechanical  devices 
which  may  be  employed  for  accomplishing  the  same  end,  probably  the  best 
and  safest  is  Kelly's  conical  dilator.  Whichever  method  is  used,  care  should 
be  taken  to  carry  out  the  procedure  slowly  and  not  too  forcibly,  until  the  muscle 
is  felt  gradually  to  give  way  and  yield  under  the  pressure.  Even  when  the 
greatest  care  and  gentleness  are  employed,  almost  invariably  the  floor  of  the 
fissure  or  ulcer  will  be  found  torn  through;  and  the  good  results  obtained, 
particularly  as  regards  the  quieting  of  the  pain,  are  probably  due  more  to  this 
tearing  through  of  the  floor  of  the  fissure,  and  the  fibres  of  the  muscle  beneath, 
than  to  the  relaxation  of  the  muscle  brought  about  by  stretching  it.  The  dilata- 
tion is  generally  attended  with  some  hemorrhage,  but  this  is  never  alarming. 
The  length  of  time  during  which  the  muscle  remains  relaxed  and  quiet  varies; 
even  an  hour  after  the  divulsion  there  is  no  gaping  of  the  anal  orifice,  and  the 
muscle  will  respond  in  a  measure  to  stimulation.  At  the  end  of  sevent3^-two 
hours  sphincteric  control  will  be  restored  almost  completely. 

If  paralysis  of  the  sphincter  muscle  facilitates  the  healing  of  the  fissure, 
and  if  it  be  true,  as  it  seems  to  be,  that  the  muscle,  after  being  dilated,  very  soon 
regains  its  power  to  contract,  the  question  naturally  suggests  itself,  would  it  not 
be  better  to  introduce  a  plug  and  let  it  remain  for  forty-eight  hours?  Those 
who  have  tried  this  plan  (the  Lynch  tube  is  the  best  for  the  purpose)  think  well 
of  it,  and  affirm  that  the  patient  is  much  more  comfortable  with  the  plug  in 
position. 

Pennanent  incontinence  has  been  known  to  follow  forcible  dilatation  of  the 
anus.     Tuttle  has  had  such  a  result  in  two  cases. 

Treatment  of  Anal  Fissure  by  Incision. — The  second  method  for  operating 
for  anal  fissure  consists  in  incising  the  ulcer  or  fissure  through  its  base.  This 
plan  was  first  advocated  by  Boyer  in  1788.  He  claimed  that  the  fissure  was 
due  to  spasm  of  the  sphincter,  and  advised  the  complete  division  of  the  latter 
(as  well  as  of  the  ulcer)  in  order  to  control  the  spasmodic  contractions.  He 
did  not,  however,  advocate  cutting  the  muscle  through  the  base  of  the  ulcer  in 
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every  instance;  in  some  cases  he  divided  it  on  either  side  of  the  rectum.  He 
also  at  times  introduced  a  phig  and  kept  up  continuous  dilatation.  At  a  later 
date  others  held  that  it  was  only  necessary  to  divide  the  superficial  muscular 
fibres  directly  beneath  the  ulcer.  It  is  now  recognized  that  the  depth  of  the 
incision  and  the  precise  spot  where  it  is  to  be  made  are  matters  of  the  greatest 
importance.  It  should  be  extended  to  such  a  depth  as  to  put  the  muscle  com- 
pletely at  rest ;  and  it  should  be  made  through  the  floor  of  the  ulcer,  in  order  to 
avoid  the  risk  of  a  second  infection.  It  should  be  remembered,  however,  that 
these  directions  do  not  apply  to  ulcers  which  are  directly  over  the  anterior  or 
the  posterior  commissure.  In  the  latter,  for  example,  the  fibres  of  the  external 
sphincter  unite  in  a  sort  of  tendinous  prolongation  which  is  attached  to  the 
coccyx.  They  do  not  decussate  in  any  marked  degree  between  the  rectum  and 
the  coccyx.  When  the  ulcer  is  at  either  commissure  the  V-shaped  incision  is 
the  best,  as  it  puts  the  muscle  on  both  sides  of  the  fissure  at  rest.     (Fig.  327.) 

In  ordinary  cases  the  incision  should  be  a  httle  longer  than  the  fissure,  and 
about  a  quarter  of  an  inch  deeper  than  the  deepest  portion  of  the  ulcer.  The 
incision  should  be  made  squarely  across  the  muscle  fibres,  and  not  obHquely. 
The  incision  can  be  made  under  local  anaesthesia  produced  by  injections  of  a 
one-quarter  or  one-half  of  one-per-cent  solution  of  cocaine  (the  latter  strength 
being  preferable  if  only  a  small  quantity  is  to  be  used).  The  injection  should 
be  made  directly  beneath  the  floor  and  to  the  sides  of  the  ulcer,  care  being  taken 
to  use  a  sufficient  quantity  of  the  solution,  as  there  is  little  danger  from  such 
weak  preparations.  After  waiting  for  several  minutes  for  the  injection  to  take 
effect,  the  operator  should  introduce  an  Earle  or  a  Humphreys  speculum,  when 
he  will  have  no  difficulty  in  determining  the  exact  size  of  the  ulcer,  and  in  con- 
trolling the  length  and  depth  of  any  incision  which  he  may  make.  If,  at  such 
an  examination,  a  polypus  or  a  hemorrhoidal  tumor  (Fig.  325)  is  seen  at  the 
upper  angle,  or  a  sentinel  pile  at  the  lower  angle,  or  if  it  is  found  that  the  edges 
of  the  ulcer  are  indurated,  or  that  exuberant  granulations  are  present,  all  these 
abnormal  conditions  should  be  removed,  either  by  excising  them  or  by  the 
employment  of  a  sharp-edged  curette.  As  a  last  step,  the  incision  should  be 
packed  lightly  with  sterile  gauze.  The  patient  should  then,  as  a  matter  of 
pradence,  be  confined  to  his  bed  for  forty-eight  hours;  but,  if  there  are  urgent 
reasons  why  he  should  be  given  more  liberty,  he  may  be  allowed  to  walk  about 
in  a  few  hours. 

Treatment  of  Anal  Fissure  by  Excision. ^Reference  has  already  been  made, 
in  the  paragraphs  devoted  to  the  etiology  and  pathology  of  the  disease,  to  the 
fibrous  infiltration  of  the  tissues  and  to  the  tendency  to  the  formation  of  scar 
tissue  in  anal  fissures.  Furthermore,  in  certain  cases  operative  interference 
fails  to  reheve  the  pain,  and  this  is  especially  true  of  cases  in  w^hich  forcible 
divulsion  is  employed  without  removing  the  scar  tissue  at  the  same  time.  These 
facts  have  been  explained  by  the  histological  studies  of  Hartmann  (already 
referred  to  on  page  803),  which  demonstrate  that  such  a  patient  is  suffering, 
not  merely  from  an  ulceration  of  the  anus,  but  from  a  perineuritis  of  the  neroes 
located  beneath  the  ulcer.     Where  this  infiltration  is  pronounced,  as  in  the 
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chronic  form  oi  uk-cr.  iicitluT  ililatatioii.  imr  incision,  nor  any  method  that  does 
not  remove  the  scar  tissue,  will  relieve  the  condition.  It  is  for  these  reasons 
that  it  has  been  found  necessary  to  excise  the  ulcer  with  its  indurated  edges, 
and  then  to  dissect  out  the  scar  tissue  beneath.  The  wound  which  results  from 
such  an  operation  may  either  be  closed  by  catgiit  sutures  or  be  allowed  to  heal 
by  granulation.  If,  in  a  case  of  fissure  complicated  \\'ith  hemoiThoids,  the 
operator  decides  to  deal  with  the  latter  lesions  by  excising  and  suturing  them, 
then  it  would  be  as  well  to  close  up  the  wound  which  remains  after  excising  the 
fissure.  It  must  be  borne  in  mind,  however,  that  we  have  here  conditions  which 
closely  resemble  those  which  are  encountered  in  excising  and  closing  up  a 
fistulous  tract.  In  both  operations,  for  example,  there  will  be  an  infected  - 
woimd.  and  while  the  chances  of  piimar}'  union  are  rather  in  favor  of  the  wound 
left  after  the  excision  of  a  fissure,  yet  the  chances  of  success  are  not  so  good 
as  they  are  in  a  clean  wound.  In  the  majority  of  cases  in  which  the  wound  is 
closed  after  the  operation,  much  more  pain  is  likely  to  be  experienced  by  the 
patient  than  if  the  wound  is  left  open,  to  heal  by  granulation.  If  the  open 
wound  is  washed  out  with  a  mild  antiseptic  solution  three  or  four  times  daily, 
it  will  heal  very  promptly.  Tuttle,  in  his  '•'  Diseases  of  the  Anas,  Rectum,  and 
Pehic  Colon, ■■  reports  four  uncomplicated  cases  in  which  he  closed  the  wound 
immediately  after  the  completion  of  the  operation,  and  in  three  out  of  the  four  he 
got  piimaiy  luiion.  The  writer"^  has  closed  up  the  wound  in  many  cases  of 
this  nature  and  he  has  gotten  verv'  good  results  in  a  large  proportion  of  them :  but 
recently  he  has  in  most  cases  left  the  wound  open,  principally  on  account  of  the 
severity  of  the  pain  which  attends  and  follows  the  sewing.  If  the  wound  is  left 
open,  it  should  be  packed  lightly  with  sterile  gauze,  which  should  be  allowed  to 
remain  in  place  for  thirtv-six  hours.  Then  afterward  the  wound  should  be  irri- 
gated three  times  in  twenty-four  hours,  and  hydrogen  dioxide  should  be  intro- 
duced into  it  with  a  dropper. 

The  Complications  of  Fissure. 

Inflammator}'  processes  may  follow  any  operation  for  fissure,  or  the  woimd, 
after  having  closed  nicely,  may  be  torn  open  by  hard  scybalous  masses  of  fecal 
matter.  Great  care  shoidd  therefore  l^e  taken  to  maintain  the  wound  in  as  asep- 
tic a  conchtion  as  possible,  and  to  keep  the  stools  soft  for  some  weeks  after 
the  operation.  If  the  fissure  is  of  a  tuberculous  nature,  then  the  cutting  should 
be  done  by  the  actual  cauter}^ 

Incontinence  sometimes  results  from,  or  follows,  any  of  the  operations  for 
fissure.  It  generally  results  from  an  oblicjue  incision  of  the  sphincter  muscle — 
a  kind  of  incision  which  should  always  be  avoided.  When  it  follows  forcible 
dilatation  it  generally  is  due  to  too  rapid  or  too  great  di^iilsion,  or  to  the  fact 
that  the  stretching  is  done  in  veiy  old  or  ver\-  feeble  people. 

*  S.  T.  E. 
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\  II.    PERIANAL  AND   PERIRECTAL  ABSCESS. 

The  tissues  around  the  anal  margin  and  within  the  rectum  are  pecuUarly 
susceptible  to  inflammation  and  suppuration,  on  account  of  the  large  amount  of 
cellular  tissue,  the  abundance  of  the  blood-supply,  the  frequency  with  which 
abrasions  are  likely  to  occur,  and  the  continual  presence  of  septic  organisms. 

The  most  frequent  and  the  most  easily  explained  method  by  which  infection 
takes  place,  is  through  an  abrasion  in  the  mucous  membrane  or  the  skin,  the 
nature  and  depth  of  the  wound  having  very  little  to  do  with  the  extent  of  the 
infection.  The  character  of  the  infecting  organism,  especially  its  degree  of 
virulence,  and  the  resistance  of  the  tissues,  are  the  controlling  factors.  Infection 
frequently  takes  place  through  the  presence  of  thrombi  in  the  blood-vessels 
around  the  anal  margin,  these  thrombi  being  so  near  the  surface  and  the  tension 
in  the  tissues  over  them  being  so  great  that  small  areas  of  pressure-necrosis  are 
apt  to  make  their  appearance;  and  it  is  through  them  that  infection  takes  place. 
It  may  also  take  place  through  sebaceous  or  hair  follicles.  In  a  certain  number 
of  cases  in  which  the  deeper  perirectal  tissues  become  infected,  this  occurrence 
may  be  explained  by  the  assumption  that  the  rectal  wall  has  been  perforated 
by  some  sharp-pointed  foreign  substance  which  was  taken  in  with  the  food  or 
introduced  in  some  manner  into  the  rectum.  In  such  cases  one  would  always 
expect  to  find  some  connection  between  the  abscess  and  the  primary  wound  on 
the  rectal  wall;  yet  one  encounters  not  a  few  perirectal  and  pelvi-rectal  abscesses 
in  which  no  such  connection  with  the  rectum  can  be  traced  in  the  beginning,  and 
whose  source  of  infection  must  be  explained  in  some  other  way. 

The  arrangement  of  the  lymphatics,  as  shown  in  the  section  which  treats  of 
the  anatomy  of  the  rectum,  shows  that  the  superficial  vessels  of  this  system, 
which  surround  the  anus,  pass  upward  and  forward  on  the  perineum  to  join 
the  inguinal  lymph  nodes,  or  backward  to  join  those  which  are  located  behind 
the  sacrum.  Those  lymphatics  which  lie  at  a  greater  depth  pass  through  the 
ischio-rectal  spaces  to  join  the  hypogastric  lymph  nodes,  and  those  which 
surround  the  rectum  pass  upward  and  backward  to  join  the  sacral  and  vertebral 
IjTiiph  nodes.  It  is  known  that,  as  a  rule,  infection  travels  along  lymphatic 
vessels,  although  it  can  and  does  travel  along  blood-vessels  also.  Hence  a 
slight  superficial  wound  on  the  skin  or  on  the  mucous  membrane  of  these  parts 
becomes  the  door  of  entrance  for  the  infection .  It  is  taken  up  by  the  lymphatics 
and  passed  on  to  the  lymph  nodes  lying  in  the  deeper  tissues,  and  in  these  it 
becomes  arrested,  thus  affording  an  opportunity  for  the  organisms  to  multiply 
and  to  give  rise  to  the  formation  of  an  abscess.  The  wound  through  which  the 
infection  originally  gained  admission,  may  have  healed  within  twenty-four 
hours  of  its  infliction.  It  is  therefore  easy  to  understand  why  the  connection 
between  the  original  wound  and  the  abscess  can  rarely  be  traced.  The  same 
explanation  holds  good  for  the  origin  of  the  deeper-seated  abscesses;  and  the 
richness  of  the  lymphatic  network  in  this  locality,  as  well  as  the  frequency  with 
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which  these  vessels  are  injured,  affords  a  satisfactory  explanation  of  the  large 
number  of  abscesses  which  occur  here. 

A  simple  and  satisfactory  classification  of  these  abscesses  may  he  made  under 
the  general  heading  of  Cir('umscril)ed  and  Diffuse  Inflannnations.  as  follows: — 

I  1  Tegumentary. 

!  Superficial   abscesses.  -  Subtegumentary. 
!  (  Ischio-rectal  (Fig.  328). 

Circuni.scrilieil  iiifianiinations.  •' 

(  Retro-rectal  (Figs.  32,8  and  329). 

I  Deep  abscesses -  Superior  pelvi-rectal. 

L  '  Interstitial  or  submucous  (Fig.  329). 


Diffuse  inflammations. 


\  Diffuse  perirectal  cellulitis. 

/  Gangrenous  perirectal  cellulitis. 


Deep  Abscesses. 


The  distinction  between  the  superficial  and  deep  abscesses  is  to  be  found 
in  the  fact  that  the  former  develop  in  the  tissues  situated  beloAv  the  levator  ani 
muscle,  while  the  latter  develop  in  the  tissues  located  above  this  muscle.  Accord- 
ing to  recent  anatomical  investigations  three  spaces  exist  above  the  levator  ani 
muscle,  around  the  rectum.  The  two  lateral  ones  have  been  designated  by 
Richet  "the  superior  pelvi-rectal  spaces/'  and  the  posterior  one  "the  retro-rectal 
space."  This  latter  space  occupies  all  the  region  between  the  rectum  and  the 
anterior  surfaces  of  the  sacrimi  and  cocc^'x. 

.  The  blood-vessels  which  ramify  in  the  retro-rectal  space  come  from  the 
middle  and  lateral  sacral  arteries,  with  a  few  branches  which  are  given  off  from 
the  inferior  mesenteric.  The  blood-vessels  in  the  superior  pelvi-rectal  spaces 
come  from  the  hypogastric  artery  and  are  connected  with  the  general  circulation. 
The  IjTiiphatics  of  the  two  spaces  are  also  comparatively  distinct. 

With  sucli  distinct  anatomical  di\T[sions,  vascular  supply,  and  Ijairphatic 
distribution,  one  can  readily  understand  why  a  distinction  is  made  between  the 
circumscribed  inflammations  in  these  two  areas,  and  why  they  should  be  desig- 
nated retro-rectal  and  pehd-rectal  abscesses. 

The  interstitial  abscesses,  which  represent  a  class  apart,  develop  in  the 
muscular  or  cellular  tissues  of  the  buttocks  at  points  more  or  less  distant  from 
the  rectum. 

Diffuse  Septic  Periproctitis. 

Diffuse  septic  periproctitis  was  m-et  with  quite  frequently  before  the  days  of 
antiseptic  surgeiy ;  it  followed  an  injury  to,  or  some  operation  upon,  the  rectum. 
To-day  it  is  a  rare  occurrence,  unless  preceded  b}^  perforation  of  the  rectal  wall, 
and  yet  the  walls  of  the  rectum  and  anus  are  rarely  involved  in  the  destructive 
process.  It  is  a  very  acute  inflammation,  essentially  septic,  and  very  virulent 
in  character,  and  involves  the  perirectal  tissues,  especialh^  those  of  the  retro- 
rectal and  ischio-rectal  spaces.  It  ma}^  invade  the  pehi-rectal  spaces  and  even 
the  peritoneum.     The  resulting  peritonitis  is  of  an  intense  septic  type. 
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Idiopathic  Gangrenous  Periproctitis. 

Under  the  title  of  idiopathic  gangrenous  periproctitis  Furneaux  Jordan* 
has  described  a  very  unusual  type  of  perirectal  inflammation.  It  consists  in  a 
slowly  extending  cellulitis  which  is  not  attended  with  much  swelling  or  pain. 
It  develops  usually  without  any  previous  injury,  although  it  may  follow  surgical 
operations  about  the  rectum.  It  resembles  very  much  the  condition  produced 
by  urinary  infiltration  of  the  perineum.  It  occurs  generally  in  high  livers  and 
drinkers,  and  all  the  cases  so  far  reported  have  been  in  males. 

Etiology. — Perianal  and  perirectal  abscesses  are  always  due,  directly  or  in- 
directly, to  infection,  which  may  find  its  \vay  to  the  point  of  abscess  develop- 
ment, either  through  an  abrasion  of  the  surface  or  through  the  agency  of  the 
circulating  blood,  the  vitality  of  the  tissues  of  that  locality  having  been  lowered 
artificially  or  possessing  naturally  feeble  powers  of  resistance. 

Symptoms. — The  symptoms  and  signs  are  similar  to  those  attending  the 
formation  of  pus  elsewhere  in  the  body,  viz.,  fever,  redness,  swelling,  and  pain. 
As  these  abscesses  are  generally  large,  the  formation  of  pus  is  very  likely  to  be 
attended  with  constitutional  symptoms,  such  as  a  distinct  rigor,  or  at  least  a 
feeling  of  chilliness,  a  rise  of  temperature,  accelerated  pulse,  and  headache.  If 
the  swelling  and  redness  are  not  apparent  to  the  eye  in  the  early  stages,  the 
induration  may  be  readily  felt.  As  might  be  expected  from  what  has  already 
been  said  of  the  readiness  with  which  the  infection  may  spread  from  one  space 
to  another,  the  inflammatory  process  sometimes  extends  around  the  entire  anus 
and  rectum,  and  through  the  perineum  to  the  scrotum.  Such  occurrences, 
however,  are  only  likely  to  follow  in  those  cases  in  which  early  and  free  opening 
of  the  abscess  cavity  has  been  neglected,  or  in  which,  after  the  abscess  has  been 
opened,  proper  drainage  and  cleanliness  have  not  been  maintained. 

If  there  has  been  any  delay  in  opening  the  abscess,  the  pus  is  likely  to  be 
very  fetid.  The  disgusting  odor  is  not  due,  as  is  often  supposed,  to  any  direct 
connection  with  the  rectum,  but  most  likely  to  the  character  of  one  of  the  pus- 
forming  organisms  which  are  very  common  in  this  locality.  The  same  may  be 
said  of  the  gas  that  sometimes  escapes  with  the  pus. 

With  the  free  discharge  of  pus  from  one  of  these  abscesses,  all  the  symptoms 
enumerated  above  subside,  and  as  a  rule  permanently,  unless  the  infection 
extends  to  one  of  the  other  cellular  spaces,  when  they  all  return  to  a  greater  or 
less  degree.  Their  reappearance  should  always  excite  suspicion  of  an  extension 
of  the  infection.  All  the  physical  conditions  and  local  symptoms  of  an  ischio- 
rectal abscess  may  occur  from  hemorrhage  into  the  spaces,  without  the  extra- 
vasated  blood  becoming  infected.  When  these  local  signs  appear  without  the 
constitutional  symptoms,  one  may  expect  to  find  either  the  lesion  to  which 
reference  has  just  been  made  or  a  subacute  tuberculous  process. 

Treatment. — The  making  of  a  free  incision  at  the  earliest  possible  moment  is 
conceded  by  all  surgeons  to  be  the  proper  thing  to  do,  even  at  the  risk  of  an- 

*  British  Medical  Journal,  January  18th,  1879,  p.  73. 


SURGICAL   DISEASES   OF  THE   ANUS   AND   RECTUM.        813 

ticipating  the  fonnation  of  pus.  If  thu  ab.scc'ss  is  located  at  a  considerable  depth 
in  the  tissues,  then  a  one-half-of-one-per-cent  solution  of  cocaine  may  be  injected 
before  the  incision  is  made;  but,  if  it  occupies  a  superficial  position,  the  cocaine 
may  be  dispensed  with.  The  external  incision  should  exceed  in  length  the 
diameter  of  the  abscess  cavity,  so  as  to  furnish  free  drainage,  and  it  should  be 
carried  well  outside  the  sphincter  muscle. 

After  the  abscess  has  been  opened,  the  finger  should  be  introduced  into  the 
cavity,  and  the  trabecula3  and  necrotic  tissue  broken  down.  Light  scraping 
with  a  dull  curette  may  be  necessary  to  clean  out  the  debris,  but  care  should 
be  taken  not  to  extend  the  scraping  to  healthy  tissues.     After  the  scraping, 


Fig.  328. — The  Drawing  Shows  the  Different  Kinds  of  Rectal  Abscess.     A,  Ischio-rectal ;  B,  sub- 
mucous;  C,  retro-rectal.      (Earle  and  Tuttle.)    - 


the  cavity  should  be  thoroughly  irrigated  with  l-in-1,000  solution  of  bichloride 
of  mercury,  or  wiped  out  first  with  pure  carbolic  acid  and  then  with  alcohol. 
If  there  is  much  oozing  of  blood,  the  ca\dty  should  be  tightly  packed  with  gauze 
for  the  following  twenty-four  hours;  after  which,  the  gauze  should  be  removed 
to  allow  the  walls  of  the  cavity  to  collapse,  in  order  to  facilitate  rapid  union. 

Drainage  may  be  kept  up  by  a  light  tampon  of  gauze  or  by  rubber  tubing. 
^Miere  both  ischio-rectal  fossse  are  the  seats  of  abscesses,  that  on  one  side  ma}^ 
be  opened  b}^  a  short  incision — barely  long  enough  to  drain  the  abscess,  while 
that  on  the  other  side  ma}^  be  opened  by  a  very  free  incision,  which  should  extend 
as  far  as  to  the  posterior  commissure ;  and  if  there  exists  a  fistulous  opening 
into  the  rectum,  which  is  likely  to  be  the  case,  that  also  should  be  laid  open. 
In  every  instance,  great  care  should  be  taken  to  ascertain  whether  or  not  there 
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is  a  communication  between  the  abscess  cavity  and  the  rectum.  Unless  such 
a  channel  of  communication  is  opened,  the  abscess  cavity  and  the  connecting 
tract  will  not  heal  permanently. 

'\^^len  these  abscesses  open  spontaneously  into  the  rectum  or  anus  they 
constitute  what  is  known  as  blind  internal  fistulie  and  should  be  treated  as  such. 


Fig.  329. — The  Drawing  Shows  the  Presence  of  a  Retro-Rectal  Abscess  Above  the  Line  of  At- 
tachment of  the  Levator  Ani  Muscle.  A,  Main  cavity  of  the  abscess;  B,  the  point  where  a  fistula 
leading  from  the  abscess  opens  near  the  anal  orifice;  C,  the  point  where  a  second  fistula  opens  into 
the  lower  part  of  the  rectum.     (Earle  and  Tuttle.) 

There  is  reason  to  believe  that,  when  perforation  into  the  rectum  does  occur, 
after  the  abscess  cavity  has  been  opened,  it  is  due  to  imperfect  technique  in 
operating.  Probably  one  of  the  best  means  of  preventing  this  accident  is  to 
stretch  the  sphincter  ani  gently,  after  opening  the  abscess  cavity.  Such  stretch- 
ing relieves  the  muscular  spasm,  allows  the  gases  and  feces  to  come  away  un- 
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obstnicted,  and  thus  relieves  the  thin  rectal  wall  of  any  undue  pressure.  For 
the  same  reason  it  is  better,  after  stret(•hin^■  the  sphincter,  to  introduce  and 
leave  in  the  rectum  a  hync-h's  tulje  or  a  piece  of  stout  rul)ljer  tubing. 


VIII.  THE  DIFFERENT  KINDS  OF  FISTUL.E  WHICH  COMMUNICATE 
AVITH   THE   RECTUM   OR   THE   ANUS. 

General  Re:\iarks. — AA'ith  the  exception  of  those  cases  which  are  the 
result  of  a  punctured  wound  that  extends  from  the  external  surface  to  the 
rectal  cavity,  all  fistula?  originate  in  abscess  ca\'ities  or  some  similar  foci  of 
infection.  Every  recent  abscess  canity,  whether  the  opening  is  external  to  or 
within  the  rectum,  forms  a  sinus  which  may^  heal  completely  in  a  short  time; 
but,  if  it  fails  to  do  so,  it  is  termed  a  fistula,  even  though  it  should  ha^'C  but  one 
opening. 

Fistul^e  are  complete  and  incomplete.  Incomplete  fistulse  are  those  which 
have  but  one  opening.  They  are  further  subdivided  into  external  and  mternal 
incomplete  fistulie.  Complete  fistukie  are  those  wliich  have  both  an  external 
and  an  internal  opening.  (Fig.  330.)  They  are  also  classified,  in  accordance 
with  the  character  of  the  tissues  in  which  they  appear,  as  subcutaneous  fistulae, 
submuco-cutaneous  fistula^,  and  submucous  hstuhr.  (Fig.  33U)  These  fistulous 
tracts  may  make  connection  with  some  other  canal  or  organ.  They  may  also 
be  simple,  or  specific,  according  to  the  character  of  the  cause  which  originally 
gave  rise  to  the  abscess. 

One  cannot  resist  the  conviction  that  the  failure  of  nearly  all  fistulte  in  ano — 
the  blind  external,  the  blind  internal,  and  the  complete — to  heal  spontaneously 
is  due  to  the  fact  that  they  are  constantly  reinfected  from  their  connection  with 
the  rectmii.  With  regard  to  the  blind  external  fistulse  we  are  con\'inced  that, 
although  it  may  not  be  practicable  to  demonstrate  the  actual  channel  of  com- 
munication with  the  rectum,  such  a  communication  nevertheless  really  exists. 

Ulceration  and  burrowing  from  the  base  of  the  mucous  membrane  of  the 
diverticuli  in  the  rectimi  and  pehdc  colon  are  said  by  Cniveilhicr  ^  and  others 
to  be  the  point  of  departure  for  blind  internal  fistulse. 

Statistics  show  that  ano-rectal  fistuk^  are  more  prevalent  in  males  and  are 
observed  more  frequenth'  in  middle  life. 

The  relation  of  tuberculosis  to  ano-rectal  fistulae  is  still  an  unsettled  question. 
That  a  large  percentage  (from  forty  to  fifty)  of  fistulse  are  tuberculous,  has 
been  frequently  demonstrated  by  finding  the  tubercle  bacilli  in  scrapings  and 
in  the  tissue  removed  from  the  fistulse;  but  whether,  in  such  cases,  the  fistula 
is  the  primary  or  the  secondary  focus  is  the  point  in  doubt.  There  is  a  much 
more  general  agreement  with  regard  to  the  percentage  (from  one  to  five)  of 
fistulse  that  occur  in  the  tuberculous.  The  fact  that  the  presence  of  the  tubercle 
bacilli  in  fistulse  is  so  much  more  frequent  than  the  occurrence  of  fistulse  in 
tuberculous  subjects,  makes  it  very  probable  that  primary  tuberculosis  does 

*  ■•  Anat.  patli.  generale  "  Paris.  1S49,  page  549. 
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occur  in  these  parts.  Notwithstanding  the  observations  of  Koch  to  the  contrary, 
modern  observers  have  conckided  that  inoculation  of  the  tissues  in  and  around 
the  rectum  may  take  place  directly  through  injuries  and  abrasions,  the  tubercle 
bacilli  which  are  taken  in  with  the  food  and  passed  through  the  alimentary 
canal  acting  the  part  of  infective  agents.  If  it  can  once  be  clearly  established 
that  the  rectal  manifestations  of  the  tuberculosis  is,  in  certain  cases,  the  initial 
and  only  focus  of  the  disease,  then  this  fact — taken  in  connection  with  the 
further  fact  that  this  focus  is  in  most  cases  absolutely  walled  off  (see  p.  792) — 
should  have  a  most  important  bearing  on  the  management  of  these  cases. 
So  far  as  is  definitely  known,  syphilis  is  related  to  ano-rectal  fistulse  only, 


Fig.  330.- 


-lllustrates  Certain  Forms  of  Anal  Fistula, 
internal  fistula;    C,  complete  fistula. 


A,  Blind  external  fistula;    B,    blind 
(Earle  and  Tuttle.) 


or  chiefly,  in  regard  to  the  strictures  which  it  may  cause.  In  these  cases  the 
fistulse  are  due  to  perforation  of  the  rectal  wall  by  ulcerative  processes  of  a 
non-syphilitic  nature,  and  then  subsequently  the  perirectal  tissues  become  in- 
fected with  syphilis. 

Ano-Rectal  Fistula. — An  ano-rectal  fistula  represents  an  abnormal  channel 
of  communication  between  the  anus  or  the  rectum  and  the  surrounding  tissues 
or  the  surface  of  the  neighboring  skin. 

Symftoms  and  Diagnosis. — The  symptoms  should  not  include  the  acute 
manifestations  which  attend  the  formation  of  the  abscess,  but  only  those  phe- 
nomena which  are  generally  observed  in  connection  with  the  fistula  after  it  has 
formed.  After  the  evacuation  of  the  pus  has  caused  a  subsidence  of  the 
acute  inflammatory  symptoms  of  the  abscess,  the  healing  process,  instead  of 
progressing,  as  is  usual  under  such  conditions,  until  the  cavity  is  entirely  closed, 
gives  place,  first,  to  a  subacute,  then  to  a  chronic  form  of  inflammation.  The 
pain  ceases,  the  redness  subsides,  and  the  swelling  is  limited  to  the  base  of  the 
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abscess  cavity  and  to  the  iinmediate  siiiTOiindings  of  the  fistulous  tract  and 
opcniiug.  The  discharge  diminishes  very  much  in  quantity  and  changes  from 
a  thick  creamy  to  a  thin  ichorous  pus;  it  may  cease  for  a  few  days  on  account 
of  a  temporary  closure  of  the  opening,  and  then  the  swelling,  some  redness,  and 
the  pain  return,  to  remain  until  the  discharge  is  re-established. 

Upon  palpation  one  can  feel  thc^  induration  at  the  base  of  the  abscess  cavity, 
along  the  fistulous  tract,  and  around  thi^  opening,  in  which  locality  it  is  especially 
well  marked . 

The  sym})toms  vary  in  certain  particulars  in  the  different  varieties  of  fistulse. 
For  example,  in  the  blind  internal  fistulae  they  are  much  more  obscure;    the 


Fig.  3.31. — The  Dra-«-ing  Shows  Two  Different  Varieties  of  Anal  Fistula.     A,  Complete  submvicous 
fistula;  5,  complete  subaponeurotic  fistula.     (Earle  and  Tuttle.) 

pain  is  more  acute;  there  is  often  spasm  of  the  sphincter,  with  a  sense  of  fulness 
in  the  rectum;  and  in  some  cases  the  patient  experiences  a  slight  chill.  These 
symptoms  are  followed  by  a  discharge  of  pus,  which,  however,  affords  only 
partial  relief,  because  as  a  rule  the  opening  is  located  above  the  most  dependent 
portion  of  the  fistulous  tract,  and  consequently  can  only  partially  empty  the 
latter.  Usually  it  is  possible  to  locate  the  opening  simply  by  the  sense  of 
touch.  If  this  fails,  however,  a  one-bladed  speculum  should  be  introduced, 
when  the  pus  can  be  seen  coming  out  of  the  opening.  A  bent  probe  can  then 
be  introduced  into  the  latter  and  the  depth  and  direction  of  the  tract  ascer- 
tained. 

In  making  the  examination  for  a  fistulous  opening  on  the  surface,  one  should 
very  carefully  inspect  the  parts,  as  such  openings  are  sometimes  very  small  or 
they  are  so  concealed  between  the  anal  folds  as  to  be  very  likely  to  escape 
recognition.  In  tuberculous  subtegumentary  fistuhie  the  opening  may  be  in 
the  midst  or  at  the  margin  of  a  ragged  ulceration.  By  the  aid  of  the  probe  and 
VOL.  VII. — 52 
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by  palpation,  however,  the  principal  facts  can  generally  be  ascertained,  but  it 
is  almost  impossible  to  judge  of  the  full  extent  of  the  trouble  until  the  patient 
is  under  the  unfluence  of  a  general  anaesthetic  and  the  fistulous  tracts,  with 
their  blind  sinuses,  have  been  laid  open.  It  is  therefore  wise  not  to  give  an 
opinion  with  regard  to  the  extent  or  the  character  of  a  fistula  until  after  the 
operation.  If  it  is  not  possible  to  find  the  internal  opening  with  the  probe  that 
has  been  passed  as  far  as  it  will  go  into  the  fistulous  tract,  while  at  the  same 
time  the  tip  of  this  instrument  can  be  distinctly  felt  directly  beneath  the  mucous 
membrane,  one  should  lay  the  fistulous  tract  open  from  without  up  to  this  point, 
and  through  this  widened  aperture  make  further  search,  on  account  of  the  strong 
probability  that  the  communication  with  the  rectum  really  does  exist  notwith- 
standing our  inability  to  find  it.        • 

If  the  surgeon  has  been  unable  to  determine  the  origin  of  the  fistula  before- 
hand, it  is  very  important  that  he  should  do  so  during  the  operation,  as  in 
many  cases  this  lesion  originates  in  some  adjoining  organ  or  canal,  and  it  is 
absolutely  necessary,  if  the  operation  is  to  be  successful,  to  reach  and  remove  the 
cause  of  the  disease.  The  history,  in  many  cases,  is  likely  to  shed  much  light 
upon  the  origin  of  the  fistula. 

The  most  important  pathological  factors  are  tuberculosis,  syphilis,  and 
carcinoma.  Blind  external  fistulas  may  be  due  to  necrosis  of  one  of  the  pelvic 
bones.  The  diagnosis  of  any  one  of  these  diseases  should  be  confirmed  by 
the  microscopical  findings. 

Prognosis. — The  prognosis  will  depend  upon  the  pathological' nature  of 
the  fistula,  the  constitutional  condition  of  the  patient,  and  the  amount  of  deep 
tissue  involved.  The  success  obtained  in  the  cure  of  fistulse  is  not  nearly  so 
good  as  is  frec|uently  represented  in  books;  and,  besides,  they  require  the  best 
of  attention  and  care,  after  the  operation,  before  they  can  be  pronounced  ab- 
solutely cured.  In  not  a  few  cases  what  seems  to  be  a  perfect  cure  turns  out  to 
be  an  imperfect  one.  Careful  watching  for  a  period  of  several  weeks  after  an 
apparent  cure  is  therefore  a  necessity  in  these  cases. 

Treatment. — Non-Operative  Methods  of  Treating  Ano-Rectal  Fistula^.. — By 
whatever  method  we  undertake  to  treat  this  disease,  it  is  always  necessary  to 
establish  free  drainage;  and,  in  order  to  secure  this,  a  slight  incision,  for  the 
purpose  of  enlarging  the  fistulous  opening,  should  always  be  made.  Afterward, 
the  fistulous  tract  should  be  curetted  or  else  cauterized,  and  the  sphincter 
should  be  dilated.  These  comparatively  simple  measures  will  frequently 
effect  a  cure  in  the  case  of  a  blind  external  fistula.  A  cure  may  also  be  effected 
by  distending  the  fistulous  tract  with  a  saturated  solution  of  silver  nitrate 
(960  grains  to  the  fluid  ounce).  Bennett  states  that  he  has  successfully  em- 
ployed this  method  in  quite  a  large  number  of  cases  of  complete  fistula,  stretch- 
ing of  the  sphincter  being  employed  at  the  same  time.  Goodsall  and  Miles 
advocate  it  in  all  cases  of  complete  fistula  in  which  the  internal  opening  is 
situated  above  the  internal  sphincter.  In  treating  internal  fistulas  without 
operative  measures  it  is  best  to  keep  the  stools  well  formed,  in  order  to  diminish 
the  risk  of  infection  from  some  part  of  the  fluid  stool  passing  into  the  fistulous 


SURGICAL   DISEASES   OF  THE  ANUS   AND  RI*]CTUM.         819 

tract  by  way  of  th(>  internal  opening.  The  advisability  of  trying  such  conserva- 
tive methods  of  treatment  before  resorting  to  an  operation  which  involves  the 
cutting  of  the  sphincters  is  unquestionably  wise,  for  Qvcn  though  they  should 
fail  to  give  permanent  relief,  they  will  cei-tainly  bring  the  fistula  into  a  much 
better  condition  for  a  radical  operation.  These  conservative  methods  should 
be  tried  for  a  period  of  from  six  to  eight  weeks;  and,  if  by  that  time  they  have 
failed  to  (effect  the  desired  cure,  one  need  not  hesitate  to  resort  to  a  radical 
operation. 

Operative  Methods  of  Treating  Ano-Rectal  Fistulm. — The  three  methods  that 
will  be  considered  under  this  heading  are  those  by  incision,  by  excision  alone,  and 
b}^  excision  with  immediate  closure  of  the  wound  by  suture.  For  any  of  these 
operations  the  patient  should  be  carefully  prepared  after  the  customary  methods 
for  rectal  operations,  as  heretofore  described,  and  in  addition  the  fistulous  tract 
should  be  injected  several  times  daily — for  several  days,  if  time  will  permit — 
with  a  fifty-per-cent  solution  of  hydrogen  dioxide.  If  the  tract  occupies  a  super- 
ficial position  and  is  not  too  extensive,  the  operation  may  be  done  with  the 
aid  only  of  a  local  anesthetic;  but,  inasmuch  as  it  is  almost  im.possible  to  form 
a  correct  opinion  about  the  extent  of  a  fistula  until  the  direct  portion  of  the 
tract  has  been  laid  open,  it  is  far  more  satisfactory,  in  these  cases,  to  give  a 
general  anaesthetic,  unless  there  is  some  special  contra-indication.  After  the 
patient  is  under  the  influence  of  the  anaesthetic,  the  sphincter  should  be  thor- 
oughly stretched,  and  the  rectum  inspected  for  ulcerations  and  for  the  internal 
opening  of  the  fistula.  The  upper  part  of  the  rectum  is  then  packed  with 
gauze  to  protect  the  field  of  operation.  , 

Operative  Technique  of  the  Method  by  Incision. — ^^'^len  one  incises  a  blind 
external  fistula  he  should  make  the  incision  in  a  curving  direction,  parallel 
with,  but  either  outside  or  inside  the  external  sphincter  muscle,  and  he  should 
make  it  long  enough  to  drain  the  cavity  thoroughly.  In  the  case  of  a  complete 
fistula,  the  tract  should  be  opened  by  an  incision  extending  down  to  the  external 
sphincter  on  the  outside.  Then  a  grooved  director  is  passed  through  the  re- 
maining portion  of  the  tract,  out  through  the  internal  opening,  and  upon 
this  director  the  tissues — including  those  fibres  of  the  exte'rnal  sphincter  which 
are  external  to  the  fistula — are  divided  at  right  angles  to  the  sphincter  muscle. 
A  careful  search  should  next  be  made  with  a  fine  probe  for  any  diverticula  or 
sinuses  extending  from  the  main  tract,  and,  if  such  are  found,  they  in  turn 
should  be  laid  open  with  the  knife.  All  connective-tissue  bands  should  be 
broken  down,  and  the  granulation  tissue  in  the  fistulous  tract  should  be  thor- 
oughl}^  removed  by  scraping  with  a  curette.  Inasmuch  as  we  now  know  that 
many  of  these  fistula?  are  tuberculous,  and  as  it  is  very  difficult  to  make  the 
diagnosis  until  after  the  scrapings  from  the  tract  have  been  properly  examined, 
— which  can  be  done  only  after  the  operation, — it  is.  safer  to  abolish  entirely  a 
recommendation  which  has  heretofore  been  considered  good,  viz.,  either  to 
scarify  through  the  fibrous  floor  of  the  tract  in  numerous  places  or  to  dissect  out 
the  scar  tissue  entirely.  All  spurting  vessels  should  be  tied  and  the  wound  should 
be  packed  tightly  with  sterile  gauze  to  control  the  oozing  and  to  keep  the  edges 
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of  the  freshly-cut  wound  apart.  The  patient  is  not  Ukely  to  require  more  than 
one  hypodermic  injection  of  morphia  (gr.  I)  to  control  the  pain  that  follows 
the  operation.  The  packing  should  be  allowed  to  remain  in  the  wound  for 
not  more  than  from  thirty-sLx  to  forty-eight  hours;  after  which  it  should  not  be 
replaced,  but  only  sufficient  gauze  should  be  inserted  between  the  edges  of  the 
wound  to  keep  them  separated  and  to  serve  the  purpose  of  drainage.  In  our 
estimation  this  is  a  very  uxiportant  point,  and  we  believe  that  tight  packing, 
renewed  repeatedly  for  several  weeks,  is  a  most  fruitful  cause  of  the  incontinence 
of  faeces  which  often  follows  these  operations;  this  result  being  produced  by  the 
keeping  of  the  cut  ends  of  the  sphincter  muscle  so  far  apart  during  this  long 
period  and  thus  allowing  the  intervening  space  to  become  filled  with  scar  tissue. 

After  the  first  packing  is  removed  the  wound  should  be  well  irrigated  with 
an  antiseptic  solution  several  times  daily. 

It  is  surprising  how  promptly  such  wounds  heal.  In  all  complete  fistula? 
it  is  very  miportant  to  lay  open  thoroughly  the  entire  tract  as  far  as  the  internal 
opening,  and  not  to  make  a  false  one  at  some  distance  from  the  one  which 
already  exists;  for  failure  will  surely  follow  such  a  step,  owing  to  the  fact  that 
it  will  furnish  a  new  channel  through  which  infection  may  reach  the  tissues  from 
the  rectum.  As  soon  as  his  strength  ^\ill  permit,  the  patient  should  be  allowed 
to  leave  his  bed  after  an  operation  for  fistula ;  and,  in  the  large  majority  of  cases, 
he  will  be  able  to  do  this  in  from  two  to  three  days.  While  this  is  a  matter  of 
importance  in  the  ordinary  cases,  it  is  still  more  so  in  patients  who  are  tuber- 
culous or  who  have  a  fistula  which  is  tuberculous.  The  wound  drains  much 
better  when  the  patient  is  in  the  erect  position,  and  the  good  effect  on  the 
patient's  general  condition,  as  is  showm  by  the  more  rapid  healing  of  the  wound, 
fully  waiTants  the  taking  of  such  a  step — ^that  is,  allowing  him  to  leave  his  bed. 

Operative  Techniciue  of  the  Method  by  Simple  Excision. — This  method 
aims  at  the  absolute  eradication  of  all  the  diseased  tissues,  and,  if  the  dissection 
is  so  carefully  conducted  as  not  to  destroy  much  of  the  sphincter  muscle,  it  ^^ill 
generally  give  excellent  results.  It  is  especially  applicable  to  old  cases  in 
which  there  is  a  large  amount  of  cicatricial  tissue.  The  adoption  of  the  method 
is  available  even  though  the  edges  of  the  resulting  wound  cannot  be  accurately 
approximated  by  sutures.  Tuttle,  in  his  work  on  "  Diseases  of  the  Anus, 
Rectimi,  and  Pelvic  Colon,"  says  (page  391)  that  he  has  succeeded  in  curing  by 
this  method  a  number  of  such  cases  in  wliich  simple  incision  had  utterly  failed. 

Operative  Technique  of  the  Method  by  Excision  with  Immediate  Suture. — • 
This  method  was  first  originally  mtroduced  by  Cassaignac  in  1856,  and  was  re- 
vived by  Dr.  Stephen  Smith,  of  Bellevue  Hospital,  New  York,  in  1879.  It  is 
applicable  only  to  cases  of  complete  fistula,  and  not  to  those  in  which  the  fistula 
extends  high  up  in  the  pehd-rectal  or  retro-rectal  space.  The  general  and  local 
preparation  of  the  patient  for  the  operation  must  be  scrupulously  carried  out,  and 
the  sphincter  thoroughly  stretched  under  a  general  anaesthetic.  A  silver  probe 
or  a  silver  'v\ire,  having  first  been  passed  through  the  fistula,  should  be  bent  upon 
itself  and  held  as  a  loop  for  traction  purposes.  The  skin  and  mucous  membrane 
ccverins;  the   fistulous   tract   should   be   incised   in   a  straight   line   from  the 
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external  to  the  internal  oi)eninii-.  and  tlisseeted  back  a  little  to  each  side.  The 
dissection  should  then  be  continued  down  an-d  undiTiieath  the  fistulous  tract. 
AMiile  this  work  is  proceeding,  traction  should  be  made  on  the  bent  probe  or 
wire  until  the  entire  fistulous  tract,  with  its  infiltrated  base,  has  been  dissected 
free  from  the  surrounding  tissues.  In  carrying  out  the  dissection  one  should 
exercise  great  care  not  to  open  into  the  fistulous  tract.  If  such  an  accident 
should  happen,  the  dissecting  instrument  should  be  changed  at  once,  and  the 
healthy  tissues  should  be  protected  by  sterile  gauze.  Having  removed  the 
entire  fistulous  tract,  the  operator  should  then  introduce  into  the  wound  (but 
without  tying  their  ends)  interrupted,  buried,  silkworm-gut  sutures  as  bracers; 
and,  for  the  purpose  of  approximating  the  edges  of  the  wound  throughout  its 
entire  depth,  he  should  introduce,  in  addition,  deep  mattress  sutures  of  plain 
catgut.  He  next  should  bring  the  cut  ends  of  the  sphincter  together  by  means 
of  internipted  sutures.  Finally,  he  should  unite  the  skin  edges  of  the  wound 
by  means  of  a  continuous  suture,  and  at  the  same  time  should  tie  the  deep 
interrupted,  silkworm-gut  sutures.  The  final  seahng  of  the  wound  is  effected 
by  means  of  iodoformized  collodion.  In  order  to  protect  the  wound  from 
infected  discharges  coming  down  from  above,  the  mucous  membrane  at  the 
upper  and  inner  angle  of  the  wound  should  be  dissected  up  for  a  short  distance 
and  the  edges  of  the  flap  should  be  rounded  off,  pulled  down,  and  stitched  to 
the  skin  edges  of  the  wound,  a  short  distance  below  the  margin  of  the  anus. 
It  is  also  better  to  introduce  a  drainage  tube  into  the  rectimi  for  a  few  days. 
The  patient  should  be  kept  in  l^ed  absolutely  for  six  or  seven  days,  and  his  bowels 
should  be  confined  for  the  same  length  of  tune  by  means  of  opiates.  Before  a 
movement  is  pemiitted,  the  rectum  should  first  be  emptied  b}^  an  enema  of 
gljTerin  and  a  solution  of  ox  gall,  and  then  a  laxative  should  be  given.  In 
cases  where  it  has  been  found  necessary  to  make  an  extensive  dissection,  it  is 
well  to  bind  the  buttocks  together  by  means  of  adhesive  straps,  and  to  hold  the 
knees  together  by  means  of  a  suitable  bandage,  in  order  to  restrict  the  patient's 
movements  and  to  prevent  the  stitches  from  cutting  out. 

If  this  method  proves  successful,  a  great  deal  of  time  and  exhaustion  are 
saved  and  much  better  functional  results  are  obtained.  The  objection  generally 
urged  against  the  method  is  that  the  wound  frecjuently  fails  to  unite  by  primary 
union  AMiile  granting  that  this  does  sometimes  occur,  I  maintain  that  even 
then  the  wound  is  in  a  better  condition  for  prompt  healing  than  if  the  open 
method  had  been  used. 

In  the  application  of  this  principle  of  excision  ^^ith  suture  to  the  different 
varieties  of  fistula,  the  chief  difficulty  encountered  is  that  of  distinginshing 
between  the  simple  and  the  specific  t^'pes  of  the  disease  which  causes  them. 
Failure  to  obtain  successful  results  from  operating  upon  these  cases  of  fistula 
is  also  due  in  considerable  measure  to  the  fact  that  the  internal  opening  of  the 
fistula  is  not  found. 

In  sunple  subtegumentary  cases  of  blind  internal  fistula  it  is  feasible  to  con- 
vert the  incomplete  into  the  complete  variety  by  cutting  down  upon  a  probe 
that  has  been  passed  through  the  internal  opening  and  is  made  to  impinge  upon 
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the  floor  of  the  fistula.  After  this  has  been  clone,  the  fistula  can  be  given  a  chance 
to  heal  under  stimulating  and  antiseptic  injections;  or,  if  this  plan  proves 
unsuccessful,  the  fistula  can  be  excised  in  the  manner  described  above  for  the 
complete  variety.  If  the  fistulous  tract  should  be  found  to  extend  high  up 
under  the  mucous  membrane  of  the  rectum,  the  following  plan  may  be 
adopted  for  avoiding  the  risk  of  serious  hemorrhage: — One  blade  of  a  pair 
of  long  pressure  forceps  may  be  introduced  into  the  tract,  while  the  other 
blade  remains  free  in  the  rectum.  They  are  then  closed  on  the  intervening 
mucous  membrane  and  allowed  to  remain  undisturbed  until  they  have  cut 
their  way  through  it. 

Great  care  should  be  taken  to  lay  open  all  sinuses  and  divergent  tracts.  If 
the  burrowing  beneath  the  mucous  membrane  extends  above  the  internal  open- 
ing, it  is  not  necessary  to  slit  up  the  mucous  membrane  above  the  internal 
opening  if  it  runs  at  such  an  angle  as  to  drain  well,  and  if  at  the  same  time  the 
sphincter  has  been  well  stretched,  so  as  to  put  the  parts  at  rest.  If,  however, 
the  burrowing  tract  involves  only  the  mucous  membrane  of  the  lower  rectum, 
then  it  would  be  better  to  open  it  up  in  all  directions. 

Modification  of  the  Operative  Method  in  Cases  in  which  the  Fistula  is  Found 
to  be  Tuberculous. — If  the  fistula  is  tuberculous,  or  even  if  it  is  merely  suspected 
of  being  thus  affected,  a  cautery  knife  should  always  be  used  for  laying  it  open 
and  also  for  destroying  the  granulation  tissue  which  is  commonly  present  in  the 
fistulous  tract.  At  the  risk  of  repeating  something  which  has  already  been 
stated  I  will  call  attention  to  the  necessity  of  making  the  distinction  between 
a  tuberculous  fistula  and  a  simple  fistula  in  a  tuberculous  subject.  It  is  not 
advisable  to  undertake  anything  like  a  radical  operation  in  a  person  who  is 
tuberculous,  especially  while  he  is  the  subject  of  a  febrile  reaction.  But  when 
such  a  person  has  a  fistula  in  ano  which  is  draining  badly,  is  discharging  a  large 
c|uantity  of  pus,  and  is  causing  a  great  deal  of  pain,  we  are  perfectly  justified 
in  enlarging  the  external  opening  freely  with  a  thermo-cautery  knife,  so  as  to 
drain  the  fistulous  channel  freely  and  to  allow  it  to  be  thoroughly  irrigated 
with  antiseptic  solutions.  The  conditions  in  a  tuberculous  fistula — i.e.,  where 
the  tuberculosis  is  localized — are  entirely  different.  Here  the  chief  object  to 
be  borne  in  mind  is  how  to  eradicate  the  local  disease  without  the  risk  of  giving 
rise  to  a  general  infection.  That  such  a  risk  is  imminent  has  been  shown  by 
Tuttle  in  his  work  on  "Diseases  of  the  Anus,  Rectum,  and  Pelvic  Colon,"  where 
he  has  reported  five  such  cases;  and  Dr.  Arthur  Hebb,  of  Baltimore,  has  recently 
reported  a  similar  case.  In  this  connection  I  would  refer  the  reader  to  what 
I  have  written  in  connection  with  the  pathology  of  tuberculous  abscesses,  and 
especially  to  the  statement  that  nature  protects  herself  in  these  cases  against 
infection,  by  throwing  up  barriers  of  fibrous  tissue  around  these  abscess  cavities 
and  their  resultant  fistulse.  (See  page  792.)  In  operating  on  tuberculous  fistula^ 
(or,  as  stated  above,  even  on  suspected  cases),  a  thermo-  or  a  galvano-cautery 
knife  should  always  be  used  for  cutting  through  the  perifistulous  tissues  and  for 
cauterizing  the  granulation  tissue  in  the  floor  and  walls  of  the  fistulous  tract, 
but  the  fibrous  barrier  should  never  be  burnt  through  or  scarified.     Since  I  have 
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adopted  this  rule  in  practice  I  have  been  surprised  at  the  rapidity  with  which 
these  wounds  heal. 

Complex  Fistulas. — Complex  fistuhe  are  those  which  ha\'e  lateral  burrow- 
ing tracts;  they  are  known  as  water-pot  fistuhe,  horseshoe  fistula?,  and  fistuke 
originating  in  diseased  bone.  They  result  from  the  fact  that  the  abscess,  being 
left  to  open  spontaneously,  seeks  an  outlet  for  its  pus  in  many  directions. 

Goodsall  pointed  out,  many  years  ago,  the  laws  which  govern  the  extension 
of  ano-rectal  fistulous  tracts.  "Those  in  the  anterior  quadrant  find  their 
way  directl}^  into  the  anus  or  rectum,  the  internal  opening  being  found  generally 
almost  perpendicularly  over  the  external  opening.  Those  in  the  posterior 
quadrant  extend  circularly  around  the  anus  and  generall}^  open  at  some  point 
near  the  posterior  commissure.  Subtegumentary  fistul^e  open  at  any  point  on 
the  anal  circumference,  and  may  burrow  subcutaneously  in  all  directions,  be- 
cause there  are  no  connective-tissue  walls  to  obstruct  them.  Those  situated 
anteriorly  are  likely  to  extend  forward  into  the  perineum  and  scrotum,  or 
upward  into  the  cruro-scrotal  fold.  Those  situated  posteriorly  burrow  outward 
into  the  iDuttocks  or  upward  l:)ehind  the  coccyx  and  sacrum,  beneath  the  skin." 

Water-pot  Fistulce. — When  a  fistula  has  existed  for  some  time  with  defective 
drainage,  numerous  tracts  with  separate  external  openings  are  likely  to  form. 
The  fact  that  there  are  several  external  openings  does  not  imply  that  there 
are  a  corresponding  number  of  internal  openings,  although  doubtless  some 
relationship  does  exist  between  the  aggregate  sizes  of  the  two  sets  of  openings 
and  the  resisting  power  of  the  patient.  Goodsall  and  i\Iiles  have  pointed  out 
(p.  117),  ''that  ordinarily,  in  cases  with  numerous  external  openings,  we  shall  find 
a  large  internal  opening,  generally  betw^een  the  two  sphincters." 

FistulcB  with  More  than  One  Internal  Opening. — This  variety  is  very  much 
rarer  than  the  preceding.  There  may  be  two  internal  openings  connected  with 
two  distinct  fistulae,  or  there  may  be  two  or  more  internal  openings  connected 
with  only  one  external  opening. 

Fistulce.  Originating  in  Diseased  Bone. — Necrosis  of  the  bones  of  the  pehis 
or  of  the  spinal  vertebrae  gives  rise  to  abscesses  which  result  in  fistulae  that  fre- 
quently open  in  the  perianal  region  or  in  the  rectum.  Those  which  originate 
in  disease  of  the  coccyx  or  sacrum  usually  open  in  the  posterior  quadrants  of 
the  perineum  and  frequently  involve  the  retro-rectal  space,  while  those  which 
originate  in  other  bones  of  the  pelvis  generally  open  in  the  anterior  quadrants 
of  the  perineum  and  into  the  rectum.  There  ma}^  be  both  an  internal  and  an 
external  opening  in  the  same  subject,  and  the  former  should  alwaj's  be  looked 
for,  even  where  the  latter  is  present.  The  white,  creamy  character  of  the 
pus,  the  persistency  of  the  cHscharge  despite  free  drainage  and  frequent  irriga- 
tions, and  the  historj'  of  the  case,  vdW  generally  indicate  the  source  of  the  dis- 
charge. 

As  tuberculous  disease  is  usualh^  the  main  trouble  in  these  cases,  the  most 
that  can  be  done,  as  a  rule,  is  to  secure  free  drainage,  to  employ  frequent  irriga- 
tions, and  to  do  whatever  may  be  necessary  to  improve  the  patient's  general 
condition. 
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Horseshoe  Fistulce. — ^Mien  the  fistula  extends  around  the  anterior  or  pos- 
terior commissure  of  the  anus,  it  is  called  a  horseshoe  fistula.  When  a 
fistula  of  this  character  has  resulted  from  true  abscesses,  one  in  each  ischio- 
rectal fossa,  by  an  extension  from  one  to  the  other,  there  may  be  an  exter- 
nal opening  on  each  side,  with  only  one  internal  opening.  Then,  again,  it  may 
have  several  external  openings,  with  one  or  two  internal  openings  or  "with  no 
internal  opening.  The  internal  opening  is  likely  to  be  at  the  posterior  com- 
missure, just  above  the  margin  of  the  external  sphincter.  It  is  generally  con- 
ceded that  this  type  of  fistula  is  rarely  tuberculous;  that,  when  it  is  situated 
posteriorly,  it  is  generally  submuscular;  and  that,  when  it  is  situated  anteriorly, 
it  is  subtegumentary.  The  latter  situation  is  necessitated  by  the  fact  that 
there  is  no  deep  tract  of  cellular  tissue  between  the  perineal  body  and  the  anus. 

Treatment  of  Complex  Ano-Rectal  Fistula. — As  different  procedures 
are  required  for  the  different  fonns,  we  will  consider  them  in  separate  paragraphs. 

(a)  Treatment  Required  in  Water-pot  FistidcE. — As  a  general  rule,  it  is  ad- 
visable to  open  all  of  the  fistulous  tracts  into  one,  the  tongues  of  skin  between 
the  tracts  being  preserved  to  hasten  cicatrization — if  the  patient's  strength  will 
permit  such  protraction  of  the  operation.  But  if  it  be  deemed  best  not  to  adopt 
this  course,  then  it  may  be  practicable  to  lay  open  the  sinus  from  the  internal 
to  the  main  external  opening,  no  attempt  being  made  at  the  time  to  deal  v^ith 
the  other  tracts.  With  the  lapse  of  time  and  by  the  aid  of  stimulating  applica- 
tions, these  tracts  (the  primary  source  of  infection  having  been  removed)  may 
heal.  In  many  of  these  cases  it  vAW  be  found  that  the  patient  is  affected  with 
constitutional  syphilis,  and  that  consequently  the  employment  of  mercury 
and  potassiimi  iodide  will  materially  increase  the  chances  of  success  in  treat- 
ment. 

(b)  Treatment  Required  in  Horseshoe  Fistulce. — In  subtegumentar}^  cases 
the  treatment  consists  in  either  incising  every  portion  of  the  fistulous  tract 
and  establishing  thorough  drainage,  or  in  excising  completely  the  infected 
tissues.  If  the  fistula,  however,  is  of  the  submuscular  variety,  it  would  be 
unwise  to  lay  open  both  anus  of  the  tract  at  the  same  time.  The  better 
plan  is  first  to  lay  open  completely  one  portion  of  the  tract;  the  treatment  of 
the  other  portion  being  restricted  for  the  time  being  to  thorough  drainage  and 
the  application  of  stimulating  remedies.  Then  if,  after  the  portion  operated 
upon  has  healed,  decided  improvement  shall  not  have  taken  place  in  the  other 
portion,  it  is  advisable  to  operate  upon  this  also. 

When  a  horseshoe  fistula  crosses  the  anterior  commissure  it  may  be  dealt 
with  either  by  the  open  method  or  by  excision,  with  immediate  suture  of 
the  edges  of  the  wound,  care  being  taken  to  preserve  intact  the  raphe,  as  ab- 
scesses in  the  anterior  quadrant  of  the  rectum  usually  open  low  down.  In  the 
case  of  women  care  should  be  taken  not  to  destroy  too  much  of  the  perineal 
body.  Where  the  horseshoe  fistula  is  situated  posteriorly,  in  which  location  it 
has  only  one  internal  opening,  it  is  generally  better  to  lay  the  entire  tract  open, 
to  scrape  its  internal  surface  thoroughly  or  to  chssect  out  all  cicatricial  tissues, 
and  then  to  pack  and  dress  the  wound  in  the  manner  ah'eady  recommended. 
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Where  the  tistulous  tract  extends  entirely  aronud  the  rectum  and  an  outlet  has 
formed,  it  ma}^  l)c  found  desirable,  if  the  resulting  retraction  of  the  rectum 
causes  inconvenience,  to  dissect  out  the  cicatricial  tissue,  to  loosen  the  anus 
and  lower  part  of  the  rectum  from  their  attachments,  and  then  to  bring 
these  structures  down  to  a  point  where  they  may  be  sutured  in  their  normal 
position. 

In  those  cases  in  which  the  comjilex  fistula  is  situated  sui^erficially,  excision 
with  innnediate  suture  may  be  done.  AMiere  the  fistulous  tract  extends  for  a 
long  distance  out  on  the  buttocks  and  possesses  only  one  external  opening,  it 
is  better,  instead  of  laying  open  the  entire  tract,  to  make,  at  intervals  of  a  few 
inches,  counter-openings  through  which  the  tract  may  be  curetted,  drained, 
and  frequently  irrigated  with  antiseptic  solutions.  ^Mien  the  external  open- 
ing is  located  near  the  anal  margin,  it  is  well  to  incise  the  tissues  which  inter- 
vene between  the  external  and  internal  openings  and  to  treat  the  fistulous 
tract  thus  laid  open  in  the  manner  already  described  as  appropriate  for  cases 
of  complete  fistula. 

Complications  Attending  and  Following  Operations  for  Fistula  in 
Ano  and  their  Treatment. — These  complications  may  be  divided  into  two 
classes — the  immediate  and  the  secondary;  the  immediate  occurring  during 
the  operation,  the  secondary  after  it.  Among  the  former  the  one  which  occurs 
most  frequently  is  the  discharge  of  fecal  contents  over  the  field  of  operation, 
during  the  progress  of  an  excision  with  immediate  suture.  Strange  as  it  may 
seem,  this  annoying  occurrence  does  not  exclude  the  possibility  of  union  of  the 
edges  of  the  wound  b}^  first  intention,  provided  proper  cleansing  of  the  parts  is 
done  without  delay.  The  most  reasonable  explanation  of  this  is  that  the  tissues 
thus  soiled  have  already  at  the  time  of  the  occurrence  become  inured  to  the 
discharges  to  which  they  are  constantly  exposed.  As  a  means  of  preventing 
such  an  accident  the  bowels  should  be  thoroughly  emptied  from  twelve  to 
tw^enty-four  hours  before  the  operation,  and  in  addition  the  rectum  should  be 
well  irrigated  several  hours  before.  The  bowTls  may  be  still  further  controlled 
by  giving  a  hypodermic  injection  of  morphia  an  hour  before  the  operation, 
and  the  accident  may  be  guarded  against  by  thoroughly  packing  the  rectum 
with  gauze  at  the  very  beginning  of  the  operation. 

Hemorrhage  is  another  complication  which  may  attend  or  follow  an  opera- 
tion. Such  an  occurrence,  however,  scarcely  needs  to  be  considered  here,  as 
it  is  not  likely  to  take  place  if  ordinary  precautions  are  taken.  At  the  same 
time  it  should  be  remembered  that  this  accident  is  more  likely  to  occur  after 
the  use  of  local  anesthetics,  and  consequently  it  is  desirable  that  the  patient 
should  be  kept  quiet  for  several  hours  after  an  operation  which  has  been  per- 
formed with  the  aid  of  a  local  anaesthetic. 

Secondary  complications  may  occur  either  early  or  late.  Among  those 
w^hich  are  likely  to  occur  early  are  shock,  secondary  hemorrhage,  retention  of 
urine,  and  sepsis.  In  feeble  and  depressed  subjects,  shock  is  veiy  likely  to 
follow  operations  for  deep-seated  and  extensive  fistula  which  are  attended  with 
considerable  loss  of  blood,  or  in  which  the  thermo-cautery  has  been  used  ex- 
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tensively.  The  best  way  of  combating  shock  is  probably  to  administer  mor- 
phia and  nitroglycerin  hypodermically. 

Secondary  hemorrhage  is  likely  to  be  quite  formidable  when  it  takes  place 
within  the  rectum.  It  may  occur  in  the  form  of  a  simple  but  excessive  oozing. 
^^Tlen  the  blood  escapes  from  a  large  vessel,  it  will  be  better  to  apply  a  liga- 
ture to  the  latter,  if  it  can  be  found,  even  if  it  should  be  necessary  to  adminis- 
ter a  general  ana?sthetic  for  this  purpose  If  the  bleeding  is  due  only  to  exces- 
sive oozing,  packing,  especially  with  gauze  wrung  out  of  very  hot  water,  or 
the  application  of  a  styptic,  will  be  likely  to  control  it. 

Retention  of  urine  may  be  relieved  by  applying  cloths  wrung  out  of  hot 
water  to_  the  pubes  and  perineum,  or  by  the  use  of  the  catheter. 

Sepsis  is  likely  to  show  itself  by  the  third  day,  and  will  probably  be  depend- 
ent either  upon  a  circumscribed  abscess,  or  upon  a  diffuse  periproctitis,  either 
of  which  conditions  requires  a  free  incision  and  drainage. 

Among  the  complications  which  occur  at  a  late  stage,  by  far  the  most 
important  is  incontinence  of  feces.  This  result  is  not  nearly  so  frequent  as 
formerly — chiefly,  we  believe,  because  the  former  practice  of  prolonged  tight 
packing  of  the  fistulous  tract  has,  in  a  large  measure,  been  discontinued.  The 
methods  which  are  now  employed  in  operating  on  extensive  fistula  are  more 
conservative  than  they  used  to  be.  It  is  now  the  custom  to  irrigate  wounds  of 
this  character  quite  frequently  with  antiseptic  solutions;  and,  finally,  operators 
are  now  careful  to  cut  the  sphincter  at  right  angles,  only  once  at  a  sitting,  and 
to  sew  the  cut  ends  together  when  practicable. 

Fecal  Incontinence. — "\ATiere  the  incontinence  is  only  partial  much  relief 
may  be  obtained  by  the  use  of  galvanism,  hot  fomentations,  and  the  repeated 
passage  of  medium-sized  bougies — a  procedure  which  promotes  the  absorption 
of  cicatricial  tissue. 

The  restoration  of  the  continuity  of  the  sphincter  muscle  is  by  far  the  most 
satisfactory  method  of  reheving  fecal  incontinence.  Just  how  much  can  be 
accomplished  by  this  means  depends  upon  how  much  muscular  tissue  has  been 
destroyed  in  the  original  operation  and  by  the  subsequent  sloughing;  it  also 
depends  secondarily  upon  the  length  of  time  which  has  elapsed  since  the  first 
operation.  The  most  important  factor  in  the  production  of  incontinence  is 
the  imperfect  union  of  the  sphincter  muscle,  as  shown  in  Fig.  332.  As  will 
there  be  seen,  the  distance  between  the  fixed  portions  of  the  muscle  has  been 
so  increased  that  even  the  voluntary  contraction  of  the  muscle  will  not  entirely 
close  the  anal  orifice.  It  is  perfectly  evident,  therefore,  that  the  thing  needed 
is  to  bring  the  cut  ends  of  the  muscle  into  apposition  and  hold  them  there  until 
union  shall  have  taken  place.  The  fines  A,  B,  C  in  Fig.  332  show  how  the 
V-shaped  piece  should  be  taken  out  in  order  to  bring  the  cut  ends  of  the  sphinc- 
ter into  direct  apposition.  After  the  cut  ends  of  the  sphincter  have  been  sutured 
together,  the  mucous  membrane  should  be  brought  down  from  above  over  the 
apex  of  the  wound,  to  protect  it  from  infection  by  the  intestinal  contents.  A 
silver- wire  suture  should  be  passed  around  the  closed  wound;  to  give  support 
to  those  sutures  which  are  already  in  place,  and  it  should  not  be  removed  until 
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union  shall  have  taken  place  between  the  ends  of  the  muscle.  The  bowels 
should  be  ke]3t  confined  for  six  or  eight  days,  and  when  a  movement  is  per- 
mitted it  should  be  secured  by  an  injection  of  oil  and  glycerin.  The  buttocks 
shoidd  be  strapped  together,  and  the  patient  confined  to  bed  until  after  the 
bowels  have  been  moved.  If  the  internal  sphincter  ha,s  also  been  cut  and  its 
ends  separated  by  the  first  operation,  their  union  should  be  effected  in  the 
manner  ^-hich  has  just  been  described  (except  that  it  is  not  necessary  here  to 
employ  the  silver-wire  suture). 

AMiere  the  sphincter  muscle  has  been  divided  in  more  than  one  place  it  is 
advisable  to  perform  the  repair  operation  in  two  stages,  three  or  fom*  weeks 
apart.  If  the  muscle  fibres  have  become  atrophied  from  long  disuse,  little  can 
be  accomplished  by  bringing  the  cut  ends  of  the  sphincter  together.     How- 


FiG.  332. — The  Drawing  Shows  how  Scar  Tissue  has  Caused  Imperfect  Union  of  the  Spliincter 
Muscle.  The  plan  advocated  for  curing  tliis  defect  calls  for  the  removal  of  a  V-shaped  jiiece  by  two 
converging  incisions  (A  B  and  B  C).     (Earle  and  Tuttle.) 


ever,  Dr.  Chetw^ood,  of  New  York,  has  succeeded,  in  one  case  of  this  nature, 
in  restoring  the  functional  activity  of  the  anus  by  a  most  ingenious  plastic 
operation.  (See  Tuttle  on  ''Diseases  of  the  Anus,  Rectum,  and  Pelvic  Colon," 
p.  417.)  He  made  a  large  semicircular  incision  which  extended  from  one  tuber- 
osity to  the  other,  and  the  convex  portion  of  which  was  directed  backward 
tow^ard  the  coccyx  and  a  Httle  beyond  it.  ''The  flap  thus  made  was  turned 
forward,  and  the  fatty  tissue  dissected  away  until  the  lower  end  of  the  rectum 
and  the  edges  of  the  glutei  muscles  were  exposed.  A  ribbon-shaped  piece  of 
muscular  tissue,  about  one-quarter  of  an  inch  in  breadth  and  one-sixteenth  of 
an  inch  in  tliickness,  was  then  dissected  from  the  gluteus  muscle  on  each  side, 
leaving  them  attached  to  the  coccyx.  The  ribbon-shaped  bands  were  made  to 
cross  each  other  beneath  the  ligamentous  attachment  of  the  anus  to  the  coc- 
C3^x  (Fig.  333) ;  they  were  then  made  to  encircle  the  rectum,  and  meet  anteriorly 
beneath  the  skin,  the  cellular  tissue  having  been  perforated  by  dull  dissection. 
(Fig.  334.)  At  this  point  they  were  sutured  with  chromicized  catgut.  A  very 
small  remnant  of  the  sphincter  was  found  on  each  side  of  the  rectum,  and  to  this 
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the  new  muscular  strips  were  attached  by  sutures.  The  original  flap  was  then 
sutured  back  in  position,  and  the  wound  closed  with  aseptic  precautions.  The 
patient  made  an  uneventful  recovery,  and  in  one  year  from  the  time  of  the  last 
operation  the  newly  made  sphincter  exercised  sufficient  control  on  the  bowel 
to  retain  its  contents  under  all  conditions."  Tuttle  has  employed  this  method 
in  five  cases,  in  three  of  which  the  results  were  excellent;  in  the  other  two, 
however,  little  improvement  was  obtained. 

Where  protracted  suppuration  and  persistent  burrowing  continue, — whether 
from  general  or  from  local  conditions,  it  matters  not, — no  plastic  work  for  the 


Fig.  333. — Chetwood's  Operation  for  Fecal  Incontinence.      (From    Tuttle:    "  Diseases   of   the  Anus, 
Rectum,  and  Pelvic  Colon."     D.  Appleton  &  Co.,  New  York.) 


correction  of  compHcations,  especially  for  incontinence  of  feces,  should  be  under- 
taken. Where  the  superficial  edges  of  the  wound  adhere  before  the  fistulous 
tract  itself  heals  from  the  bottom,  such  adhesions  should  always  be  broken  up, 
and  the  wound  made  to  heal  from  the  bottom. 

Of  all  operations  on  the  rectum,  those  for  fistulse  call  for  the  most  persistent 
efforts  in  the  after-treatment,  and  he  who  gives  these  cases  the  most  care  and 
personal  attention,  will  be  most  successful  in  their  treatment. 

Anal  or  Rectal  Urinary  Fistulse,  and  Perineal  Urinary  Fistulse. — Under  this 
head  belong  recto-ureteral,  recto-urcthral,  recto-vesical,  and  perineo-urethral 
fistula3. 
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(a)  Perineo-urethml  Fistulce. — These  fistulas  originate  in  the  urinary  tract, 
burrow  backward,  and  open  on  the  perineum  in  close  proximity  to  the  anus, 
thus  simulating  ano-rcctal  fistuhe.  They  owe  their  origin  to  some  disease  in 
the  bulbous  portion  of  the  urethra  or  in  Cowj^er's  glands,  the  infection  coming 
from  a  gonorrhoea,  from  a  tuberculosis  of  Cowper's  glands,  or  from  trauma- 
tism. Cases  of  this  nature  realh'  belong  to  the  domain  of  genito-urinary  sur- 
gery, but  they  are  so  often  mistaken  for  ano-rectal  fistula? — owing  to  the  fact 
that  the  external  opening  is  located  near  the  anus — that  they  Cjuite  freciuently 
fall  into  the  hands  of  the  rectal  surgeon,  who  should  therefore  know  how  to 
recognize  their  true  nature  and  how  to  treat 
them. 

The  diagnosis  is  easily  made  b}'  the  use 
of  the  probe,  b}^  bimanual  palpation,  from 
the  histor}'  of  the  case,  and  from  the  fact 
that  urine  is  discharged  from  the  fistulous 
opening  if  the  fistula  communicates  with 
the  urethra.  The  demonstration  of  this 
fact  is  readily  made  b}'  compressing  the 
patient's  penis  during  the  act  of  voiding 
urine;  but  if,  for  any  reason,  this  method 
should  fail,  the  administration  of  methylene 
blue  to  the  patient  will  remove  all  douljt 
as  to  the  true  character  of  the  fistula. 

The  treatment  of  a  urinary  fistula  ^^"llich 
originates  in  Cowper's  or  the  perineal  glands, 
if  tuberculous,  should  be  laid  open  b}'  means 
of  the  thermo-cautery.  If  this  course  is  not 
adopted,  then  the  fistula  should  be  treated 
either  by  simple  incision  or  by  excision,  with 
immediate  suture.  When  the  fistula  commumcates  with  the  urethra  it  is  best 
to  give  attention  first  to  the  condition  of  the  urethra.  If  there  is  a  stricture  it 
should  be  cUlated  or  incised;  if  there  is  a  suppurating  urethritis  it  should  first 
be  relieved  and  tne  urine  made  as  bland  and  as  unirritating  as  possible. 
After  these  conditions  have  been  relieved,  then  attention  should  be  given  to 
the  fistula.  That  portion  of  it  which  is  located  near  the  anus  should  be  thor- 
oughly laid  open  and  curetted;  the  remaining  portion,  wliich  terminates  at 
the  uretlira,  should  be  thoroughly  ckained,  curetted,  and  treated  from  time  to 
time  with  stimulating  appHcations,  care  being  taken  not  to  let  any  of  the 
remedy  get  into  the  urethra. 

(6)  Redo-urethral  FistidoB. — A  fistula  of  this  character  is  a  much  more  seri- 
ous condition  and  more  difficult  to  cure  than  the  preceding  one.  The  fistulous 
tract  connects  the  urethra  with  the  rectum,  and  the  fact  that  it  receives  its 
infection  from  both  sources  makes  it  much  more  difficult  to  heal  than  the  com- 
mon type  of  ano-rectal  fistula.  The  membranous  and  prostatic  portions  of 
the  urethra  are  those  which  are  involved^  and  the  opening  in  the  rectimi  is 


Fig.  334. — Second  Stage  of  Chetwood's 
Operation.  (From  Tuttle:  "  Diseases  of 
the  Anus,  Rectuni,  and  Pehdc  Colon."  D. 
AjDpleton  &  Co.,   Xew  York.) 
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generally  located  above  the  internal  sphincter.  AVhile  the  prmiary  disease 
begins,  as  a  rule,  in  the  urethra  and  empties  its  products  secondarily  into  the 
rectum  at  a  lower  point,  yet,  in  a  certain  number  of  cases,  the  opening  into 
the  rectum  will  be  found  to  be  located  at  a  considerably  higher  level  than  the 
urethral  opening,  and  therefore  it  is  presumably  fair  to  infer  that,  in  these 
cases,  the  disease  began  in  the  rectum. 

As  to  the  etiolog}^  and  pathology  of  this  variety  of  rectal  fistula?,  we  are 
unable  to  say  more  than  that  they  are  due  either  to  traumatism  or  to  some 
pathological  process. 

The  most  characteristic  s3aTiptom  of  this  lesion  is  the  passage  of  urine 
through  the  rectum,  or  of  fecal  matter  and  gas  with  the  urine.  The  height  of 
the  rectal  opening  will  determine  in  which  of  these  two  directions  the  flow  will 
take  place. 

As  a  rule,  the  rectal  opening  can  be  recognized  by  the  finger  placed  in  the 
rectum.  With  an  Earle  or  any  single-bladed  speculum,  introduced  in  such  a 
manner  as  to  press  against  the  posterior  wall  of  the  rectum,  the  opening  of  the 
fistula  may  be  readily  seen.  Then,  with  a  sound  introduced  into  the  urethra, 
a  small  probe  may  be  passed  through  the  rectal  opening  and  fistula  and  made 
to  strike  against  the  sound.  The  only  other  condition  with  which  this  is  likely 
to  be  confounded  is  recto-vesical  fistula,  from  wliich  it  is  fairly  easy  to  differ- 
entiate a  recto-urethral  fistula  by  the  constant  flow  of  urine  which  occurs  in 
the  latter  lesion. 

The  prognosis  of  recto-urethral  fistula  is  generally  favorable  in  those  cases 
which  develop  after  an  operation.  The  reverse,  however,  is  true  of  those  cases 
in  which  the  lesion  results  from  some  pathological  process. 

In  those  cases  in  which  the  fistula  develops  as  a  result  of  an  acute  abscess, 
of  a  fairly  circumscribed  character,  healing  ma}^  sometimes  be  induced  bj^  sim- 
ply providing  free  drainage  and  making  stimulating  applications.  When  these 
means  fail,  resort  should  be  had  to  operative  measures.  But,  before  under- 
taking any  operation,  the  surgeon  should  make  sure  that  all  obstructions  to 
the  free  discharge  of  urine  and  feces  through  their  normal  passages  have  been 
removed.  For  the  removal  of  such  obstructions  in  the  urethra,  the  reader  is 
referred  to  the  appropriate  article  in  Vol.  VI.  When  there  is  an  irritable  and 
tightly  contracted  sphincter  ani  muscle,  it  is  better  to  incise  than  to  dilate  it, 
as  the  relaxation  which  follows  the  latter  procedure  is  of  too,  transitory  a  char- 
acter. The  next  important  thing  to  be  done,  in  order  to  make  the  operation 
successful,  is  to  provide  for  the  protection  of  the  fistulous  tract,  so  far  as  pos- 
sible, from  the  irritating  discharges  of  urine  and  fecal  matter.  The  exclusion 
of  the  urine  is  best  effected  by  the  continuous  employment  of  the  catheter, 
while  the  irritating  effects  of  fecal  matter  may  be  prevented  by  confining  the 
bowels  for  four  or  five  successive  days.  It  has  also  been  recommended  to  do 
a  temporary  inguinal  colostomy  for  this  purpose  as  well  as  for  protecting  the 
field  of  operation  from  infection.  The  fistulous  tract  should  be  frequently 
irrigated  for  several  days  prior  to  the  operation. 

Until  recently  failure  has  attended  most  of  the  attempts  which  have  been 
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made  to  effect  a  permanent  closure  of  these  fistulae.  Tuttle,  in  his  work  on 
"Diseases  of  the  Anus,  Rectum,  and  Pelvic  Colon"  (]).  484),  has  pointed  out 
the  chief  cause  of  such  failures,  and  at  the  same;  time  ho  recommends  measures 
for  overcoming  the  defects  of  the  treatment  hitherto  employed.  The  success 
of  these  measures  is  evidenced  by  the  reports  of  nine  successive  cases  in  which 
they  were  employed.  We  give  here  in  full  his  modification  of  the  operation 
for  the  correction  of  urethro-rectal  fistula  (op.  cit.,  p.  435): 

"The  rectum  should  be  incised  in  the  middle  line  anteriorly,  the  "cut  being 


Fig.  335.— The   Drawins 


Ilhistrates  Tuttle's    Operation   for    Recto-Urethral    Fistula;    First     Stage. 
(Tuttle.) 


carried  through  into  the  urethra  and  extended  from  the  scrotal  juncture  of 
the  perineum  into  the  fistulous  opening,  thus  dividing  the  urethral  stricture. 
(Fig.  335.)  The  cicatricial  tissue  around  the  entire  fistula  should  be  trimmed 
away  with  scissors.  The  intestinal  wall  should  then  be  dissected  from  its 
anterior  attachments  for  a  distance  of  three-quarters  of  an  inch  above  the 
fistula,  and  half  an  inch  to  each  side.  A  flap,  large  enough  to  replace  that  por- 
tion of  the  floor  of  this  organ  which  had  been  destroyed,  is  next  dissected  from 
the  soft  tissues  on  either  side  of  the  urethra.     A  steel  sound  (No.  30  French) 
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is  now  introduced  into  the  bladder,  and  these  flaps  arc  sutured  together  over 
it  at  a  sUght  tension.  Secondary  flaps  are  then  taken  outside  of  the  first  flaps 
and  (nitirely  surrounding  them,  making  a  sort  of  cuff  to  the  first  area  sutured. 
(Fig.  336.)  The  edges  of  the  rectal  wall  are  sewed  together  in  all  their  thick- 
ness with  chromicized  catgut,  down  to  the  external  sphincter  muscle,  at  which 
point  the  mucous  membrane  is  dissected  loose,  for  a  short  distance  to  each 
side,  and  drawn  together  by  stitches  which  do  not  involve  the  muscle.     The 


Fig.  336.— Tuttle's  Operation  for  Recto-Urethral  Fistula;  Second  Stage.     (Tuttle.) 


incision  into  the  urethra  is  left  unsutured  beyond  a  point  just  below  the  site 
of  the  fistulous  opening.  (Fig.  337.)  A  No.  12  soft-rubber  catheter  is  intro- 
duced through  the  meatus  into  the  bladder  and  is  fastened  there  by  adhesive 
straps  attached  to  the  head  of  the  penis.  The  anterior  portion  of  the  perineal 
incision  is  loosely  packed  with  absorbent  gauze,  and  a  drainage  tube  of  large 
size  is  introduced  into  the  rectum  to  facilitate  the  escape  of  gas."  Tuttle 
advises  that  the  catheter  should  be  retained  in  the  bladder  for  from  seven  to 
ten  days,  but  in  three  of  his  cases  it  was  found  impossible  to  do  this;  never- 
theless,  no  serious   results  followed.     In  case  the  catheter  should  come  out 
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before  the  expiration  of  the  time,  great  care  should  be  exercised  in  reintroduc- 
ing it,  lest  it  should  reperforate  the  sutured  wound.  The  instrument  should 
be  passed  from  the  meatus  out  through  tlu;  pci'ineal  wound,  then  back  again 
through  the  same  opening,  when  it  is  continued  upward  and  backward  against 
the  superior  wall  of  the  urethra.  If  the  jjatient  is  unable  to  bear  the  irritation 
produced  by  a  permanent  catheter,  the  urine,  during  the  first  five  days  follow- 
ing the  operation,  should  hv  drawn  off  every  three  hours  (by  the  surgeon,  and 


Fig.  337.— The  Third  Stage  of  Tuttle's  Operation  for  Recto-Urethral  Fistula.      (Tuttle.) 


not  by  the  nurse)  with  a  well-curved  silver  catheter  held  close  to  the  superior 
wall  of  the  urethra. 

(c)  Recto-vesical  Fistulce. — Recto-vesical  fistulse  occur  as  the  result  of  punc- 
tured wounds,  of  operations  performed  upon  the  bladder  and  rectum  for  ma- 
lignant disease,  or  as  the  result  of  inflammatory  processes  attended  with  ex- 
tensive destruction.  Those  which  result  from  punctured  wounds  are  likely 
to  heal  spontaneously.  Recto-vesical  fistulse  may  be  either  direct  or  indirect. 
Those  of  the  direct  variety  owe  their  origin  to  the  fact  that  the  walls  of  the 
two  organs  become  agglutinated  by  inflammatoiy  products,  thus  favoring  the 

VOL.  VII. — 53 


834  AMERICAN  PRACTICE  OF  SURGERY. 

establishment  of  a  fistulous  communication  between  the  two  at  this  point.  In 
the  case  of  an  indirect  fistula  an  abscess  located  near  the  two  organs  makes  for 
itself  an  opening  into  each  of  them.  Upon  the  recognition  of  the  true  pathology 
of  the  lesion  will  depend  the  advisability  and  success  of  radical  interference. 

Recto-vesical  fistulse  may  communicate  with  the  small  intestine  as  well  as 
with  the  bladder.  The  consideration  of  such  cases,  however,  does  not  belong 
in  the  present  section. 

The  characteristic  symptom  of  a  recto-vesical  fistula  is  the  constant  pres- 
ence of  urine  in  the  rectum.  Very  nmch  less  frequently  fecal  matter  and  in- 
testinal gas  may  be  passed  with  the  urine  which  comes  from  the  bladder.  This 
occurrence  depends  upon  the  height  of  the  rectal  opening,  upon  the  calibre  of 
the  fistulous  tract,  and  also  upon  the  consistency  of  the  fecal  matter. 

The  history  of  the  case  may  throw  some  light  on  the  diagnosis,  especially 
if  the  fistula  is  associated  with  malignant  disease  or  syphilis.  The  location  of 
the  intestinal  opening  may  be  determined  either  by  palpation  or  by  the  em- 
ployment of  the  pneumatic  proctoscope ;  and  by  the  aid  of  the  cystoscope  the 
opening  in  the  bladder  may  be  located. 

The  prognosis  is  always  grave,  and  the  results  of  surgical  interference  are 
very  discouraging.  Extension  of  infection  from  the  bladder,  by  waj^  of  the 
ureter,  to  the  kidneys  is  almost  certain  to  follow  sooner  or  later.  In  the  indi- 
rect variety  of  these  fistula?,  urinary  infiltration  and  burrowing  of  pus  are 
likely  to  follow. 

In  acute  cases  due  to  traumatism  or  to  surgical  interference,  continuous 
catheterization  for  a  definite  period  and  the  proper  regulation  of  the  con- 
sistency of  the  fecal  discharges  may  result  in  closure  of  the  fistulous  tract.  In 
all  cases,  when  possible,  it  is  absolutely  necessary  to  keep  the  fecal  matter 
from  entering  the  bladder.  In  the  chronic  cases,  therefore,  some  more  per- 
manent provision — as,  for  instance,  a  temporary  inguinal  colostomy — must  be 
made  to  prevent  this  accident.  The  adoption  of  this  expedient,  in  combina- 
tion with  continuous  catheterization,  offers,  on  the  whole,  the  best  prospect 
of  effecting  a  closure  of  the  fistulous  tract;  and,  if  later  it  should  become  nec- 
essary to  suture  the  fistulous  openings,  it  will  be  found  that  the  establishment 
of  an  opening  in  the  colon  and  the  employment  of  continuous  catheterization 
increase  greatly  the  chances  of  a  successful  issue. 

When  once  the  fecal  current  and  the  urine  have  been  diverted  from  the 
fistulous  tract,  the  attempt  should  be  made  to  close  the  recto-vesical  opening 
by  paring  the  edges  and  suturing  the  wound.  If  the  opening  is  situated  high 
up  in  the  bowel,  the  operation  may  be  facilitated  by  removing  the  coccyx  and 
splitting  the  posterior  wall  of  the  rectum.  If  the  rectal  opening,  however,  is 
situated  low  down,  or  if  the  case  is  one  in  which  the  fistula  has  resulted  from 
a  pelvi-rectal  abscess,  the  anterior  rectal  wall  should  be  dissected  from  the 
bladder,  by  lateral  perineal  section,  as  far  as  to  a  point  above  the  fistulous 
tract;  by  which  means  the  latter  becomes  converted  into  a  recto-perineal  and 
a  vesico-perineal  fistula.  Then,  if  the  rectal  and  vesical  openings  are  within 
reach,  they  may  be  sutured.     For  this  work  Czerny's  method  of  employing 
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catgut  for  the  deep  row  of  sutures,  and  silkworm  gut  or  silk  for  those  in  the 
mucous  membrane,  should  be  adopted.  If  success  has  been  attained  in  closing 
the  fistula,  the  artificial  a«us  may  next  be  c1os(hI. 

(d)  Recto-ureteral  Fistidce. — The  only  cases  in  which  the  ureters  are  likely 
to  open  into  the  rectum  are  those  in  which  the  fistulous  communication  is  the 
result  of  a  malformation.  Reference  has  already  been  made  to  these  on  a  pre- 
vious page. 

Recto-genital  Fistulae. — In  this  class  should  be  included  the  fistula:'  which 
connect  the  rectmn  with  the  genital  organs.  They  are  most  frequent  in  women, 
and  should  not  include  those  which  are  due  to  malformations.  AMien  the  lesion 
does  occur  in  the  male,  and  the  fistula  extends  forward  into  the  scrotum,  it 
may  be  treated  as  an  ordinary  subtegumentary  anal  fistula.  ^Yhen  it  results 
from  a  prostatic  abscess  or  a  suppurating  Cowper's  gland  which  opens  into  the 
rectum  and  not  into  the  bladder  or  urethra,  it  may  be  treated  as  a  blind  internal 
fistula. 

The  other  fistula?  which  belong  to  this  variety  all  occur  in  women,  and  may 
be  classified  as  follows,  \'iz.:  recto-uterine,  recto-vulvar,  and  recto-vaginal 
fistulse. 

(a)  Recto-uterine  Fistula. — This  form  of  fistula  rarely  occurs  except  as  a 
congenital  lesion.  Dr.  Tuttle  (op.  cit.,  p.  447)  mentions  having  seen  such  a 
fistula  associated  with  a  carcinoma  of  the  utems  which  involved  the  rectum; 
and  Dr.  Thomas  Cullen,  in  his  work  on  "Carcinoma  of  the  Uterus"  (p.  268), 
mentions  a  somewhat  similar  case. 

(b)  Recto-vidvar  Fistula  .—This  form  of  fistula  results  from  an  injury  or 
from  infection  of  the  glands  of  the  labia  and  vagina,  which  are  situated  ante- 
riorly to  the  fourchette  (especially  the  glands  of  Bartholin).  The  writer  has 
seen  quite  a  number  of  cases  of  this  nature.  After  the  abscess  has  formed,  the 
pus  is  likely,  if  an  early  incision  is  not  made,  to  burrow  backw^ard  and  to  open 
into  the  rectimi  or  the  anus.  It  may  also  burrow  into  the  ischio-rectal  fossa 
after  it  passes  the  transversus  perinei.  There  may  be  only  one  opening  or  there 
may  be  several. 

In  operating  upon  these  cases,  the  surgeon  should  take  special  care  to  pre- 
serve the  perineal  body.  T\Tien  there  are  no  complications,  excision  with  mime- 
diate  suture  may  be  adopted.  AMien  there  are  two  distinct  tracts,  it  would 
probably  be  better  to  operate  upon  only  one  of  them  at  a  time,  at  different  sit- 
tings. But  if  they  are  near  together  and  if  they  are  of  such  a  nature  as  to 
require  only  a  slight  dissection,  they  might  both  be  operated  upon  at  one  time. 
Sometimes  these  fistuLie  are  incomplete  and  have  only  one  opening,  and  when 
this  is  the  case,  excision  and  suturing  may  be  resorted  to. 

(c)  Recto-vaginal  Fistula. — In  this  fomi  of  fistula  there  is  a  communication 
between  the  rectimi  and  the  vagina  proper.  (Fig.  338.)  Such  a  fistula  is  fre- 
quently the  result  of  a  submucous  mpture  of  the  recto-vaginal  septum  or  of 
sloughing  of  this  septum  froni  prolonged  pressure  of  the  foetal  head.  Sj^philitic 
ulceration  is  a  frequent  cause  of  this  type  of  fistula,  especially  in  cases  in  which 
there  is  stricture  of  the  rectum.     Tuberculous  ulceration  is  rarely  the  cause  of 
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this  variet}'  of  fistula,  while  carcinoma  of  the  rectum  or  vagina  frequently  is. 
Among  other  causes  may  be  mentioned :  an  abscess  in  the  septum :  a  foreign 
body  in  the  rectum;  prolonged  pressure  from  a  pessary;  sloughmg,  following 
an  operation  for  hemorrhoids;  and,  finally,  a  pelvi-rectal  abscess  that  burrows 
down  between  the  layers  of  this  septum  and  opens  into  both  the  rectum  and 
the  vagina. 

The  diagnosis  is  readily  made  from  the  fact  that  gas  and  fecal  matter  escape 

into  the  vagina  and  set  up  a  vaginitis.  The 
offensive  leucorrhoea  which  results  from  this 
inflammation,  is  one  of  the  distressing  feat- 
ures of  the  disease.  The  openings  in  the 
vagina  and  rectum  can  easily  be  seen,  gener- 
ally by  the  aid  of  a  speculum,  and  by  its  aid 
also  a  probe  may  be  passed  through  the  tract. 
So  far  as  treatment  is  concerned,  it  may 
be  stated  that  the  conservative  methods  are 
attended  with  very  little  success;  some  sur- 
gical procedure  will  nearly  always  be  found 
necessary.  The  chief  difficulties  which  one 
encounters  and  which  must  be  overcome  are 
these:  the  prevention  of  the  escape  of  gas 
and  fecal  matter  through  the  fistulous  tract, 
and  the  necessity  of  reaching  and  closing  the 
rectal  opening  if  it  occupies  a  high  position. 
The  latter  difficulty  can  be  overcome  only 
by  splitting  the  posterior  wall  of  the  rectum  and  removing  the  coccyx,  or  by 
doing  what  is  practically  a  Kraske  operation.  The  seriousness  of  such  an  oper- 
ation is  out  of  all  proportion  to  the  gravity  of  the  condition.  ^Mien  the  rectal 
opening  is  small  and  situated  low  down,  the  surfaces  around  it  may  be  fresh- 
ened and  united  by  sutures — a  procedure  which  sometimes  proves  successful. 
But  where  the  opening  is  large  and  is  situated  high  up  in  the  rectimi,  oper- 
ations through  the  vagina  or  the  perineum  are  more  likely  to  be  successful. 

Operations  upon  the  Vaginal  Wall. — ''The  simplest  of  these  is  that  debased 
by  Lauenstein,  which  consists  in  denuding  the  fistulous  tract  from  the  vaginal 
surface  down  to  the  rectal  mucous  membrane.  Switches  are  then  introduced 
from  the  vaginal  side,  embracing  all  the  tissues  of  the  recto-vaginal  septum 
except  the  mucous  membrane  of  the  rectum,  and  the  wound  is  then  closed. 
(Fig.  338.)  The  sutures  should  be  of  silver  wire.  No  effort  is  made  to  close 
the  opening  in  the  rectal  mucous  membrane.  It  would  be  well,  however,  after 
having  sutured  the  fistula,  to  stretch  the  sphincter,  introduce  a  rectal  tube,  and 
constipate  the  patient."     CTuttle,  oj).  cit.,  p.  452.) 

Complete  Excision  of  the  Fistulous  Tract  Combined  with  Perineorrhaphy. 
— The  technique  emploj^ed  by  Tuttle  in  this  operation  is  thus  described  by  him 
{op.  cit.,  p.  453):  "The  sphincter  muscle  should  be  thoroughly  and  completely 
stretched;    the  perineum  is  then  completely  incised  from  the  vagina  into  the 


Fig.  338. — Closure  of  Recto-Vaginal 
Fistula,  after  the  Method  of  Lauenstein. 
(Montgomer}'. ) 
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rectum,  up  to  but  not  including  the  fistula.  A  i)robo  i.s  then  passed  through 
the  fistula,  and  the  latter,  together  with  all  its  cicatricial  tissue,  is  dissected 
out  en  masse.  The  mucous  membrane  of  the  rectum  is  trimmed  off  from  the 
edges  of  the  wound  for  about  half  an  inch  up  to  the  level  of  the  fistulous  open- 
ing, and  abo^•e  this  it  is  loosened  from  its  attachments,  until  it  can  be  brought 
do\\m  to  the  margin  of  the  anus.  The  margins  of  the  wound  in  the  perineal 
septum  are  then  brought  together,  down  to  and  including  the  sphincter  muscle, 
by  means  of  a  continuous  chromicized  catgut  suture.  Tliree  or  four  deep 
silver-wire  sutm-es  are  then  passed  thi'ough  the  perineum,  after  the  manner  of 
Emmet.     Before  the  latter  are  fastened,  the  flap  of  mucous  membrane  in  the 


Fig.  339. — Closure  of  Recto-Vaginal  Fistula  with  Imperious  Layer -of  Mucous  Membrane  over 
the  LLrie  of  Suture.  (From  Tuttle:  "Diseases  of  the  Anus,  Rectum,  and  Peh-ic  Colon."  D.  Appleton 
&  Co..  Xew  York.'! 


rectum  is  brought  and  sutm-ed  to  the  skin  at  the  margin  of  tlie  anus  (Fig.  339), 
the  wii"e  sutm-es  are  then  cb■a^^l  together  and  made  fast  by  twisting  or  by  per- 
forated shot,  and  finally  the  edges  of  the  mucous  membrane  in  the  vagina  are 
sutured  with  plain  catgut  and  sealed  over  '^ith  iodoformized  coUodion.  A  small 
drainage  tube  is  placed  in  the  rectum  to  facihtate  the  escape  of  gas,  and  the  pa- 
tient's bowels  are  constipated  for  six  or  seven  days.  After  this  period,  injections 
of  oil  and  glycerin  may  be  given  to  soften  the  fecal  material,  but  under  no 
circumstances,  except  in  real  danger  to  the  fife  of  the  patient,  should  a  purga- 
tive be  given  until  the  hard  fecal  accumulations  have  been  removed  or  softened. 
The  wire  sutures  are  removed  on  the  eighth  day."  In  seven  cases  operated 
upon  according  to  this  method  not  a  single  failure  has  occurred. 
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IX.  STRICTURE   OF  THE  RECTUM. 

General  Remarks  upon  the  Nature  of  Strictures  of  the  Rectum. — From  a 
clinical  standpoint  stricture  of  the  rectum  should  include  all  those  pathological 
conditions  which  interfere  with  the  normal  passage  of  feces;  but,  for  the  sake 
of  brevity,  it  will  be  better  to  confine  ourselves  to  those  changes  in  the  wall  of 
the  rectum,  sigmoid,  and  anal  outlet  which  produce  a  narrowing  of  their  lumen, 
and  to  reserve  for  future  detailed  consideration  those  obstructions  from  with- 
out which  produce  similar  results  but  have  an  entirely  different  etiology  and 
require  a  different  treatment. 

Those  conditions  which  arise  in  the  walls  of  the  rectum  or  anus  and  bring 
about  a  stenosis  of  its  lumen,  are  the  following:  Congenital  malformations, 
neoplasms,  pelvic  inflammations,  spasm  of  the  musculature,  and  inflammatory 
products. 

Congenital  Stricture. — Although  this  variety  has  already  been  considered 
under  the  head  of  Congenital  Malformations,  yet,  as  the  condition  so  frecpently 
passes  unobserved  until  puberty  or  adult  life,  it  would  be  well  to  remind  our 
readers  that  it  is  by  no  means  rare.  Up  to  a  certain  time  the  symptoms  may 
be  merely  those  of  constipation,  but  a  constipation  which  steadily  grows  more 
obstinate,  until  finally  the  bowel  refuses  or  is  unable  to  respond  successfully  to 
laxatives  or  enemas.  Then  for  the  first  time  the  physician  makes  a  rectal  ex- 
amination. In  the  case  of  a  congenital  stricture,  it  will  generally  be  found 
either  that  a  fibrous  band  is  stretched  across  from  one  side  to  the  other,  or  that 
a  thin  membranous  curtain  projects  from  the  entire  circumference  of  the  bowel 
toward  the  centre  of  the  lumen.  The  degree  of  constipation  resulting  varies 
with  the  extent  to  which  the  band  or  the  curtain  diminishes  the  calibre  of 
the  canal.  In  either  case  the  lesion  will  probably  be  found  at  about  the  junc- 
ture of  the  anal  canal  with  the  rectum;  and  the  absence  of  any  inflammatory 
infiltration,  as  well  as  the  failure  of  the  history  of  the  case  to  furnish  any 
information  with  regard  to  an  earlier  process  of  this  character,  justifies  the 
assumption  that  the  lesion  is  of  congenital  origin. 

Strictures  of  the  character  described  may,  if  not  too  narrow,  be  nicked  with 
the  knife  or  scissors  in  several  places  and  dilated  with  the  finger  or  bougie.  It 
is  far  better,  however, — and  the  resulting  cure  is  more  likely  to  be  permanent, — 
to  dissect  out  the  fibrous  tissue  after  having  first  dissected  back  flaps  of  mucous 
membrane.  Then,  after  the  strictured  part  has  been  excised,  the  flaps  are 
drawn  together  and  sutured  over  the  wound. 

Stricture  from  the  Presence  of  a  Neoplasm. — The  new-grov^i^h,  in  order  to 
produce  a  true  stricture  of  the  rectum,  must  not  only  grow  within  the  rectal 
wall,  but  must  also  extend  partially  or  completely  around  it,  so  as  to  produce 
a  narrowing  of  its  calibre.  A  growth  from  the  rectal  wall,  however  large  it 
may  be,  and  to  whatever  extent  it  may  obstruct  the  passage  of  fecal  matter, 
can  be  regarded  only  as  an  obstruction,  and  not  as  a  stricture.     It  will  there- 
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fore  receive  consideration  under  the  head  uf  Neoplasms  of  the  Rectum.  As 
instances  of  a  growi;h  of  this  nature,  polypi  and  papillomata  may  be  cited. 
Malignant  growths,  on  the  other  hand,  both  ol^struct  the  calibre  of  the  rectum 
by  protruding  into  it,  and  also  constrict  the  lumen  by  giving  rise  to  an  infil- 
tration of  fibrous  material  into  the  surrounding  walls — which  fibrous  material 
later  undergoes  contraction.  These  strictures  will  be  considered  in  their  proper 
place  under  the  head  of  ^lalignant  Neoplasms  of  the  Rectum. 

Submucous  or  Perirectal  Stricture. — It  will  be  well  to  remember  that  there 
is  an  abundance  of  fibrous  tissue  in  the  different  layers  of  the  rectal  wall  and 
between  the  mucous  folds  of  Houston's  valves,  and  that  this  tissue  is  connected 
directly  with  the  fibrous  meshes  of  the  pelvic  tissue,  the  ligaments  of  the  blad- 
der, the  broad  ligaments  of  the  uterus,  the  prostate,  and  the  fibrous  sheaths  of 
the  levator  ani  muscle;  and  that  consecjuently  an  inflammation  in  any  of  these 
surrounding  structures  may  extend  to  the  fibrous  tissue  found  in  the  rectal 
walls  and  create  there  ultimately  a  true  submucous  stricture,  without  there 
having  been  any  previous  ulceration  of  the  rectimi. 

Spasmodic  Stricture.— That  a  temporary  spasmodic  contraction  of  any  por- 
tion of  the  rectal  wall  may  take  place  at  any  tmie,  no  one  will  c^uestion.  But, 
if  any  one  has  doubts,  he  may  easily  satisfy  himself  on  this  point  bj^  the  appli- 
cation of  a  faradic  current,  through  a  proctoscope,  to  the  rectal  mucous  mem- 
brane, when  he  will  see  the  wall  contract  while  it  is  under  actual  observation. 
Furthermore,  there  is  no  longer  any  doubt  that  the  same  kind  of  contraction 
may  be  produced  by  the  application,  to  the  mucous  surface,  of  any  kind  of  irri- 
tant, or  by  the  presence  of  an  irritable  sore.  It  is  also  an  established  fact  that, 
while  this  spasm  of  the  musculature  is  not  continuous,  it  will  nevertheless  recur 
as  often  as  the  irritant  is  applied,  or — in  the  case  in  which  an  ulcer  is  present — 
whenever  the  noraial  stimulus  is  in  the  slightest  degree  increased,  or  whenever 
the  patient  simply  apprehends  that  such  an  increase  may  take  place.  Such  a 
definition  of  the  limits  of  spasmodic  stricture  of  the  rectimi  will  be  accepted 
generally.  On  the  other  hand,  the  majority  of  surgeons  dissent  from  the  doc- 
trme  that  a  permanent  stenosis  or  narrowing  of  the  limien  of  the  bowel  may 
result  from  a  continuous  or  peraianent  shortenmg  of  any  portion  of  its  muscu- 
lature; and  that,  too,  notwithstanding  the  fact  that  such  good  authorities  as 
Cripps  and  Ball  approve  of  this  doctrine.  It  is  much  more  likely,  as  we  be- 
lieve, that  the  spasmodic  contraction,  which,  in  the  cases  cited  by  Dr.  Cripps, 
unquestionably  existed  in  the  early  and  active  stage  of  the  ulcer,  was  succeeded 
by  the  fomiation  of  a  true  fibrous  stricture  as  the  result  of  the  healing  and 
cicatricial  contraction  of  the  ulcer.  -In  other  words,  the  change  in  the  patho- 
logical conditions  brought  about  a  simple  substitution  of  the  tme  fibrous  strict- 
ure for  the  former  spasmodic  stricture. 

Simple  Inflammatory  Stricture. — The  conditions  necessary  to  produce  a 
stricture  of  this  variety  are  a  chronic  inflammation  of  the  fibrous  elements  of 
the  walls  of  the  rectimi  and  closely  adjoining  structures,  with  or  without  a  solu- 
tion of  continuity  of  the  surface,  and  without  regard  to  etiological  factors.  As 
is  well  kno^n,  the  tendency  of  fibrous  tissue  to  undergo  proHferation  and  uiti- 
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mately  to  become  hypertrophied  and  thickened,  is  very  much  increased  in  cer- 
tain diseases — as,  for  instance,  in  syphiHs.  Hence  the  tendency,  in  the  older 
treatises,  to  subdivide  strictures  according  to  the  form  of  ulceration  or  inflam- 
mation which  gave  rise  to  them.  We  prefer  to  speak  of  all  such  factors  as 
common  causes,  emphasizing  when  necessary  the  peculiar  tendency  of  fibrous 
tissue  to  take  on  this  increased  gro^^'th  in  certain  specific  diseases,  as  well  as 
other  peculiar  characteristics  which  attend  each. 

AMiile  a  stricture  due  to  simple  thickening  of  the  fibrous  structures  may 
occur  at  any  point  in  the  rectum,  in  the  large  majority  of  cases  it  develops  at 
a  spot  within  a  distance  of  three  inches  from  the  anal  margin. 

In  all  inflammatorv^  processes  which  result  in  stricture  of  the  rectum,  the 
process  must  involve  the  fibrous  tissues  beneath  the  mucosa.  This  important 
feature  should  alwaj's  be  kept  in  mind  when  one  is  considering  the  possibility 
that  certain  affections  of  the  mucous  membrane — such,  for  example,  as  catarrhal 
diseases  and  others  which  involve  only  the  mucous  membrane — may  produce  a 
stricture.  As  a  matter  of  fact,  it  is  practically  impossible  for  such  diseases  to 
result  in  a  fibrous  stricture. 

Wherever  there  has  been  destructive  action  the  tissue  destroyed  is  replaced 
by  fibrous  tissue— i.e.,  cicatricial  tissue;  and  when  this  is  present  in  sufficient 
c^uantit}'  and  is  so  arranged  as  to  involve  a  considerable  portion  of  the  circum- 
ference of  the  rectum,  it  produces  a  stricture.  (Fig.  340.)  Among  the  factors 
which  are  competent  to  produce  such  results,  the  following  may  be  mentioned: 
all  forms  of  trauma  which  cause  sloughing  of  the  rectal  wall — such,-  for  exam- 
ple, as  prolonged  pressure  of  the  fa4al  head  during  labor,  or  the  retention  of 
large  foreign  bodies  in  the  rectum ;  phlegmonous  and  gangrenous  ulcerations  of 
the  rectal  walls;  the  injection  of  caustic  or  very  irritating  substances  into  the 
rectum;  bums;  and  operations  in  which  considerable  areas  of  rectal  tissue  are 
removed,  and  in  which  healing  has  taken  place  by  granulation.  Some  of  the 
operations  which  are  likely  to  result  so  disastrously  are  the  following:  resec- 
tions or  excisions  of  the  rectmn  and  operations  for  fistulas  or  for  hemorrhoids, 
especially  where  Whitehead's  operation  has  been  improperly  done  for  the  latter 
condition,  or  where  the  hemorrhoids  have  been  injected  with  a  strong  solution 
of  carbolic  acid.  In  fact,  the  danger  that  a  stricture  may  develop  subsecjuently 
should  be  carefully  borne  in  mind  by  the  surgeon  when  he  perfomis  any  opera- 
tion upon  the  rectum. 

A^Tiile  we  do  not  regard  obstruction  to  the  passage  of  fecal  matter,  whether 
caused  by  pressure  from  without  or  by  the  presence  of  a  new-growth  or  of  some 
foreign  matter  within  the  rectal  wall,  in  any  sense  a  stricture,  yet  it  seems  to  us 
better  to  remind  our  readers  once  more  that  such  obstructions  do  frecjuently  in- 
terfere very  materially  with  the  passage  of  fecal  matter,  and  that  it  is  therefore 
important  that  one  should  be  able  to  distinguish  between  such  an  obstruction 
and  a  true  stricture.  Among  such  obstructions  may  be  mentioned  displacements, 
enlargements,  new-growi;hs,  and  inflamed  and  suppurating  conditions  of  ad- 
jacent organs.  Adhesive  bands  fonned  as  a  result  of  local  or  general  peri- 
tonitis may  so  constrict  the  upper  part  of  the  rectum  or  the  sigmoid  as  almost 
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completely  to  arrest  the  passage  of  fecal  matter.  Inflammatory  adhesions  of 
the  litems  to  the  rectj^im  or  the  sigmoid,  adhesions  of  the  appendices  epiploicaB 
to  the |^d[ominal  Malls  or  to  each  other,  and  inflammatory  deposits  resulting 
from  a  blind  external  fistula,  may  all  obstruct  the  passage  of  fecal  matter  very 
seriously. 

Tuberculous  Stricture. — A  stricture  resulting  from  tuberculous  ulceration  or 
caused  by  the'mflammatory  products  of  such  an  ulceration  is  a  lesion  which 
has  frequently  been  denied;  but,  since  the  discovery  of  the  tubercle  bacillus, 
pathological  examinations  have  demonstrated  both  giant  cells  and  tubercle 
bacilli  in  the  scar  tissue  of  the  stricture  itself.  Tuttle,  in  his  treatise  (op.  cit., 
p.  469),  states  that,  in  four  autopsies,  he  found,  in  each  instance,  an  undoubted 
fibrous  stricture  existing  beneath  a  well-developed  tuberculous  ulcer;  and  that, 


Fig.   o4U. — Tlie  Drawing  Illustrates  Two  Pathological  Conditions  of  the  Rectum,  viz.,  a  Cicatricial 
Stricture  (A  B  C)  and  a  Recto- Vaginal  Fistula  (D).      (Earle  and  Tuttle.) 

in  two  of  the  cases,  the  stricture  was  in  the  pehdc  colon,  while  in  the  other 
two  it  was  located  in  the  rectum.  The  clinical  histoiy  of  two  of  these  cases  cor- 
roborated the  post-mortem  findings,  and  by  microscopic  examination  he  was 
able  to  demonstrate  the  presence  of  tubercle  bacilli  and  giant  cells  outside 
the  area  of  ulceration.  Similar  findings  have  been  made  by  Mitchell,  Hait- 
mann,  Toupet,  Sourdille,  Earle,  and  others.  With  this  evidence  before  us,  we 
can  scarcely  any  longer  question  the  existence  of  a  true  fibrous  stricture  result- 
ing from  tuberculous  ulceration. 

Syphilitic  Stricture. — Since  the  announcement  of  Eournier's  theory,  in  1875, 
the  opinion  has  been  quite  general,  up  to  within  the  last  few  years,  "that  syphi- 
litic strictures  consist  of  an  interstitial  hyperplasia,  ending  in  a  fibrous  degen- 
eration and  persistent  contraction  of  the  wall  of   the  intestine,"    and    that 
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strictures  of  the  rectum  of  this  nature  differ  materially  in  their  pathological 
characteristics  and  mode  of  formation  from  all  other  rectal  strictures.  As  will 
be  seen  farther  on,  we  take  exception  to  this  current  opinion,  at  least  in  great 
part,  and  hold  that  strictures  of  the  rectum  due  to  syphilis  have  their  begin- 
ning, as  a  rule,  if  not  always,  in  a  local  ulceration  of  the  mucous  surface.  We 
believe  that,  in  syphilitic  strictures,  the  formation  of  the  fibrous  tissue  and  its 
subsequent  contraction  proceed  along  the  same  lines  as  do  the  tissue  changes 
in  simple  strictures,  except  as  regards  the  formation  of  nodules  or  gummata 
around  the  blood-vessels,  and  the  development  of  a  distinct  endarteritis — both 
of  which  lesions  are  impressed  upon  the  stricture  by  this  specific  disease.  While 
the  microscopic  appearances,  in  a  sufficient  number  of  these  strictures,  furnish 
unquestionable  evidence  of  syphilis,  yet  the  number  of  these  cases  does  not 
correspond  with  the  number  of  cases  of  stricture  due  to  syphilis  that  were 
formerly  thought  to  exist.  In  fact,  at  one  time  every  case  of  stricture  of  the 
rectum  was  immediately  assumed  to  be  of  a  syphilitic  nature.  It  was  believed 
that,  in  some  insidious  manner,  the  constitutional  effects  of  syphilis  produced 
these  strictures. 

While  we  have  made  a  partial  statement  of  our  views  on  this  subject  in  the 
previous  paragraph,  yet,  for  the  sake  of  clearness,  we  will  risk  some  repetition. 
We  believe  that,  in  their  first  stage,  these  strictures  begin  as  an  ulceration  of 
the  mucous  membrane  of  the  rectum,  and  that  this  ulceration  is  associated 
with  a  deposit  of  soft  embryonic  tissue  in  the  submucous  layer.  Then  follows 
an  infection  of  the  tissues  by  colon  bacilli  or  other  organisms.  The  infiltration 
just  referred  to  and  the  infection  penetrate  downward  into  the  circular  mus- 
cular layer.  The  ulcer  may  heal  through  an  outgrowth  of  the  mucous  mem- 
brane over  the  spot,  and  there  will  then  be  left,  to  indicate  the  former  site  of 
the  ulcer,  a  soft,  bluish-white  cicatrix.  But,  after  the  infiltration  wdth  embiy- 
onic  tissue  has  once  begun  in  the  muscular  walls  of  the  rectum,  its  further 
progress  meets  with  the  least  resistance  in  the  direction  between  the  circular 
muscular  fibres.  The  advance  continues  steadily  until  the  entire  circumfer- 
ence of  the  intestine,  in  the  vicinity  of  the  former  ulcer,  becomes  infiltrated. 
The  extent  of  the  infiltration,  be  it  noted,  bears  no  relation  to  the  extent  of 
the  ulceration  or  to  the  size  of  the  scar  on  the  intestinal  wall.  In  the  early 
stages  of  this  infiltration  the  infiltrated  tissue  is  soft  and  dilatable,  and  yields 
quite  readily  to  antisyphilitic  treatment  and  to  artificial  dilatation;  but,  when 
once  this  newly-formed  tissue  has  become  organized  into  fibrous  tissue,  which 
soon  supplants  the  atrophied  circular  muscular  fibres,  then  anti-syphilitic 
medication  and  artificial  dilatation  are  no  longer  of  any  per.nanent  benefit. 

It  will  be  observed,  then,  that  up  to  this  point  the  oeginning  and  progress 
of  a  syphilitic  stricture  are  essentially  the  same  as  the  beginning  and  progress 
of  a  simple  fibrous  stricture;  the  only  difference  being  that,  possibly,  the  tend- 
ency to  the  formation  of  fibrous  tissue  is  greater  in  the  former  than  in  the  latter. 

We  therefore  assert  it  as  our  belief  that  all  strictures  of  the  rectum,  whether 
syphilitic  or  of  a  simple  character,  have  their  origin  in  an  ulceration,  a  trauma, 
or  some  other  lesion  of  the  mucous  membrane;    and  that  the  cases  in  which 
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the  lesions  are  due  to  secondary  or  tertiar}'  syphilis  represent  the  large 
majority  of  those  which  have  heretofore  been  attributed  to  chancroids. 

Pathology  of  Strictures  of  the  Rectum. — There  is  a  localized  thickening  of 
the  rectal  mucous  membrane,  and  generally  there  is  an  ulceration;  but,  whether 
the  latter  lesion  is  present  or  not,  there  is  always  a  loss  of  the  noraial  elasticity 
of  the  rectal  wall,  which  conveys  to  the  examining  finger  the  sensation  of  being 
dense  and  leather}-.  In  cases  in  which  the  ulceration  has  healed,  the  mucous 
membrane  is  dry  and  has  lost  its  smooth,  glistening  appearance.  We  have 
found  this  to  be  due  to  a  loss  of  the  goblet  cells  rather  than  to  the  transforma- 
tion of  the  cylindrical  epithelium  into  the  pavement  variety,  as  asserted  by 
Quenu  and  Hartmann.  Where  the  ulceration  exists  in  conjunction  with  the 
stricture,  which  is  the  rule  in  those  cases  which  come  under  the  surgeon's  obser- 
vation, the  surface  of  the  rectum  is  bathed  in  a  muco-purulent.  sometimes 
sanious  discharge.  If  any  portion  of  this  ulcerated  surface  heals,  which  is  more 
likely  to  be  the  case  m  the  lower  portion,  the  cicatrix  presents  a  bluish-white 
appearance  and  is  very  dense  and  hard.  The  infiltration  and  contraction  may 
extend  from  the  margin  of  the  anus  to  the  sigmoid,  and  sometimes  may  even 
involve  the  latter.  In  a  few  cases  the  congestion  and  proliferating  granula- 
tions produce  a  greater  degree  of  narrowing  of  the  canal  than  does  the  actual 
cicatricial  contraction.  In  one  case  observed  by  Tuttle  prolifera-ting  granu- 
lations ahnost  entirel}^  filled  the  canity  of  the  rectum,  obstructed  the  passage 
of  feces,  and  gave  rise  to  an  abmidant  pumlent  and  bloody  discharge.  A 
single  ulcer,  even  of  moderate  size,  maj'  at  first  give  rise  to  veiy  slight  ste- 
nosis, but.  after  it  has  healed,  the  subsequent  degeneration  and  contraction  of 
the  circular  muscular  fibres  may  result  in  the  estabhshment  of  a  veiy  decided 
stricture.  In  old  cases  where  the  stricture  is  C|uite  tight  there  are  likely  to  be 
two  points  of  ulceration,  one  above  and  one  below  the  stricture.  That  above 
the  stricture  does  not  generally  present  the  characteristics  of  a  syphilitic,  but 
those  rather  of  a  simple  necrotic  ulceration,  produced  by  irritation  and  by  the 
pressure  of  fecal  matter  which  collects  at  that  point.  The  bowel  is  always 
dilated  and  its  walls  are  thinned  above  the  stricture.  The  ulcer  below  is  of  the 
type  which  produces  a  stricture,  no  matter  what  its  origin — infectious,  syphi- 
litic, or  tuberculous.  A  fistula"  is  frecjuently  found  beneath  the  mucous  mem- 
brane; it  leads  downward  from  the  stricture,  and  frecjuently  extends  cut  side 
into  the  perirectal  tissues.  While  the  mucous  membrane  directly  over  the 
strictured  portion  of  the  bowel  ma}^  not  appear  to  the  eye  to  be  altered,  yet, 
when  manipulated,  it  fails  to  move  over  the  subjacent  tissues  or  moves  wdth 
some  degree  of  friction.  According  to  Hartmann  and  Toupet  the  features 
which  are  constant  in  all  the  varieties  of  stricture  which  the}-  describe  are  ''the 
absence  of  ulceration  at  the  level  of  the  stricture  and  the  substitution  of  the 
pavement  epithelium  with  papilhr  for  cyhndrical  epithelium  with  glands." 
The  pathological  characteristics  of  all  syphilitic  strictures  are  endarteritis  and 
gummatous  deposits  about  the  arteries-  The  nodules  are  also  found  around 
the  veins  in  some  cases. 

The  pathological  changes  which  may,  according  to  Heitzmann  and  Jeffries, 
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be  considered  as  peculiar  to  strictures  that  owe  their  origin  to  tuberculous 
ulceration  are  the  following:  Ordinarily  the  entire  epithelial  surface  of  the 
mucous  membrane  is  destroyed;  the  inflammatory  infiltration  extends  consider- 
ably beyond  the  ulceration;  upon  the  mucous  membrane  a  number  of  papillae 
are  seen;  in  the  submucosa  there  are  found,  in  the  infiltrating  fibrous  tissue, 
tuberculous  follicles  which  show  a  tendency  to  caseous  degeneration;  and  the 
blood-vessels  do  not  show  any  alteration  in  their  walls,  as  they  do  in  the  cases 
of  syphilitic  origin.  Besides  the  changes  just  enumerated  there  is  one  other 
feature  which  may  enable  the  surgeon  to  reach  a  positive  diagnosis— viz.,  the 
finding  of  tubercle  bacilli  in  the  inflammatory  tissues  of  the  stricture.  The 
failure  to  find  them,  however,  does  not  preclude  the  possibility  that  the  disease 
is  tuberculous  in  its  nature. 

Notwithstanding  the  special  characteristics  of  syphilitic  and  tuberculous 
strictures,  as  enumerated  above,  it  must  be  borne  in  mind  that  these  charac- 
teristics are  not  of  themselves  absolutely  conclusive,  but  must,  if  a  correct 
diagnosis  is  to  be  reached,  be  taken  in  conjunction  with  the  history  of  the  case 
and  other  conditions.  Endarteritis,  for  example,  has  been  known  to  exist  in 
inflammatory  tissues  which  have  resulted  from  traumatism  or  from  caustic 
applications.  But  if  this  lesion  is  associated  with  the  presence  of  gummatous 
nodules  in  the  strictured  area,  and  if  at  the  same  time  there  are  other  evidences 
justifying  the  suspicion  that  the  patient  has  syphilis,  one  would  not  hesitate 
to  make  a  positive  diagnosis.  Furthermore,  since  the  discovery  of  the  Spiro- 
chsete  pallida,  even  in  the  tertiary  lesions  of  syphilis,  one  may  now  confidently 
rest  his  diagnosis  upon  the  presence  or  absence  of  this  micro-organism. 

The  possibility  that  a  dysenteric  ulceration  may  play  the  part  of  an  etio- 
logical factor  in  stricture  of  the  rectum  has  been  very  seriously  questioned  by 
most  writers,  yet  quite  a  number  of  good  authorities  claim  that  it  does  play 
such  a  part.  This  wide  difference  of  opinion  is  based,  as  we  believe,  on  the 
strong  probability  that  the  cases  of  supposed  dysentery  which  have  resulted 
in  stricture,  were  not,  in  reality,  cases  of  true  dysenteric  ulceration.  This 
seems  the  more  likely  when  we  remember  that  nearly  all  forms  of  ulceration 
of  the  rectum  give  rise  to  more  or  less  tenesmus,  with  frequent  passages  of 
mucous  or  muco-purulent  matter  and  blood. 

In  the  "Medical  and  Surgical  History  of  the  Civil  War"  there  are  the 
reports  of  four  cases  of  stricture  of  the  rectum  which  resulted  from  gunshot 
wounds. 

Symptoms  of  Strictures  of  the  Rectum. — The  primary  lesion  which  is  fol- 
lowed by  the  foraiation  of  a  stricture  may  give  rise  to  very  few  and  very  trifling 
symptoms,  and  then  only  during  the  acute  stage.  This  is  likely  to  be  the  case, 
for  example,  in  an  ulceration  that  has  resulted  from  the  continued  pressure  of 
the  child's  head  during  labor  or  from  the  presence  of  a  foreign  body  in  the 
rectum.  Even  these  symptoms  subside  as  soon  as  the  ulcer  heals.  Then  there 
follows  quite  a  long  period  of  rest,  which  varies  under  different  conditions,  and 
in  which  there  are  no  symptoms  sufficiently  marked  to  attract  the  attention 
of  the  patient.     During  this  latent  period,  the  infiltration  is  going  on,  and  the 
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contrat'tion  incroasiiig.  As  a  rule,  it  is  not  until  the  stenosis  is  well  marked 
that  the  synii)tonis  are  sufficiently  annoying  for  the  patient  to  bring  them  to 
the  attention  of  the  surgeon.  The  symptoms  which  usually  first  attract  the 
patient's  attention  are:  a  sense  of  heaviness  in  the  rectal  and  sacral  region, 
and  a  frequent  desire  to  urinate.  The  latter  symptom  may  be  so  jjronounced 
as  to  di\'ert  I)oth  }iati(Mit  and  doctor  from  the  real  seat  of  the  trouble.  Later, 
there  is  developed  a  gradually  increasing  tendency  to  constipation,  with  dif- 
ficulty in  having  a  stool;  and  afterward  come  the  more  pronounced  symptoms 
— frequent  desire  to  go  to  stool,  tenesmus,  purulent  and  bloody  discharges — 
which  are  both  the  cause  and  the  result  of  the  secondary  ulceration — i.e.,  the 
ulceration  which  follows  the  stenosis.  The  increasing  accumulation  of  fecal 
matter  that  takes  place  above  the  stricture,  finally  gives  rise  to  so  much  irri- 
tation as  to  increase,  at  first,  the  normal  secretions  from  the  intestinal  wall  at 
this  point.  In  some  cases,  indeed,  the  increase  may  be  so  great  as  to  dissoh-e 
the  surface  of  the  fecal  mass  and  to  bring  it  away  as  a  fluid  stool.  The  con- 
tinuation of  this  irritation  and  pressure  finally  results  in  ulceration.  At  this 
stage  of  the  trouble  the  physician  should  be  careful  not  to  mistake  the  liquid 
stool  or  oozing  for  a  true  diarrhoea,  and  he  can  avoid  this  error  only  by  making 
digital  and  instrumental  examination.  One  of  the  chief  dangers  attending  a 
stricture  of  the  rectimi  comes  from  the  presence  of  these  fecal  masses,  as  they 
may  block  the  remaining  portion  of  the  lumen  of  the  bowel  so  completely  as 
to  cause  rupture  of  the  intestine.  \^Tien  the  ulceration  has  taken  place  there 
will  be  an  occasional  discharge  of  mucus  and  pus,  often  mixed  with  blood. 
This  discharge  is  frequently  passed  without  any  fecal  matter,  especially  early 
in  the  morning,  and  it  is  then  supposed  to  come  from  the  ulceration  which  is 
below  the  stricture.  Afterward,  in  the  course  of  an  hour  or  two,  there  follows 
a  stool  mixed  with  muco-purulent  matter,  and  then  it  is  assmned  that  this 
mucor purulent  matter  comes  from  the  ulceration  above  the  stricture.  The 
amount  and  character  of  the  discharge  w411  depend  largely  upon  the  character 
of  the  stricture.  Thus,  for  instance,  in  a  stricture  due  to  syphilis  the  discharge 
is  veiy  abundant,  always  sanious,  and  dark  in  color,  and  it  possesses  a  feculent 
odor.  On  the  other  hand,  in  a  stricture  due  to  tuberculous  disease  or  to  sun- 
pie  inflammation,  the  discharge  is  not  so  abundant,  is  rarely  mixed  with  blood, 
and  is  of  a  creamy  w^hite  color.  Tabs  of  skin,  commonly  known  as  spurious 
condylomata  and  sometimes  associated  with  papillomata,  are  frequently  pres- 
ent in  a  case  of  syphilitic  stricture  of  the  rectum.  Up  to  a  recent  date  consid- 
erable importance  was  attached  to  the  fonn  of  the  stool,  but  now  it  is  known 
that  its  shape  can  be  modified  by  the  stricture  only  when  the  latter  is  located 
immediately  above  the  anal  orifice,  as  it  is  the  last  constriction  which  gives  it 
its  shape.  AATien  the  stricture  involves  the  sphincter  there  is  a  partial  loss  of 
control  (or  incontinetice)  due  to  the  infiltration  of  the  sphincter  with  fibrous 
tissue.  The  channel  then  assumes  a  tubular  form.  In  this  condition  the  fluid 
portions  of  the  fecal  matter,  together  with  the  muco-pumlent  discharge,  will 
come  away  involuntarily,  while  the  solid  fecal  matter  will  be  retained  and  will 
either  require  a  great  effort  on  the  part  of  the  patient  to  eject  it  or  will  have 
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to  be  brought  away  by  artificial  means.  Dilatation  and  thinning  of  the  wall 
of  the  bowel  always  occur  in  these  cases  just  above  the  stricture,  and  furnish 
a  constant  source  of  danger  from  ruptiu'e. 

Diagnosis  of  Stricture  of  the  Rectum. — AVhile  the  history  of  the  case  and 
the  symptoms  may  aid  veiy  much  in  making  the  diagnosis,  a  digital  exam- 
ination, if  the  stricture  is  within  reach,  affords  the  best  positive  means  for 
ascertaining  the  truth.  But,  if  the  stricture  is  located  above  this  point,  the 
pneumatic  proctoscope  (Fig.  306)  will  be  required.  With  this  instrument  the 
surgeon  should  experience  no  difficulty  in  ascertaining  the  true  nature  of  the 
trouble.  Great  care  and  gentleness  should  be  exercised  in  making  the  examina- 
tion, either  with  the  finger  or  with  the  proctoscope;  first,  because  spasmodic 
contraction  is  likely  to  occur,  owing  to  the  irritability  of  the  parts,  and  to  mis- 
lead the  examiner  in  his  judgment;  and,  second,  because  the  diseased  condi- 
tion of  the  bowel  makes  it  very  liable  to  rupture.  As  a  rule,  one  who  has  had 
experience  with  this  method  of  examination,  may  obtain  more  and  better  inform- 
ation from  the  employment  of  the  finger  than  in  any  other  way;  although  he 
may  be  unable  to  reach  the  stricture  itself,  he  will  experience  no  special  difficulty 
in  identifying  and  interpreting  correctly  the  changes  which  are  generally  found 
in  the  rectal  wall  below  this  lesion.  In  females  much  valuable  information 
may  be  obtained  with  regard  to  the  thickness  of  the  stricture  and  also  often 
with  regard  to  the  height  to  which  it  extends,  by  a  combined  vaginal  and  rectal 
examination.  In  both  men  and  women  who  are  not  too  fleshy  much  addi- 
tional information  may  be  gained  by  a  bimanual  examination,  one  finger  being 
placed  high  up  in  the  rectum,  while  the  other  hand  makes  firm  pressure  down- 
ward on  the  abdomen.  This  method  of  making  the  examination  may  be  ren- 
dered still  more  perfect  by  putting  the  patient  under  the  influence  of  a  gen- 
eral anaesthetic.  When  the  stricture  cannot  be  reached  by  the  finger  assisted 
by  these  additional  manipulations,  and  when  the  decision  is  made  to  employ  in- 
struments, we  would  again  caution  the  examiner  about  the  importance  of  han- 
dling them — and  more  particularly  the  long  unyielding  proctoscope — with  very 
great  care,  for  the  leverage  exerted,  when  the  instrument  is  guided  by  the 
handle  at  the  proximal  end,  is  very  great,  and  the  employment  of  what  may 
seem  to  be  very  little  force  may  suffice  to  cause  a  rupture  of  the  bowel.  The 
same  may  be  said  of  a  rectal  bougie,  however  soft  and  flexible,  in  the  hands  of 
the  inexperienced.  The  use  of  this  latter  instrument  is  so  very  liable  to  lead 
to  erroneous  conclusions  that  Httle  weight  is  now  attached  to  it  as  a  help  to 
diagnosis.  What  we  have  said  with  regard  to  the  danger  of  passing  instru- 
ments into  a  rectum  which  is  strictured  and  ulcerated,  becomes  doubly  true 
if  the  instrument  is  passed  when  the  patient  is  under  the  influence  of  an  an- 
aesthetic, as  we  shall  then  be  deprived  of  the  protection  against  inflicting  a 
trauma  which  the  patient's  conscious  sensation  affords  us.  The  pneumatic 
proctoscope  is  much  less  dangerous,  and  really  gives  much  more  information, 
than  the  ordinary  proctoscope,  especially  if  the  following  precautions  are  ob- 
served, viz.:  to  withdraw  the  obturator  as  soon  as  the  proctoscope  has  passed 
the  internal  sphincter;    not  to  push  the  instrument  onward  to  a  still  higher 
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level  except  by  ballooning  the  bo^^■el  with  air  ahead  of  the  proctoscope;  and 
to  keep  a  close  watch  on  that  portion  of  the  bowel  which  is  suspected  of  being 
diseased,  lest  even  the  artificially  produced  distention  be  greater  than  the  organ 
can  with  safety  bear.  By  aid  of  this  instrument  one  may  estimate  the  calibre 
of  the  bowel  and  may  often  distinguish  both  the  nature  and  the  location  of  the 
disease  itself.  If  the  stricture  is  located  beyond  the  field  of  vision  of  the  pneu- 
matic proctoscope,  then  the  pneumatic  sigmoidoscope,  which  is  from  ten  to 
fourteen  inches  long,  may  be  used  for  examining  the  bowel  still  higher  up,  and 
may  be  used  with  just  as  much  safety,  provided  the  proper  care  is  taken.  We 
consider  the  practice  of  introducing  the  w^hole  hand  into  the  rectum,  in  a  case 
of  supposed  stricture,  for  the  purpose  of  making  a  diagnosis,  positively  dangerous. 

When  all  other  means  of  making  a  diagnosis  have  failed,  owing  largely  to 
the  fact  that  the  stricture  is  located  too  high  up  above  the  anal  orifice  for  us 
to  reach  it  by  this  route,  resort  may  be  had  to  laparotomy.  While  this  may 
appear  to  be  a  formidable  procedure  for  such  a  purpose,  yet,  under  proper 
antiseptic  precautions,  it  is  justifiable.  If  it  be  decided  to  make  such  an  ex- 
ploratory laparotomy,  the  incision  should  be  the  same  as  that  employed  for  a 
left  inguinal  colostomy,  this  incision  affording  the  most  convenient  access  to 
the  sigmoid  and  the  upper  portion  of  the  rectimi. 

The  Differential  Diagnosis  between  a  Malignant  and  a  Non-malignant 
Stricture  of  the  Rectmn. — The  making  of  such  a  differential  diagnosis  is  a  mat- 
ter of  great  importance,  and,  in  certain  cases,  is  attended  with  some  difficulty. 
The  most  important  differences  between  the  two  forms  of  disease  may  be  simimed 
up  in  the  following  manner: 

Malignant  Stricture.  Non-Malignant  Stricture. 

Generally  occm^s  in  persons  thirty-  Occurs  at  any  age. 

five  years  of  age  and  over.  Duration,  indefinite. 

Rims  its  course  ordinarily  in  tw^o  Smooth,   hard  and  elastic,   hut  not 

or  three  years.  nodular. 

Loss  of  flesh  and  strength  appear  Discharge   varies    according    to    the 

early.  nature  of  the  stricture,  but  has  no  promi- 

Hard  and  nodular  to  the  touch.  nent  characteristics. 

Has  no  pedicle.  Odor  may  be  fecal,  or  feculent. 

The  stenosis  is  produced  both  by 
the  bulging  of  the  timior  into  the  lumen 
of  the  bowel  and  by  the  fibrous  con- 
traction of  the  remaining  portion  of 
the  circumference  of  the  bowel. 

In  the  early  stages  the  groT\i:h  may 
be  movable,  but  later  it  is  likeh'  to  be 
attached  to  the  sm-roimding  parts. 

The  odor  is  gangrenous. 

A  microscopic  examination  of   an  excised  part  of  the  growih  will  be  of 
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service  in  making  the  diagnosis,  but  it  should  not  be  rehed  upon  too  implic- 
itly, as  the  most  that  can  be  gotten  from  the  growth  is  generally  a  small  por- 
tion of  the  surface,  and  this  does  not  always  afford  a  trustworthy  indication 
of  the  structure  of  the  deeper  parts.  For  the  same  reason  the  employment  of 
this  method  for  differentiating  between  the  different  varieties  of  non-malig- 
nant strictures,  so  long  as  the  obstructing  mass  remains  in  situ,  is  very  unsat- 
isfactory. The  only  trustworthy  microscopic  examination  is  that  which  is 
made  after  the  extirpation  of  the  stricture.  This  statement,  it  should  be  un- 
derstood, does  not  apply  to  the  examination  of  scrapings  from  the  primary 
ulcer  which  subsequently  results  in  the  formation  of  the  stricture. 

The  symptoms  and  the  microscopical  findings  upon  which  reliance  is  gen- 
erally placed  for  distinguishing  between  the  different  varieties  of  inflamma- 
tory stricture,  are  the  following: — 

Syphilitic  strictures  rarely  make  their  appearance  abruptly;  they  show  a 
gradual,  funnel-shaped  contraction,  and  there  is  a  bluish-white  cicatrix  around 
the  edges  of  the  ulcer. 

The  traumatic  or  simple  inflammatory  stricture  generally  develops  abruptl)^, 
and  may  be  limited  to  one  side  of  the  rectum.  It  usually  has  a  smooth  surface, 
is  covered  with  epithelium,  and  in  the  majority  of  instances  is  near  the  anus. 

A  tuberculous  stricture  may  occur  at  any  point  in  the  course  of  the  large 
intestine,  it  is  generally  associated  with,  or  is  secondary  to,  tuberculous  ulcera- 
tion, the  scrapings  from  which — if  the  ulcer  is  still  in  an  unhealed  state — will 
generally  show  the  presence  of  tubercle  bacilH  and  giant  cells.  The  appear- 
ance presented  by  these  ulcers  is  entirely  different  from  that  presented  by  a 
syphilitic  ulcer;  the  mucous  membrane  at  the  edges  of  the  ulcer  being  always 
undenxiined  and  the  base  being  elevated,  whereas  in  the  syphilitic  ulcer  the 
edges  are  never  undermined  and  the  base  is  excavated. 

While  the  therapeutic  test  may  be  of  the  greatest  importance  in  checking 
the  extension  of  the  disease,  it  is  of  little  importance  in  determining  the  nature 
of  the  stricture. 

Treatment  of  Strictures  of  the  Rectum. — If,  in  these  cases,  the  patients 
can  be  seen  during  the  existence  of  the  primary  lesion  and  can  then  be  properly 
treated,  many  of  them  may  unquestionably  be  prevented  from  having  sub- 
sequently a  stricture.  Especially  is  this  true  of  simple  inflammatory  and 
syphiHtic  ulcerations,  and  we  believe  that,  if  the  practice  of  examining  the  rec- 
tum with  a  proctoscope  were  more  generally  adopted  as  a  routine  measure 
during  the  secondary  manifestations  of  syphilis,  or  whenever  symptoms  of 
ulceration  of  the  rectum  show  themselves,  even  if  these  symptoms  consist 
only  of  tenesmus,  pain,  and  a  sense  of  weight  low  down  in  the  pelvis,  stricture 
would  be  much  less  common. 

Wlien  an  ulceration  is  found,  local  applications,  antiseptic  irrigations,  and 
— if  the  ulcer  be  found  to  be  syphilitic — specific  medication,  combined  with  a 
non-irritating  diet,  will  generally  suffice  to  effect  a  cure  before  the  infiltration 
with  fibrous  tissue  takes  place. 

If  the  stricture  has  already  formed,  the  treatment  will  depend,  in  certain 
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respects,  upon  the  stage  of  its  development,  li'  the  stricture  is  in  an  early 
stage,  before  the  fibrous  tissue  has  become  fully  organized,  nmch  may  be  ex- 
pected from  gradual  and  cai'eful  dilatation  with  bougies,  combined  with  anti- 
syphilitic  treatment  if  indicated.  But  when  tlu;  stricture  is  hard,  dense,  and 
unyielding,  little  permanent  good  can  be  expected  from  either  of  these  methods. 
Much  can  be  done,  however,  even  at  this  stage,  for  th(i  comfort  of  the  patient, 
by  so  regulating  his  diet  and  bowels  as  to  give  him  a  soft  and  easy  stool.  The 
diet  should  consist  largely  of  vegetables  and  fruits,  even  at  the  risk  of  irritating 
the  ulcerated  surfaces  above  and  below  the  stricture,  if  such  exist.  The  cell- 
ulose in  these  articles  of  diet  keeps  the  stool  loose  and  spongy,  and,  not- 
withstanding the  presence  of  some  undigested  i)ortions,  renders  it  much  less 
irritating  than  when  it  is  composed  of  hard,  scybalous  masses  such  as  form 
after  a  concentrated,  nitrogenous  diet,  especially  a  diet  composed  largely,  or 
wholly,  of  milk.  The  latter  should  be  positively  prohibited.  Where  diet  fails 
to  produce  a  soft  stool,  resort  must  be  had  to  laxative  but  not  to  purgative 
medicines.  The  laxatives  should  be  of  the  mildest  and  most  unirritating  char- 
acter. Olive  oil,  for  example,  is  an  excellent  remedy  for  keeping  the  stools 
soft  and  mushy.  It  should  be  administered  in  half-ounce  doses,  three  times 
daily  and  about  three  hours  after  a  meal  (that  it  may  be  less  likely  to  undergo 
digestion).  Small  doses  of  castor  oil  or  of  compound  Hcorice  powder  will  answer, 
but  these  remedies  are  more  irritating.  Enemas,  if  properly  administered  (in 
the  knee-chest  position  instead  of  with  a  long  tube,  which  is  not  only  useless, 
but  positively  dangerous),  may  be  of  great  benefit.  When  diarrhoea  is  present 
it  means  either  that  there  is  an  impaction  of  feces  above  the  stricture,  or  that 
there  is  an  ulceration.  In  either  case  the  rectum  must  be  cleared  of  the  fecal 
matter  by  the  gentlest  means ;  and,  if  the  diarrhoea  is  due  to  ulceration,  it  should 
be  treated  by  antiseptic  irrigations  and  by  gently  stimulating  applications. 

Local  and  Op  rative  Treatment.— While  from  an  antiseptic  standpoint  it 
would  be  far  better  to  heal  the  ulceration  before  undertaking  any  surgical  pro- 
cedure, yet,  as  the  ulceration  is  due  to  the  stricture,  it  will  usually  be  impossi- 
ble to  cure  the  former  until  the  latter  is  at  least  in  a  measure  overcome.  An 
attempt  should  be  made  to  sterilize  the  parts  by  washing  out  the  rectum  before 
resorting  to  any  of  the  methods  now  about  to  be  described. 

Gradual  Dilatation.— Gradual  dilatation  is  in  almost  universal  use,  not- 
withstanding the  facts  that  it  is  not  curative,  that  it  is  very  dangerous,  and  that 
it  has  to  be  continued  indefinitely.  It  should  hv  cai-ried  out  with  great  care, 
on  account  of  the  danger  attending  it— viz.,  perforation  or  rupture  of  the  bowel. 
For  this  reason  the  selection  of  the  proper  kind  of  bougie  and  the  method  ofl 
introducing  it  are  matters  of  great  importance.  The  Wales  bougie,  we  believe, 
combines  more  of  the  qualities  required  for  meeting  the  conditions  than  does 
any  other  form  of  bougie.  It  is  sufficiently  flexible  and  soft  not  to  injure  the 
bowel,  and,  in  addition,  it  is  hollow,  so  that  water  or  medicated  solutions  may 
be  passed  through  it. 

The  mistakes  which  are  so  often  made  and  the  diflficulties  which  one  en- 
counters in  passing  a  bougie  through  a  stricture  when  the  latter  is  located 
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above  the  levator  ani  muscle,  make  it  very  necessary  that  we  should  use  some 
more  accurate  and  definite  method  of  conducting  the  operation  than  that  gen- 
erally practised.  We  beheve  that  the  method  recommended  by  Tuttle  (op.  ciL, 
p.  497)  is  the  best  one  of  which  we  have  any  knowledge.  For  several  years  he 
has  made  a  practice  of  first  passing  a  proctoscope  up  to  the  stricture  and  in 
this  manner  locating  the  aperture  of  the  latter.  The  bougie  is  then  passed 
gently  through  the  stricture.  By  this  plan  the  operator  knows  positively  that 
the  bougie  is  engaged  in  the  stricture,  he  is  able  to  determine  accurately  what 
are  the  proper  sizes  to  employ,  and  he  can  in  other  respects  direct  the  plan  rf 
treatment  in  a  definite  and  systematic  manner.  Tuttle  recommends  a  Walts 
bougie  without  a  flange  at  its  distal  end ;  the  absence  of  the  flange  making  it 
possible  for  the  proctoscope  to  be  withdrawn,  while  tlie  bougie  is  left  in  the 
stricture  when  such  a  course  is  deemed  advisable.  If  bougies  are  used  for 
gradual  dilatation  it  is  well  to  begin  with  small  sizes  and  gradually  to  increase 
them  up  to  the  size  which  produces  pain.  Then,  at  the  succeeding  sitting, 
one  should  begin  with  the  bougie  which  is  next  smaller  in  size  than  that  last 
used.  The  bougies  should  be  well  lubricated  ^dth  a  liquid  soap  or  vdth  Digilube 
before  being  introduced.  Oil  or  vasehne  injures  rubber  and  soon  makes  the 
instrument  rough.  The  frequency  with  wliich  the  bougie  should  be  introduced 
depends  upon  the  amount  of  irritation  and  pain  excited  by  it.  If  the  irritation 
and  pain  are  slight,  and  particularly  if  they  have  subsided  by  the  follo\\-ing  day, 
the  bougies  may  be  employed  daily  for  a  short  time.  Then  it  will  be  better  to 
let  several  days  intervene;  and  when  the  sittings  are  resumed,  they  should 
not  occur  oftener  than  every  other  day.  At  each  sitting,  before  one  removes 
the  last  bougie,  it  is  a  good  plan  to  inject  a  w^arm  antiseptic  solution  through 
it  into  the  rectum,  above  the  stricture.  The  patient  should  be  kept  quiet  for 
half  an  hour  after  the  treatment. 

The  length  of  time  a  bougie  should  be  allowed  to  remain  in  varies  with 
different  surgeons  and  with  the  character  of  the  stricture.  The  consensus  of 
opinion  is  in  favor  of  removing  it  immediately  after  it  has  been  passed;  but  we 
think  it  well,  in  very  tight  strictures,  to  allow  the  bougie  to  remain  in  position 
for  twenty-four  hours,  the  first  time  it  is  passed,  in  order  that  it  may  soften  the 
stricture  by  pressure  and  may  also  lessen  the  congestion. 

Quite  a  number  of  other  ingenious  instruments  have  been  de\ased  for  the 
dilatation  of  strictures.  We  shall  have  to  dismiss  them  all  with  the  general 
remark  that  they  are  dangerous  and  unsatisfactory.  Not  one  of  them  can  com- 
pare, in  efficiency  or  safety,  with  the  ^\ales  bougie,  when  properiy  used. 

Rapid  Dilatation.— Rapid  dilatation  has  little  to  recommend  it.  It  is 
apphcable  only  in  constrictions  which  are  situated  low  down — i.e.,  chiefly  in 
constrictions  which  follow  operations.  In  such  cases  the  forcible  dilatation 
may  best  be  done  with  the  fingers  and  under  the  influence  of  one  of  the  more 
transient  general  anaesthetics,  such  as  nitrous  oxide  or  ethyl  chloride.  For 
strictures  which  occur  more  than  three  inches  above  the  anal  margin,  rapid 
dilatation  is  attended  with  too  great  a  risk  of  a  fatal  rupture  of  the  bowel  for 
us  to  recommend  it.     Fortunately,  tliis  method  is  seldom  employed  now. 
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Dilatation  with  Electrolysis. — The  method  of  dilating;  rectal  strictures  under 
the  influence  of  a  galvanic  current  was  very  much  in  vogue  twent}^  years  ago. 
The  associate  author  became  a  very  enthusiastic  champion  of  the  method,  but, 
after  a  perfectly  fair  and  somewhat  protracted  trial,  he  became  thoroughly 
convinced  that  it  exerted  no  permanent  effect  whatever.  While  the  stricture 
will  relax  temporarily  and  the  olive-shapetl  electrode  will  pass  easily  through 
it  under  the  influence  of  the  electric  current,  no  decomposition  of  the  organized 
tissue  takes  place,  nor  does  the  procedure  seem  to  promote  or  stimulate  in  the 
least  the  absorption  of  the  organized  fibrous  deposit. 

Proctotomy. — Proctotomy  consists  in  dividing  a  stricture  of  the  rectum. 
Such  (hvision  may  be  either  partial  or  complete. 

Internal  or  partial  proctotomy  consists  in  nicking  the  margin  of  the  strict- 
ure at  several  points  or  in  cutting  it  completely  through  at  one  point  posteri- 
orly. The  latter  procedure  is  quite  dangerous,  especially  where  the  stricture 
is  located  high  up  in  the  rectum,  on  account  of  the  liability  to  infection  from 
want  of  proper  drainage  and  of  the  diffuse  periproctitis  which  results  from  such 
infection.  The  operation  is  rarely  practised  now  on  account  of  this  danger, 
and  it  may  ordinarily  be  regarded  as  bad  surgery.  There  are  a  few  cases,  how- 
ever, in  which  the  latter  statement  is  not  true — cases,  for  instance,  in  which 
there  is  a  valvular  stricture  at  some  distance  above  the  anus.  In  such  cases 
the  operation  may  be  justified,  but  even  in  these  the  incision  should  not  ex- 
tend back  into  the  retrorectal  space. 

Complete  proctotomy  consists  in  making  an  incision,  in  the  posterior  median 
line,  from  the  upper  limit  of  the  stricture,  down  through  the  anus  and  post- 
anal tissues,  nearly  to  the  coccyx.  By  making  the  incision  in  the  posterior 
median  line  we  shall  cut  only  a  very  few  of  the  fibres  of  the  external  sphincter, 
and  consequently  the  probability  that  incontinence  will  follow  this  operation 
is  not  so  great  as  was  formerly  supposed.  Occasionally,  when  the  wound  has 
been  kept  packed  too  tightly,  or  if,  for  any  other  reason,  there  should  be  a 
large  cicatrix  which  separates  the  ends  of  the  internal  sphincter,  there  may 
follow  a  certain  amount  of  incontinence.  In  anj^  event,  the  incontinence  and 
other  inconveniences  which  may  follow  the  operation  are  of  far  less  importance 
than  the  dangers  and  discomforts  which  are  associated  with  a  stricture.  The 
dangers  of  this  operation  are  very  sunilar  to  those  of  an  internal  proctotomy, 
although,  on  account  of  the  better  drainage,  they  are  not  nearly  so  great.  The 
dangers  referred  to  are:  infection,  periproctitis,  and  hemorrhage.  The  hemor- 
rhage can  be  easily  controlled  by  packing  with  gauze,  and  the  sepsis  and  con- 
sequent proctitis  may  be  prevented  by  taking  the  proper  antiseptic  precautions 
before  the  operation  and  providing  thorough  drainage  afterward.  After  the 
stricture  has  been  incised  and  the  wound  packed,  it  would  be  well  to  introduce 
a  drainage  tube  of  large  size  into  the  rectiun  and  to  push  it  to  a  point  beyond 
the  upper  extremity  of  the  incision.  The  tube  should  then  be  fastened  so  that 
it  shall  remain  in  this  position,  thus  affording  an  outlet  for  gas  and  fluid  fecal 
matter  which  otherwise  would  be  hkely  to  accumulate  and  force  the  packing 
out.     The  first  packing  may  be  introduced  rather  tightly,  to  control  the  hemor- 
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rhage,  but  subsequently  it  should  be  left  veiy  loose,  simply  sufficient  gauze 
being  introduced  to  separate  the  sides  of  the  wound  and  to  assist  in  keeping 
up  free  drainage.  The  wound  should  be  thoroughly  irrigated  twice  or,  still 
better,  three  times  daily,  with  an  antiseptic  solution. 

The  possibility  of  there  being  more  than  one  stricture  should  always  be 
borne  in  mind,  and  the  operation  should  not  be  concluded  until  one  is  able  to 
pass  a  full-sized  bougie  into  the  sigmoid.  A  No.  10,  11,  or  12  bougie  should  be 
passed  dail}^  from  this  time  on.  After  the  lapse  of  a  month  or  six  weeks  one 
may  gradually  lengthen  the  intervals  to  alternate  days,  and  then  to  twice  a 
week.  In  order  to  prevent  the  stricture  from  contracting,  the  passing  of  a 
bougie  should  be  kept  up  for  an  indefinite  length  of  time.  The  operation  is 
not  advisable  in  cases  of  malignant  stricture.  In  cases  in  which  there  are 
fistulous  tracts  which  extend  around  the  stricture,  opening  above  and  below 


Fig.  341.- 


-Bacon's  Entero- Anastomosis  for  Stricture  of  the  Rectum,  First  Stage.      (Tuttle: 
of  the  Anus,  Rectum,  and  Pelvic  Colon."     D.  Appleton  &  Co.,  New  Yorlv.) 
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it,  they  should  all  be  incised;  by  this  procedure  the  stricture  will  be  cut  without 
the  necessity  of  doing  a  posterior  proctotomy.  If  not  a  single  one  of  these  fis- 
tulous tracts  should  open  outside  of  the  external  sphincter,  it  would  be  better 
to  make  a  free  incision  in  the  posterior  median  line,  just  as  is  done  in  posterior 
proctotomy,  in  order  to  furnish  free  drainage. 

The  permanent  benefits  of  a  complete  proctotomy  are  of  a  very  question- 
able character,  and  different  operators  differ  very  materially  in  their  estimate 
of  its  value.  So  far  as  its  immediate  effects  are  concerned — that  is,  the  degree 
of  relief  which  it  affords  the  patient — there  can  be  no  question;  and  often  in 
the  tubular  forms  of  stricture,  which  extend  for  some  distance  up  the  rectum, 
no  more  effective  remedial  measure  can  be  adopted.     But  it  is  only  in  a  few 
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cases  of  annular  and  of  falciform  stricture,  situated  low  down  in  the  rectum, 
that  one  can  claim  for  this  operation  absolutely  curative  results. 

Excision. — Strictures  of  the  rectum  may  be  excised  either  by  the  iJei-ineal 
or  by  the  sacral  route. 

(1)  Excision  by  the  perineal  route  is  applicable  to  those  cases  of  stricture 
which  occur  ^^■ithin  four  inches  of  the  anal  margin.  If  the  sphincters  and  anus 
are  involved,  the  whole  anus  and  rectum  should  be  dissected  out  above  the 
upper  level  of  the  stricture.  If  the  sphincters  ar(>  not  involved,  then  one  of 
several  ways  may  be  adopted:  (a)  First,  the  sjjhincters  are  incised  in  the  me- 
dian line  down  to  the  coccyx;  then  a  circular  in- 
cision, extending  through  the  entire  thickness  of 
the  bowel,  is  made  around  the  rectum  just  above 
the  internal  sphincter;  the  lower  flaps  containing 
the  muscle  having  next  been  drawn,  one  to  one 
side  and  one  to  the  other,  the  rectum  is  dissected 
out,  if  possible,  to  a  level  sufficiently  far  above  the 
stricture  to  allow  the  healthy  and  upper  end  of  the 
rectum  to  be  drawn  down  and  stitched  to  the  edges 
of  the  mucous  membrane  covering  the  sphincter 
muscle;  finally,  the  divided  ends  of  the  muscle  and 
the  margins  of  the  median  wound  are  also  sutured 
together. 

(b)  Second,  an  elliptical  incision  embracing  two- 
thirds  of  the  posterior  circumference  of  the  anus 
and  extending  above  the  sphincters,  is  made,  the 
resulting  flap  is  dissected  forward,  and  the  rectum 
is  amputated  above  the  limits  of  the  stricture.  If 
possible,  the  bowel  is  then  drawn  downward  and 
stitched  to  the  lower  flap  containing  the  sphincters, 
and  the  latter  are  sutured  in  position.  If  it  is  found,  however,  that  this  is 
not  practicable,  the  wound  may  be  left  open  to  heal  by  granulation,  as  in  the 
first  method,  or  the  upper  end  of  the  bowel  may  be  drawn  down  to  an  opeimig 
made  to  one  side  of  the  coccyx  and  an  artificial  anus  established  at  this  point. 
^Yhen  the  stricture  is  located  more  than  four  inches  above  the  anal  margin, 
then  the  sacral  route  will  be  found  more  satisfactory. 

(c)  The  third  and  most  satisfactory  way  of  remo\dng  strictures  in  the  lower 
four  inches  of  the  rectum  is  the  Tuttle-Quenu  method  described  in  the  section 
on  Extirpation  of  the  Rectum  (page  908) . 

(2)  Excision  by  the  sacral  route  may  be  described  as  simply  a  modification 
of  Kraske's  operation  for  excision  of  the  rectum.  The  technique  of  this  opera- 
tion is  fully  described  in  the  section  on  Extirpation  of  the  Rectum.  Where  the 
stricture  is  in  the  pehdc  colon,  it  should  be  removed  by  the  abdominal  route, 
the  divided  ends  of  the  bowel  being  reunited  by  means  of  an  end-to-end  anas- 
tomosis. 

The  results  of  excision  have  not  been  so  gratifying  as  they  at  first  promised 


Fig.  .342. — Bacon's  Entero- 
Anastomosis,  Second  Stage. 
(Tuttle:  "  Diseases  of  the  Anus, 
Rectum,  and  Peh-ic  Colon."  D. 
Appleton  &  Co.,  New  York.) 
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to  be,  principally  on  account  of  the  great  tendcnc}^  of  the  stricture,  especiall}^ 
in  syphilitic  cases,  to  recur.  In  some  instances,  where  the  stricture  failed  to 
recur,  other  evil  results,  such  as  rectitis,  fistula,  and  suppuration,  followed,  and 
any  one  of  these  was  sufficient  to  compel  the  patient  to  wear  a  napkin.  While, 
therefore,  the  operation  does  not  effect  all  that  one  could  wish,  a  review  of  the 
literature  shows  that,  in  about  fifty  per  cent  of  the  cases,  something  nearly 
equivalent  to  a  cure — if  we  disregard  a  certain  amount  of  inconvenience  due 
to  the  conditions  just  mentioned — has  been  attained;  and  this  is  a  decided 
improvement  over  the  results  secured  by  posterior  proctotomy. 

Proctoplasty. — This  term  comprises  some  form  of  plastic  operation  which 


Fig.  343. — Kelly's  En tero- Anastomosis,  First  Stage.      (Tuttle,  op.  cit.) 

has  for  its  object  the  correction  of  deformities  that  have  followed  great  destruc- 
tion of  tissue  around  the  margin  of  the  anus  or  lower  portion  of  the  rectimi. 
Very  ingenious  devices  have  been  practised,  and  their  successful  results  re- 
ported by  Krause  of  Cincinnati,  Williams  of  Melbourne,  Swartz  {Presse  me- 
dicate, 1904,  p.  304),  and  others. 

Lateral  Anastomosis. — Bacon  has  described  {Matthew's  Medical  Quar- 
terly, Vol.  L,  p.  1,  1894)  a  very  ingenious  method  for  establishing  a  lateral 
anastomosis,  between  a  loop  of  the  sigmoid  and  the  rectum,  by  means  of  a 
Murphy  button.  (Fig.  341.)  This  method  is  apphcable  in  cases  where  the 
stricture  is  at  the  upper  end  of  the  rectum  or  in  the  lower  extremity  of  the  sig- 
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moid.  After  the  button  has  cut  its  way  through  the  bowel,  a  long  clamp  is 
introduced  into  the  lower  part  of  the  rectum,  and  one  blade  of  it  Is  pushed  thi-ough 
the  stricture  into  the  upper  part  of  the  rectum  and  the  other  through  the  open- 
ing made  by  the  button  into  the  lower  leg  of  the  anastomosing  loop.  (Fig. 
342.)  The  clamp  is  then  closed  and  allowed  to  remain  until  it  cuts  its  way 
thi'ough  the  septum.  By  this  means  the  cahbre  of  the  rectimi  \^'ill  be  increased 
to  that  of  the  combined  calibres  of  the  sigmoid  and  the  strictured  portion  of  the 
rectum.  Bacon  states  that,  when  the  stricture  is  situated  low  down,  the  oper- 
ation may  be  done  by  the  sacral  method.     Kelly,  of  the  Jolms  Hopkins  Hos- 


FiG.  344. — Kellj-*s  Eiitero--\iiastoinosis.  Second  Stage.     (Tuttle,  op.  cit.) 

pital,  has  reported  a  case  successfully  operated  upon  by  a  somewhat  similar 
de^"ice,  but  without  the  aid  of  a  ^lurphy  button  or  any  other  mechanical  de\'ice. 
(Figs.  343  and  3-i4:  see  also  Colorectostomy.  p.  922.)  (Kellj-'s  "Operative 
G^Tiiecolog}'."  p.  olo.) 

Colostomy. — Until  recently  colostomy  for  the  relief  of  a  non-mahgnant 
stricture  of  the  rectmn  was  done  only  as  a  last  resort,  as  when  complete  ob- 
struction was  imminent  or  when  the  pain  from  the  obstruction  had  become 
unbearable.  However,  since  improved  methods  and  better  technique  have 
been  introduced,  the  operation  is  highly  recommended  in  cases  where  the  strict- 
ure is  inoperable  by  excision  or  by  proctotomy,  and  also  when  it  has  recurred 
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after  these  operations,  or  where  complete  obstruction  is  inevitable.  Still  more 
recently,  a  temporary  inguinal  colostomy  has  been  recommended  for  cases 
which  have  not  reached  the  extremes  mentioned  in  the  first  part  of  this  para- 
graph, but  which  require  functional  rest  and  freedom  from  the  irritation  caused 
b}'  the  contact  of  fecal  matter  with  a  badly  diseased  and  strictured  bowel. 
The  underlying  idea,  in  this  recommendation,  is  that  partly  by  the  relief  which 
will  thus  be  afforded  and  partly  by  the  benefit  that  may  be  expected  to  follow 
constitutional  treatment,  complete  drainage,  and  thorough  irrigation,  the 
bowel  will  be  restored  to  a  fairly  normal  condition  and  the  necessity  for  a  sub- 
sequent operation  will  be  done  away  with.  On  the  other  hand,  should  the 
expected  benefit  not  be  realized  in  full  measure  and  should  an  operation  become 
necessary,  all  this  quieting  treatment  will  serve  to  diminish  greatly  the  danger 
of  sepsis  in  connection  therewith.  But,  if  the  calibre  of  the  bowel  is  restored 
to  its  normal  size  and  if  the  walls  of  the  organ  resume  a  healthy  state,  the 
artificial  anus  may  be  closed.  Temporary  colostomy  as  a  palliative  measure 
for  the  treatment  of  an  ulcerated  and  strictured  rectum  or  sigmoid,  has  fur- 
nished satisfactory  results  in  the  hands  of  Theim,  Lowson,  and  Tuttle,  and 
these  results  have  encouraged  others  to  try  it  in  suitable  cases. 

X.  PRURITUS  ANI. 

The  exact  status  of  pruritus  ani  has  always  been  uncertain,  owing  to  the 
existence  of  some  doubt  as  to  whether  it  is  a  disease  per  se  or  only  a  symptom. 
Just  in  proportion  as  our  knowledge  of  the  essential  characteristics  of  this  dis- 
order has  increased,  has  the  former  view  given  place  to  the  latter,  until  now 
there  are  not  a  few  who  claim  that  there  are  no  cases  of  pruritus  ani  essentialis, 
and  that  the  few  cases  in  which  w^e  are  unable  to  ascertain  the  etiology  should 
not  be  placed  in  this  category,  but  should  be  classified  simply  as  cases  of  which 
we  are  unable  to  discover  the  real  cause.  WTiile  unquestionably  there  are  a  few^ 
cases  in  which  no  diseased  condition  can  be  found,  either  in  the  anus  or  in  the 
lower  portion  of  the  rectum,  yet  we  also  know  that  there  are  many  cases  which 
may  be  directly  traced  to  diseased  conditions  in  adjoining  organs  or  to  constitu- 
tional causes.  We  are  therefore  of  the  opinion  that  there  is  no  such  condition 
as  pruritus  ani  essentialis,  but  that  every  case  of  pruritus,  no  matter  how  mild 
or  how  severe,  can  be  accounted  for  by  some  functional  or  organic  change, 
either  localized  or  of  a  general  character. 

Pruritus  ani  may  be  associated  with  or  caused  by  almost  every  known  dis- 
ease of  the  rectum  or  anus  and  by  certain  constitutional  states ;  it  may  also  be 
produced  reflexly  by  diseased  conditions  in  the  genital  organs.  Dr.  J.  C.  Hill,  of 
Boston,  gives  the  following  definition:  "Pruritus  ani  is  the  symptom  caused 
by  unnatural  moisture  or  discharges  which  are  produced  either  by  lesions  about 
the  anus,  or  by  congestion  or  some  other  pathological  condition  in  the  rectum 
or  sigmoid."     And  we  would  add:   by  a  lithsemic,  uricaemic,  or  gouty  diathesis. 

Etiology. — The  causes  of  pruritus  ani  may  be  divided  into  external,  inter- 
nal, constitutional,  and  reflex. 
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External  Causes. — External  causes  are  such  as  affect  the  external  anal  sur- 
face. Under  this  heading  may  be  included  pediculi  and  other  parasites,  eczema, 
demiatitis,  herpes,  and  ciythcma. 

The  pediculi  whicii  are  most  likely  to  infest  the  anus  are  those  belonging  to 
the  variety  termed  Pediculus  inguinalis,  or  crab-louse.  Of  the  other  visible 
parasites  that  produce  itching  around  the  anus,  the  tricoph}1;on  is  the  one 
most  commonly  found.  This  parasite  is  the  cause  of  eczema  marginatum.  It 
is  found  in  the  superficial  layei-s  of  the  epidennis,  and  is  said  to  be  highly  con- 
tagious. A  microscopic  examination  will  always  disclose  its  presence.  The 
characteristic  feature  of  the  fungus  is  to  be  fcnuid  in  the  fact  that  it  contains 
veiy  numerous  spores  or  mycelia. 

Herpes  around  the  margin  of  the  anus  is  an  occasional  exciting  cause  of 
pruritus  ani.  It  is  readily  recognized,  and  its  treatment  calls  for  no  special 
comment. 

Of  the  local  tissue  changes,  both  external  and  internal,  which  are  likely  to 
produce  pmritus  ani,  by  far  the  most  important,  Ave  believe,  are  the  super- 
ficial ulcerations  or  abrasions  of  the  anal  canal.  Xext  follow  the  catarrhal 
diseases  of  the  rectum  and  lower  portion  of  the  sigmoid.  Then,  finally,  come 
hemorrhoids  and  inflammation  of  the  ciypts  of  ]\Iorgagni.  The  action  of  all 
these  causes  in  bringing  about  pmritus  is  through  the  irritation  which  they 
produce  on  the  sensoiy  nerve  endings.  This  has  been  emphasized  by  Wallis 
and  Hill,  who  lay  a  great  deal  of  stress  upon  the  irritating  character  of  the  dis- 
charges from  superfcial  anal  ulcerations,  as  the  chief  cause  of  pruritus;  they 
also  ascribe  the  same  effects  to  irritating  vaginal  discharges.  Thread  worms, 
and,  occasionally,  lumbricoids,  may  produce  anno}4ng  pruritus.  The  congestion 
of  the  rectal  tissues  resulting  from  habitual  constipation  may  be  a  frequent 
cause.  Smooth  foreign  bodies  in  the  rectum  and  also  timiors  of  the  rectuni 
or  even  of  some  adjoining  organ  may,  by  favoring  a  certain  degree  of  consti- 
pation, act  as  causative  factors.  Dr.  CuUen,  of  the  Johns  Hopkins  Hospital, 
mentions  a  case  of  veiy  aggravated  pruritus  which  had  lasted  for  some  time 
and  had  resisted  all  fomis  of  treatment.  In  this  case  the  itching  was  almost 
immediately  and  pemianently  relieved  by  removing  a  fibroid  of  the  uterus. 
The  dr}'  brittle  condition  of  the  mucous  membrane  over  the  anal  orifice,  which 
is  so  frequently  associated  ■^"ith  pruritus,  is  a  result  of  atrophic  catarrh. 

Constitutional  Causes.— Among  the  constitutional  causes  may  be  mentioned 
digestive  derangements,  m-ic£emic  rheumatism,  gout,  and  diabetes.  Certain 
articles  of  diet,  such  as  shell  fish,  strawberries,  and  an  excess  of  condiments, 
are  very  prone,  in  certaui  indi\iduals-,  to  bring  on  pruritus.  The  same  remark 
applies  also  to  any  articles  of  diet  vrhich  undergo  excessive  fermentative  changes. 

Refle.z  Caa.^es. — Among  the  reflex  causes  may  be  mentioned  stone  in  the 
bladder,  enlarged  prostate,  urethral  stricture,  and  tumore  in  adjoiaing  organs, 
as  in  Dr.  Cullen's  case,  cited  above. 

Chl^racteristics  axd  Symptoms. — As  to  when  or  how  this  anno}ring  affec- 
tion begins,  few  patients  are  able  to  give  a  satisfactory  account.  They  nearly 
all  state  that,  for  some  time  previously,  they  have  had  a  sensation  of  uneasi- 
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ness  in  the  anal  region,  and  a  disposition  to  scratch  themselves  at  this  point, 
but  they  are  unable  definitely  to  fix  the  time  when  this  sensation  changed  from 
one  of  pleasure  to  that  of  an  insatiable  itching,  which  gave  rise  to  a  madden- 
ing desire  to  tear  the  parts  to  pieces.  The  incessant  and  intolerable  itching 
generally  comes  on  after  the  patient  is  comfortably  settled  in  bed.  In  other 
cases  it  may  come  on  either  during  the  day  or  during  the  night,  being  excited 
by  various,  yet  frequently  the  most  trivial  causes.  After  the  itching  has  con- 
tinued for  a  considerable  period  of  time,  the  skin  around  the  margin  of  the  anus 
becomes  thickened  and  at  times  cedematous ;  at  other  times  it  is  raised  in  folds 
and  presents  a  white  and  sodden  appearance.  The  furrows  between  the  folds 
generally  split,  crack,  and  exude  a  foul-smelling  discharge.  The  surface  of  the 
transitional  zone  is  often  dry  and  brittle,  and  cracks  when  distended.  This 
condition  not  infrequently  extends  a  short  distance  into  the  adjoining  mucous 
membrane.  While  many  of  these  conditions  may  in  part  be  the  direct  result 
of  the  scratching  incident  to  the  itching,  they  are  probably  due  in  greater  part 
to  the  same  pathological  lesion  which  has  caused  the  itching.  On  the  other 
hand,  we  are  disposed  to  believe  that,  in  a  certain  number  of  cases  in  which  the 
initial  exciting  cause  has  been  removed,  either  by  natural  or  by  artificial  means, 
the  itching  is  still  kept  up  by  the  thickened  condition  of  the  skin,  which  pinches 
and  scjueezes  the  sensory  nerve  endings,  or  also  to  some  extent  by  the  irrita- 
tion of  the  skin  surface  which  is  kept  up  by  the  discharge  which  exudes  from 
the  cracks  between  the  folds  or  from  those  on  the  marginal  surface. 

Treatment. — As  pruritus  ani  is  not  a  disease,  but  a  symptom  of  some  other 
pathological  condition,  permanent  relief  from  the  itching  may  be  looked  for 
only  by  relieving  or  removing  the  pathological  condition,  whatever  that  may  be. 
While  this  is  being  done,  local  remedies  should  be  used  for  the  relief  of  the  dis- 
comfort. If  the  pathological  condition  is  one  that  requires  removal  as  the  only 
means  of  getting  rid  of  it — as  is  often  the  case,  for  example,  in  hemorrhoids, 
condylomata,  fistula,  fissure,  or  stricture — the  appropriate  operation  should 
be  performed.  If  the  affection  is  due  to  the  presence  of  thread  worms,  lime 
water  should  be  injected  high  up  into  the  bow^el  and  in  large  quantities,  so  that 
it  may  reach  all  the  w^ay  round  to  the  caecum,  the  usual  habitat  for  these  organ- 
isms. When  they  are  found  in  the  rectum  their  presence  in  this  locality  is  to 
be  explained  on  the  assumption  that  they  have  been  brought  down  to  this 
point  by  the  fecal  matter  and  the  mucus.  If  lice  are  causing  the  trouble  they 
can  readily  be  gotten  rid  of  by  the  liberal  use  of  blue  ointment  or  coal  oil.  In 
the  case  of  the  tricophyton  fungus  the  most  effective  remedy  to  employ  is  an 
ointment  containing  about  two  per  cent  of  salicjdic  acid  and  three  per  cent 
of  Calvert's  carbolic  acid.  When  the  pruritus  is  dependent  upon  reflex  causes, 
they  should  be  removed  whenever  practicable.  When  it  is  due  to  rheumatic 
and  gouty  conditions  they  should  be  treated,  as  we  have  been  taught,  by  gen- 
eral medication. 

The  habits  and  diet  of  the  patient  should  be  regulated,  the  latter  being 
made  less  stimulating  and  more  easily  digested.  Evacuations  should  be  secured 
regularly,  but  without  purging. 
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In  those  cases  in  which  the  pruritus  is  due  to  catarrhal  conditions  of  the 
rectum  and  sijijmoid,  these  should  h(>  treatcxi  as  jjreviousl}^  directed  in  the  sec- 
tion devoted  to  that  siihjcct.  As  the  pi'iii'itus  is  nearly  always  increased  by 
the  warmth  of  the  bed,  it  is  always  a  good  precaution  to  let  these  patients  sleep 
between  linen  sheets,  and  the  bed  covering  should  be  as  light  as  is  compatible 
with  the  comfort  of  the  patient. 

Local  Therapeutic  Measures. — While  the  pathological  conditions  which  are 
the  cause  of  the  pruritus  ani  are  being  removed,  local  applications  will  have  to 
be  relied  upon  for  the  relief  of  the  intoIeral)le  itching.  Such  api)lications  have 
been  suggested  in  very  great  variety,  and  we  cannot  attempt,  within  the  limits 
of  the  space  at  our  disposal,  to  enumerate  more  than  a  few  of  them.  The  ap- 
plication of  as  hot  water  as  can  be  borne  to  the  anus  and  adjoining  surfaces, 
just  before  the  patient  retires,  will  frequently  allay  the  itching  and  enable  him 
to  get  a  comfortable  night's  rest.  The  procedure  may  be  repeated  during  the 
night,  if  the  itching  should  return.  If  it  fails  to  give  relief,  then  one  of  the 
applications  now  about  to  be  mentioned  will  have  to  be  employed.  Carbolic 
acid,  in  combination  with  some  other  agents,  is  probably  the  remedy  most 
generally  used,  and  the  one  most  successful  in  allaying  the  itching.  We  would 
advise,  how^ever,  that  Calvert's  preparation  of  the  acid  be  always  specified,  for 
this  purpose,  as  it  is  less  irritating  than  any  other  that  we  have  ever  tried. 

The  following  are  good  preparations  for  anointing  purposes : 

(1)  I^  Gum  camphorse 3  i.  (2)  I^  Acid,     carbolic.     (Calvert 

Spts.  rectificat ,  q.s.  No,  1) 3  ss. 

Lanolini |  i.  Acid,  salicylici 3  ss. 

M.  ft.  ungt.       S. :   Apply  before  retiring  and  Lanolini q.s.  ad  |  ss. 

after  bathing  the  parts  in  hot  water.  M.  ft.  ungt.      S. :   Apply  to  the  parts  after 

bathing  them  in  hot  water ;  and  this  may  be 
repeated  during  the  night. 

Dr.  Louis  H.  Adler,  Jr.,  of  Philadelphia,  has  reported  most  satisfactoiy 
results  from  the  use  of  the  nitrate  of  mercury  ointment  in  strengths  vaiying 
from  10  per  cent  up  to  full  strength.  Reliable  authorities,  however,  have  re- 
ported cases  in  w^hich  all  local  applications  and  a  variety  of  constitutional  forms 
of  treatment  have  proved  ineffectual  in  reheving  the  intolerable  itching.  In 
such  cases  heroic  measures  have  then  been  resorted  to  for  the  relief  of  the  dis- 
tress, but  the  results  have  not  been  very  satisfactory.  Among  such  measures 
removal  of  the  superficial  skin  for  a  distance  of  about  one  inch  around  the  anal 
margin,  as  suggested  by  Dr.  J.  M.  Matthews;  and  deep  and  persistent  pressure 
upon  the  parts,  as  advised  by  Allingham.  This  is  accomplished  by  means  of  a 
specially  formed  plug,  which  is  to  be  introduced  into  the  anus  at  bedtime,  and 
is  to  be  kept  in  position  throughout  the  night  by  means  of  a  suitable  bandage. 
The  x-ray  and  high-frequency  currents  are  now  being  tried,  with  excellent  re- 
sults in  some  cases  and  absolute  failure  in  others.  Of  the  operative  procedures 
which  have  been  tried  the  one  devised  by  Sir  Charles  Ball  is  the  most  satisfac- 
tory, and  is  described  as  follows  (British  Med.  Journal,  Vol.  I.,  p.  113,  January, 
1905) :   The  skin  having  been  cleansed  as  completely  as  possible  and  shaved, 
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two  curvctl  incisions,  one  on  each  side  of  the  affected  area,  are  made,  enclos- 
ing the  entire  elKpse  with  the  exception  of  a  narrow  neck  in  front  and  one 
behind.  These  incisions  are  next  carried  down  to  the  sphincter  muscle  and 
the  flaps  are  raised,  by  careful  dissection  with  scissors,  from  the  surface  of 
the  muscle,  around  its  anal  margin,  and  up  the  anal  canal  to  a  line  above  the 
muco-cutaneous  junction,  the  dissection  extending  around  the  entire  circum- 
ference and  all  connections  with  the  subjacent  tissues  being  divided.  The 
pedicles  in  front  and  behind  are  now  undercut  to  a  point  well  be3^ond  the  area 
of  irritation,  and  the  outer  concave  edges  of  the  incision  are  also  undercut  to 
a  distance  of  at  least  a  quarter  of  an  inch  beyond  the  involved  skin  all  around. 
Care  must  next  be  taken  to  stop  all  bleeding,  and  the  flaps  should  not  be  re- 
placed until  it  has  ceased  entirely,  as  the  formation  of  a  htematoma  in  the 
wound  might  compromise  the  vitality  of  the  flaps.  The  flaps  are  finally 
replaced  and  retained  by  sutures,  a  few  intervals  being  left  between  them  for 
drainage. 

Dr.  Charles  T.  Martin,  of  Cleveland,  Ohio,  has  modified  Ball's  operation  by 
leaving  a  pedicle  on  the  sides  as  well  as  in  front  and  behind.  The  immediate 
result  of  this  operation  is  to  render  the  entire  ellipse  included  between  the  in- 
cision, the  pedicles,  and  outer  edges,  as  far  as  they  have  been  undercut,  super- 
ficially anaesthetic,  and  the  itching  is  at  once  relieved. 

XL  HEMORRHOIDS;  PILES. 

Definition,  Etiology,  and  Classification. — A  hemorrhoid  or  pile  is  a 
collection  of  dilated  blood-vessels,  with  a  general  increase  of  the  connective- 
tissue  elements  and  hypertrophy  of  the  vessel  walls — a  true  tumor  formation. 

The  causes  are  predisposing  and  exciting.  Of  the  former  may  be  mentioned 
age,  the  disease  being  much  rarer  in  children  than  in  adults.  It  is  also  more 
frequent  in  men  than  in  women.  Occupation,  habits,  environment,  and  hered- 
ity, all  exert  some  influence  upon  the  development  of  the  disease. 

Among  the  predisposing  causes  may  also  be  mentioned  man's  erect  posture, 
the  absence  of  valves  in  the  portal  vessels,  the  puncture  of  the  muscular  coat 
of  the  rectal  wall  by  the  blood-vessels,  and  the  want  of  proper  support  for 
the  vessels  by  reason  of  the  loose  attachment  of  the  mucous  membrane  to  the 
submucous  coat. 

Of  the  exciting  causes  probably  the  most  frequent  are  constipation,  excesses 
in  alcoholism,  the  habit  of  sitting  too  long  at  stool,  and  the  habitual  use  of 
warm-water  injections,  all  of  which  determine  blood  to  the  parts.  Hemor- 
rhoids may  frecjuently  be  the  result  of  some  disease  of  the  heart,  liver,  or  kidne3's. 

As  to  the  different  varieties  of  hemorrhoids  it  will  be  found  sufficient  to 
include  them  under  three  headings,  viz.,  external,  internal,  and  mixed.  Ex- 
ternal hemorrhoids  are  those  which  develop  from  the  inferior  hemorrhoidal 
veins;  internal  hemorrhoids  are  those  which  develop  from  the  superior  hemor- 
rhoidal veins;  and  mixed  hemorrhoids  are  those  in  which  both  the  superior 
and  the  inferior  hemorrhoidal  veins  are  affected. 
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External  Hemorrhoids.— External  hemorrhoids  may  be  subdivided  into 
three  varieties:   thrombotic,  varicose,  and  connective-tissue  hemorrhoids. 

Thrombotic  Hemorrhoids. — A  thrombotic  pile  is  an  oval,  purplish  swelling 
which  occurs  at  the  anal  margin,  and  is  due  to  the  formation  of  a  thrombus 
in  a  varicose  vein.  This  thrombus  is  generallj^  caused  by  tlu;  rupture  of  the 
intc^rnal  coat  of  the  vein,  or  by  a  hemorrhage  into  the  cellular  tissue  around 
the  anus.  It  occurs  suddenly,  generally  from  straining  at  stool,  and  as  a  rule 
is  attended  with  considerable  pain.  Such  thi-ombotic  ])iles  vary  in  size  from 
a  pea  to  a  walnut  (Fig.  345),  and  are  readily- 
recognized  by  their  color  and  location.  This 
variety  of  hemorrhoids,  if  left  alone,  may  termi- 
nate in  one  of  three  ways,  viz.:  the  clot  may  be- 
come absorbed ;  it  may  become  organized  or  calci- 
fied; or  it  may  become  infected  and  break  down, 
forming  an  abscess. 

Unless  the  clot  is  very  small  and  painless, 
these  hemorrhoids  should  invariably  be  opened 
and  the  clot  turned  out.  The  surface  should 
first  be  made  antiseptic  and  then  a  one-half  of 
one-per-cent  solution  of  cocaine  should  be  in- 
jected into  the  skin  over  the  tumor.  A  few  min- 
utes later  an  incision  is  made  parallel  with  the 
radial  folds,  directly  down  to  the  clot,  and  the 
latter  is  then  turned  out.  If  the  thrombus  is 
large  and  is  attended  with  a  number  of  small  ones,  the  tissue  containing 
them  should  be  dissected  out.  The  cavity  should  then  be  packed  with  gauze 
to  prevent  the  sides  of  the  wound  from  becoming  adherent  and  the  cavity 
from  filling  with  blood.  The  gauze  should  be  removed  in  a  couple  of  days  and 
the  wound  kept  perfectly  clean. 

Varicose  External  Hemorrhoids. — In  this  variety  of  hemorrhoids  there  is  a 
varicose  condition  of  the  subcutaneous  veins  surrounding  the  margin  of  the 
anus.  These  veins  become  very  much  distended  with  -blood  whenever  press- 
ure is  brought  to  bear  on  the  parts,  as  in  long  standing  or  walking,  constipation, 
and  prolonged  sitting  or  straining  at  stool. 

The  symptoms  do  not  attract  much  attention  until  the  hemorrhoids  become 
inflamed,  which  is  likely  to  be  preceded  by  the  formation  of  small,  multiple 
thrombi.  When  these  vessels  are  distended  by  straining  there  will  be  seen  a 
bulging  mass,  of  a  decidedly  bluish  color,  surrounding  the  anal  margin. 

When  these  hemorrhoidal  tumors  are  not  inflamed,  no  treatment  is  needed 
except  to  give  the  patient  some  general  directions  for  the  relief  of  the  strain 
upon  the  vessel  walls.  If  this  varicose  condition  of  the  anal  veins  is  accom- 
panied by  a  tight,  spasmodic  stricture,  the  latter  should  be  either  gradually  or 
forcibly  dilated.  The  diet  should  be  of  such  a  character  as  to  prevent  consti- 
pation, and  the  circulation  should  be  assisted  by  active,  outdoor  exercise.  On 
the    other    hand,  when  hemorrhoids  of  this  character  do  become    inflamed, 


Fig.    345. — Thrombotic    Hemor- 
rhoid.     (Earle  and  Tuttle.) 
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whether  they  are  associated  with  internal  hemorrhoids  or  not,  they  should  be 
removed,  either  jointly  with  the  internal  hemorrhoids,  or  separately.  If  the 
external  and  internal  hemorrhoids  are  both  removed  at  the  same  time,  the 
method  adopted  should  be  either  that  of  Whitehead  or  Earle's  modification  of 
the  same.  If  they  are  removed  separately,  the  internal  hemorrhoids  should 
first  be  removed  by  Earle's  clamp-and-suture  method,  and  then  an  incision 
should  be  made  in  the  skin  on  each  side  of  the  anal  margin  at  the  most  depend- 
ent part  of  the  protrusion,  the  varicose  vessels  should  be  cut  away  with  curved 
scissors,  some  of  the  redundant  skin  removed,  and  the  wound  closed  by  com- 
pression. 

Connective-tissue  External  Hemorrhoids. — Connective-tissue  external  hemor- 
rhoids are  tags  or  redundant  pieces  of  skin,  combined  with  new  connective 
tissue  beneath.  They  result  from  repeated  attacks  of  inflammation  following 
thrombosis  of  varicose  hemorrhoids,  or  from  some  chronic  form  of  inflamma- 
tion around  the  anal  margin.  Connective-tissue  hemorrhoids  are  themselves 
in  turn  liable  to  become  inflamed,  and  when  this  happens  they  should  either 
be  treated  by  palliative  measures  or  be  excised.  When  not  inflamed  they 
appear  as  flat  folds  or  tags  of  skin.  So  long  as  they  cause  no  inconvenience  it 
is  not  necessary  to  interfere  with  them  except  for  purposes  of  cleanliness  or  in 
the  course  of  other  operations. 

Internal  Hemorrhoids. — For  all  practical  pinposes  it  is  sufficient  to  divide 
internal  hemorrhoids  into  three  subdivisions,  viz.,  capillary,  varicose,  and 
thrombotic. 

We  wish  to  correct  a  very  prevalent  error  with  regard  to  the  location  of 
internal  hemorrhoids.  They  are  frequently  spoken  of  as  being  high  up  in  the 
rectum.  They  are  never  higher  than  immediately  above  and  overhanging  the 
upper  margin  of  the  internal  sphincter. 

Capillary  Hemorrhoids. — Capillary  hemorrhoids  are  raspberry-like  develop- 
ments, composed  largely  of  capillaries  which  are  very  superficially  located  on 
the  surface  of  the  mucous  membrane  of  the  rectum,  just  within  the  internal 
sphincter.  They  can  frequently  be  exposed  merely  by  separating  the  but- 
tocks and  making  the  patient  bear  down;  if  this  does  not  succeed  in  bringing 
them  into  ^dew,  they  may  be  seen  through  a  speculum.  They  bleed  very 
freely,  the  blood  being  of  a  bright-red  color.  When  they  have  existed  for  some 
time,  the  mucous  membrane  covering  them  becomes  thickened,  the  connective- 
tissue  elements  increase,  and  the  bleeding  gradually  ceases.  The  vessel  walls 
then  begin  to  dilate,  the  tumor  increases  in  size,  and  there  is  developed  event- 
ually the  venous  or  varicose  variety  of  hemorrhoids. 

Varicose  and  Thrombotic  Internal  Hemorrhoids. — The  varicose  and  the  throm- 
botic internal  hemorrhoids  are  both  included  under  the  same  heading,  because 
the  latter  represent  merely  a  stage  in  the  development  of  the  former,  and  are 
the  result  of  the  thinned  and  varicose  condition  of  the  vessel  walls.  They 
originate  in  the  venous  pools  that  connect  the  arterial  with  the  venous  circu- 
lation. 

These  hemorrhoids  are  due  to  the  same  causes  as  those  which  produce  the 
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previous  varieties  (q.v.).  They  are  located  at  the  sides  of  the  rectum,  over- 
hang the  margin  of  the  internal  sphincter,  and  often  protrude  through  both 
sphincters.  They  frequently  occupy  the  entire  anal  circumference.  They  are 
lobulated  in  shape  and  can  be  readih'  brought  into  view  by  separating  the  but- 
tocks and  dragging  down  upon  the  margins  of  the  anus,  the  patient  bemg 
directed  to  bear  down  at  the  same  time. 

The  most  frequent  symptoms  are  bleeding  and  protrusion.  The  bleeding, 
while  it  does  not  occur  so  frequently  as  it  does  from  capillaiy  hemorrhoids, 
is  likely  to  be  more  copious.  The  color  of  the  blood  from  hemorrhoids  is 
alwa}'s  of  a  bright-red  hue.  It  may  sometimes  be  passed  in  a  clotted  state, 
which  is  due  to  the  fact  that  an  internal  pile  may  continue  to  bleed  for  a 
while  after  it  has  been  returned  into  the  rectum.  The  blood  which  then 
escapes  from  the  vessel  will  clot  and  will  come  away  in  this  form  with  the 
next  stool. 

The  protrusion  does  not  take  place  until  the  piles  ha^'e  reached  considerable 
size.  At  first,  they  protrude  only  at  stool  and  go  back  of  themselves,  without 
assistance.  As  the  hemorrhoids  increase  in  size,  the  sphincter  becomes  weaker 
from  the  increased  pressure  and  consequently  less  able  to  retain  them  in  place. 
They  then  frequentlj^  protrude  on  coughing,  sneezing,  or  after  prolonged  stand- 
ing. If  the}''  are  allowed  to  remain  down  for  any  length  of  tune,  they  become 
engorged  with  blood  and  swell,  and  this  in  turn  stimulates  the  sphincter,  which 
still  has  considerable  power,  to  increased  contraction,  as  a  result  of  which  the 
hemorrhoids  become  strangulated. 

When  not  inflamed  or  strangulated  this  variety  of  piles  is  not  usually  at- 
tended with  much  pain,  but  frequentl}''  with  a  sense  of  weight  and  aching  in 
the  sacral  and  perianal  region.  From  distention  of  the  walls  of  the  vein  through 
stasis  of  the  local  circulation,  the  internal  coat  frequently  gives  way  and  a 
thrombus  is  thus  formed.  This  is  almost  sure  to  happen  when  these  hemor- 
rhoids become  acutel}^  inflamed,  and  is  both  a  cause  and  a  result  of  the  inflam- 
mation. The  clots  are  generally  small  and  multiple.  Internal  hemorrhoids 
frequentl}^  give  rise  to  reflex  sjanptoms  in  the  stomach  and  intestines,  shooting 
pains  down  the  limbs  and  in  the  back,  constipation,  and  aniemia  from  the  loss 
of  blood. 

Strangulated  HemorrJiGids. — Strangulation  of  internal  hemorrhoids  may 
occur  in  one  of  two  ways:  either  b}'  the  protruding  tumors  being  strangulated 
by  a  spasmodically  constricted  sphincter  muscle,  or  by  the  hemorrhoidal  vessels 
becoming  plugged  by  thrombi.  It  is  important  to  differentiate  between  these 
two  classes  of  cases  of  strangulated  hemorrhoids,  as  those  which  belong  to  the 
former  class  can  be  promptl}^  reheved  by  stretching  the  sphincter,  whereas  those 
which  belong  to  the  latter  require  more  radical  operative  measures.  Strangu- 
lation can  occur  only  in  internal  and  mixed  hemorrhoids ;  no  attempt  should  be 
made  to  replace  any  but  the  former  or  the  internal  portion  of  mixed  hemor- 
rhoids. Even  when  the  strangulation  and  obstruction  have  resulted  in  slough- 
ing and  threatened  gangrene,  one  should  not  hesitate  promptly  to  excise  the 
hemorrhoids — better  by  the  thenno-cautery  or  electro-cautery  knife,  on  account 
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Fig.  346. — Mixed  Hemorrhoids. 
(Earle  and  Tuttle.) 


of  the  septic  conditions.     The  operation  is  attended  with  less  risk  than  one 
would  expect  from  tlie  sloughing  and  gangrene. 

Mixed  Hemorrhoids. — In  mixed  hemorrhoids  (Fig.  346)  we  have  a  com- 
bination of  external  and  internal  hemorrhoids  in  the  same  subject,  and  at  the 
same  time  there  is  a  breaking  down  of  the  partition  line  or  line  of  demarcation 
between  the  two  (viz.,  ''Hilton's  white  line"),  together  with  the  establishment 
of  free  anastomosis  between  their  respective  circulations. 

The  descriptions  already  given  of  the  two  pre- 
vious varieties  will  suffice  for  this  one. 

Treatment  of  Internal  and  Mixed  Hemor- 
rhoids.— In  the  treatment  of  these  two  varieties 
of  hemorrhoids  one  may  adopt  either  palliative  or 
curative  measures. 

Palliative  Treatment. — Now  that  hemorrhoids 
can  be  operated  upon  with  so  nuich  safety,  with 
such  brief  detention  from  business,  and  even  with 
the  aid  of  only  local  ana3sthesia,  there  would  seem 
to  be  little  need  for  palliative  treatment.  There 
are  many  cases,  however,  in  which  operative  meas- 
ures of  any  kind  are  contra-indicated,  and  others 
in  \Ahich  the  patient  positively  refuses  to  be  oper- 
ated upon.  In  order  to  meet  the  needs  of  such 
cases,  therefore,  special  care  should  be  taken  in  the 
matter  of  palliative  measures.  The  principal  sj-mptoms  to  be  met  in  the 
palliative  treatment  of  hemorrhoids  are  the  arrest  of  hemorrhage  and  the 
prevention  of  prolapse  of  the  hemorrhoids.  The  immediate  arrest  of  the 
hemorrhage  may  be  effected  without  difficulty  by  the  employment  of  cold, 
by  the  application  of  styptic  or  astringent  remedies,  and  by  confining  the 
patient  to  the  recumbent  position  directly  after  stool.  To  prevent  a  re- 
currence of  the  bleeding  special  attention  should  be  paid  to  the  diet,  with  a 
view  to  making  the  stool  soft  and  mushy;  and  the  patient  should  be  advised 
to  take  plenty  of  outdoor  exercise  and  to  administer  a  cold-water  enema  just 
before  the  time  for  a  stool.  Resort  to  gentle  laxatives  in  very  moderate 
doses  may  be  necessary,  and  it  may  also  be  well  to  prescribe  a  tonic.  To 
diminish  their  tendency  to  prolapse  the  hemorrhoids  should  be  returned  im- 
mediately after  the  stool,  and  the  patient  should  be  rec^uired  to  lie  down  for 
half  an  hour  or  to  have  his  stool  directly  before  bedtime.  Defecation  in  the  re- 
cumbent posture  will  often  entirely  prevent  protrusion. 

Treatment  by  Cauterization  and  by  the  Use  of  Electricity  and  Other  Means. — 
Cauterization  of  capillaiy  hemorrhoids  is  another  method  that  is  used  for  the 
obliteration  of  hemorrhoidal  tumors.  It  is  generally  done  by  the  application 
of  some  strong  chemical  caustic  such  as  nitric  acid,  or  by  the  use  of  the  thermo- 
cautery or  the  galvano-cautery.  The  electro-angeiotribe  of  Downes  is  espe- 
cially adapted  to  the  treatment  of  this  variety  of  hemorrhoids.  Electrolysis 
has  been  highly  recommended,  not  only  in  capillary,  but  also  in  all  forms  of 
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internal  heniorrhoicls.  While  it  has  succeeded  generally  in  controlling  the  hem- 
orrhage, it  does  not  destroy  the  tumor  or  even  diminish  its  size  to  any  ap- 
preciable extent.  The  injection  of  strong  medicated  solutions  into  internal 
hemorrhoids,  for  the  purpose  of  producing  coagulation  necrosis  or  even  slough- 
ing in  the  tumor,  is  another  very  popular  method  for  bringing  about  a  diminu- 
tion or  destruction  of  these  masses  by  the  control  of  their  blood-supply.  Accord- 
ing to  Andrews'  "Rectal  and  Anal  Surgery"  (p.  3-1)  the  method  originated  with 
Mitchel,  of  Clinton.  111.,  in  1S71.  It  remained  a  secret  remedy,  in  the  hands  of 
charlatans  for  some  years,  after  which  the  procedure  was  investigated  and  made 
pubhc,  in  1876,  by  Dr.  Andrews,  who  also  published  a  number  of  formulas 
which  were  then  in  use,  and  gave  a  careful  review  of  the  results  obtained  in  over 
three  thousand  cases.  The  practice  was  then  taken  up  by  a  number  of  regular 
rectal  specialists,  notably  Kelsey,  and  was  given  a  thorough  trial.  While  nearly 
all  of  them  were  for  some  time  very  enthusiastic  about  its  merits,  its  demerits 
gradually  began  to  show  themselves  and  to  increase  with  the  number  of  cases 
treated,  until  finally  it  was  abandoned  by  most  of  them  as  unscientific  and 
unsatisfactory.  Nevertheless,  the  method  still  has  its  adherents,  and  it  certainly 
possesses  certain  advantages  which  are  not  to  be  ignored  in  suitable  cases — as,  for 
example,  where  the  patient  is  unwilhng  to  submit  to  a  more  radical  surgical 
operation.  Carbolic  acid  is  the  chief  ingredient  of  the  solutions  used  for  injection, 
and  the  tendency  to-day  is  to  use  it  in  much  lower  percentages  than  formerly. 

Operative  Treatment. — The  limited  amount  of  space  at  our  disposal  will  not 
permit  us  to  describe  or  even  to  enumerate  the  many  operative  procedures 
which  have  been  suggested  for  the  relief  of  hemorrhoids.  W^e  shall  mention 
some  that  possess  special  merit,  and  we  shall  describe  a  few  that  seem  to  us 
to  combine  the  greatest  nimiber  of  practical  features — those  operations  which 
may  readily  be  performed  by  the  average  operator  and  those  w^hich  are  in  most 
general  use  at  the  present  time.  The  objects  sought  by  all  the  operative 
methods  are  the  following:  the  decrease  in  the  size  of  the  tumor  by  lessening 
its  engorgement  with  blood;  its  atrophy  by  shutting  off  a  large  part  of  its 
blood-supply;  or  its  complete  removal  by  surgical  means. 

In  those  cases  in  which  the  sphincter  ani  muscle  is  spasmodically  contracted, 
and  in  which  consec^uently  the  venous  circulation  is  seriously  interfered  with  by 
strangulation,  dilatation  of  the  contracted  muscle  offers  the  best  means  of  re- 
lieving the  engorged  hemorrhoids.  This  method  is  applicable  to  the  earlier 
stages  of  the  trouble,  in  wliich  the  hemorrhoids  have  just  begun  to  protrude. 
Forcible  dilatation  is  also  used  in  all  radical  operations  for  the  excision  of  hem- 
orrhoids, in  order  to  gain  additional  room  for  the  application  of  instruments, 
and  especially  in  order  to  afford  relief  from  the  spasmodic  contractions  of  the 
muscle  which  follow  these  operations.  The  fingers  and  Kelly's  graduated 
metalhc  conical  dilator  afford  the  most  satisfactory  means  for  accomphshing 
the  desired  dilatation.  While  a  general  anaesthetic  is  usually  required  for 
forcible  dilatation  of  the  sphincter  muscle,  yet  this  procedure  may  be  done  very 
satisfactorily  under  the  influence  of  local  anaesthesia. 

It  scarcely  seems  necessary  to  give  here  the  details  relating  to  the  steps 
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to  be  taken  immediately  preceding  an  operation  upon  tiie  rectum— such,  for  ex- 
ample, as  the  thorough  emptying  of  the  bowels,  the  final  packing  of  the  rectum 
with  gauze  to  protect  the  field  of  operation  from  the  intestinal  discharges  which 
come  down  from  above,  etc.  As  to  the  operations  themselves  we  shall,  as 
already  stated,  give  the  technical  details  in  as  concise  a  manner  as  possible. 

The  Ligature  Operation. — The  hgature  operation,  as  devised  by  Mr.  Salmon 
more  than  fifty  years  ago  and  perfomied  a  large  number  of  times  by  Allingham, 
is  the  operation  almost  exclusively  practised  at  St.  Mark's  Hospital,  London, 

England,  since  its  introduction.  It  has 
long  been  considered  a  thoroughly  safe 
operation,  and  for  this  reason,  as  well  as 
from  the  fact  that  it  is  easily  performed,  it 
has  been  very  popular.  The  method  con- 
sists in  first  pulling  the  hemorrhoids  down 
with  catch  forceps;  then,  with  a  pair  of 
scissors,  the  incision  is  begun  at  the  base  of 
the  timior  on  the  skin  surface  and  is  con- 
tinued up  under  the  mass  until  a  pedicle  is 
formed  of  the  mucous  and  submucous  tis- 
sues. The  artery  is  next  felt  for  and  the 
pedicle  is  trimmed  to  as  narrow  proportions 
as  possible  without  cutting  the  vessel.  A 
strong  silk  or  linen  ligature  is  then  thrown 
around  this  and  tied  tightly.  If  the  hemor- 
rhoid is  large,  all  that  part  of  it  which  is 
external  to  the  ligature  is  then  cut  off;  if  it 
is  small,  it  is  left  to  slough  off.  Dr.  J.  M. 
Matthews  recommends  transfixing  the  stump 
with  the  ligature.  (Fig.  347.)  Each  hemor- 
rhoid is  dealt  with  in  a  similar  way.  The 
skin  tabs,  w^hich  are  composed  of  the  superabundant  muco-cutaneous  tissue 
around  the  margin  of  the  anus,  are  cut  off  with  scissors,  flush  wdth  the  skin, 
and  the  bleeding  is  controlled  by  compression.  The  wound  is  then  dressed, 
and  the  pain  is  controlled  by  hypodermic  injections  of  morphia  or  by  the  in- 
troduction of  suppositories  of  opium  and  belladonna  just  after  the  operation. 

The  results  of  this  method  of  operating  have  been  most  satisfactory,  and 
the  death  rate  has  been  extremely  low\ 

(As  the  after-treatment  required  is  practically  the  same  for  all  these  rectal 
operations,  w^e  shall  describe  it  farther  on — see  page  873.) 

The  Clamp-and-Cautery  Operation. — This  operation  for  the  removal  of 
hemorrhoids  has  been  very  popular  ever  since  it  was  first  introduced  by  Cussack, 
in  1846,  and  especially  during  the  first  thirty  years  of  its  use,  when  the  methods 
of  controlhng  hemorrhage  were  very  unsatisfactory.  The  clamp  and  cautery 
were  therefore  welcomed  as  an  infallible  means,  as  was  then  beheved,  of  control- 
ling hemorrhage.     The  operation  is  easily  perforaied,  and  the  cautery  both 
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Fig.  .347. — The  Drawing  Shows  the  Base 
or  Stalk  of  an  Internal  Hemorrhoid  Trans- 
fixed by  a  Double  Ligature.  (Earle  and 
Tuttle.) 
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sterilizes  the  wound  temporarily  and,  by  means  of  the  eschar  which  it  pro- 
duces, seals  up  the  capillaries  and  lymphatics  against  the  absorption  of  septic 
matter.  Dr.  Henry  Smith,  who  introduced  it  into  England  in  1861,  and  did 
so  much  to  popularize  it,  called  special  attention  to  the  importance  of  not 
catching  any  portion  of  the  skin  surface  in  the  clamp,  on 
account  of  the  pain  to  which  it  would  give  rise — a  pre- 
caution too  little  heeded  by  inexperienced  operators  at 
the  present  day.  The  necessary  and  most  approved  ap- 
pliances for  performing  the  operation  are  Kelsey's  modifica- 
tion of  Smith's  clamp,  Tuttle's  hemorrhoidal  forceps  (Fig. 
349),  and  a  Paquelin  cautery.  The  operation  should  be 
performed  with  the  aid  of  a  general  ansesthetic,  although 
it  may  be  done  under  cocaine;  the  sphincter  should  be 
thoroughly  stretched,  and  the  parts  prepared  for  the  oper- 
ation in  the  usual  manner.  The  skin  tabs  are  to  be  cut 
off  flush  with  the  skin.  The  internal  hemorrhoids  are 
brought  well  down  by  the  aid  of  forceps,  and  each  one  is 
excised  separately  in  the  following  manner: — The  muco- 
cutaneous base  of  each  pile  is  first  cut  through  with  the 
scissors,  so  that  it  shall  not  be  included  in  the  clamp  and 
shall  not  be  cauterized.  The  clamp  is 
next  slipped  over  the  forceps  and  ap- 
plied beyond  the  point  where  it  grasps 
the  hemorrhoid,  its  heel  being  turned  up- 
ward in  its  relation  to  the  rectum.  The  heel  of  the  clamp 
is  applied  to  the  upper  part  of  the  hemorrhoid  because  it 
holds  it  more  securely.  The  toe  of  the  clamp  should  fit  in 
the  groove  which  has  been  cut  through  the  skin  margin  of 
the  pile.  The  forceps  should  then  be  removed  and  the  pile 
cut  off  with  the  scissors  about  one-eighth  of  an  inch  above 
the  blades  of  the  clamp  (Fig.  348),  the  stump  which  remains 
being  long  enough  to  permit  thorough  charring  (but  not 
destruction)  of  the  parts  with  the  cautery — the  parts,  namely, 
which  have  been  crushed  by  the  clamp.  After  all  the  piles 
have  been  thus  removed,  one  after  another,  the  wound  should 
be  dusted  with  sodium  bicarbonate  and  dressed  with  dry 
gauze.  If  at  the  conclusion  of  the  operation  the  sphincter 
is  not  perfectly  relaxed,  a  Lynch-Pennington  tube  may  be 
introduced  for  the  purpose  of  maintaining  the  dilatation  of 
the  sphincter  and  to  provide  for  the  free  escape  of  gas. 

The  results  from  this  operation  have,  on  the  whole,  been 
although  there  have  been  reported  a  certain  number  of 
cases  of  serious  hemorrhage  (both  primary  and  secondary)  following  the 
operation. 

The  method  of  crushing  the  hemorrhoids  has  no  special  advantage  over 


Fig.        348.  —  Tuttle's 
Hemorrhoidal  Clamjj. 


Fig.      349.  —  Tuttle's 
Hemorrhoidal  Forceps. 

very  satisfactory. 
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other  methods  which  are  in  much  better  keeping  with  modern  surgical  ideas, 
and  it  has  now  been  relegated  to  the  category  of  obsolete  methods. 

The  electric  angeiotribC;  which  has  recentl}'  been  used  for  remo\dng  internal 
hemorrhoids,  represents  a  very  happy  combination  of  the  principles  involved 
in  the  clamp-and-cauter}'  method,  and  we  believe  that  it  may  be  trusted  with 
more  confidence  than  the  thermo-cautery  as  a  means  of  controlling  hemorrhage. 

The  Removal  of  Hemorrhoids  by  Excision. — This  method,  in  one  of  the 
many  forms  which  have  l^een  offered,  certainly  appeals  to  the  average  surgeon 
of  the  present  da}'  as  the  most  rational  manner  in  which  to  deal  with  these 
tumors.     With   our   improved   technique    and  with   effectual   means   of   con- 


FiG.   350.- 


-Method    of    Applying  Clamp    after    Hemorrhoid    is    Brought    Down, 
of  D.   Appleton  &  Co.,  New  York.) 


(Tuttle.     Courtesy 


trolling  hemorrhage,  \^-liich  we  now  ha^'e  at  our  command,  why — one  naturally 
asks — .should  we  apply  to  gro^-ths  in  this  locality  a  plan  of  treatment  different 
from,  and  more  antiquated  than,  that  which  we  apply  to  growths  in  other 
portions  of  the  body  ?  The  answer  ma}'  be  foimd  in  the  vastly  increased  num- 
ber of  surgeons  of  the  present  day  who  are  using  some  fonn  of  excision. 

The  inauguration  of  what  is  known  as  the  " "\"\Tiitehead  operation"  by  Mr. 
Walter  AATiitehead  of  ]ilanchester,  in  1882,  was  a  giant  stride  over  all  other 
operative  methods  then  in  use.  His  mode  of  procedure  is  as  follows:  After  the 
patient  has  been  prepared  in  the  usual  manner,  he  is  fully  anaesthetized  and 
placed  in  the  lithotomy  position:  and  then,  after  the  sphincter  has  been  thor- 
oughly dilated,  the  hemorrhoids  are  pulled  down  and  outside  of  the  external 
sphincter.  Beginning  at  the  line  of  juncture  of  the  skin  and  mucous  mem- 
brane— kno'U'ii  as  Hilton's  white  line — the  mucous  membrane  is  divided  and 


SURGICAL   DISEASES   OF   THE   ANUS  AND   RECTUM. 


869 


dissected  up  around  the  entire  circumference  of  the  rectum,  and  the  dissection 
is  carried  up  to  the  beginning  of  the  internal  sphincter  muscle.  The  mucous 
membrane,  together  whh  the  inchided  hemorrhoids,  having  been  completely 
freed  from  the  submucous  and  muscular  coats,  is  pulled  down  below  the  margin 
of  the  skin.  The  mucous  membrane  above  the  hemorrhoids  is  now  divided 
transversely,  in  successive  stages,  and  the  free  margin  of  the  severed  membrane 
above  is  attached,  as  soon  as  it  is  di\aded,  to  the  free  margin  of  the  skin  below, 
by  a  suitable  number  of  sutures.  A  complete  ring  of  pile-bearing  mucous 
membrane  is  thus  removed.  Throughout  the  operation  bleeding  vessels  are 
dealt  with  bv  torsion  or  ligation.     The  incision  around  the  anal  margin  is  to  be 


Fig.  351. 


-Stump  of  Excised  Hemorrhoid  held  byrhmi])  and  Ready  for  Apphing  Cauterj^ 
(Tuttle.      Courtesy  of  D.   Appleton   A:   Co.,   New    i'ork.) 


made  entirel}^  in  the  mucous  membrane,  and  no  skin,  however  redundant, 
should  be  sacrificed.  In  the  three  hundred  cases  in  which,  according  to  Dr. 
^Miitehead's  published  report,  he  perfomied  this  operation,  not  a  single  in- 
stance of  secondary  hemorrhage  occurred.  An  ice-bag  is  applied  to  the  rectum 
for  the  first  few  days,  the  bowels  are  mo\Td  on  the  fourth  day,  the  patient  sits 
up  the  same  day,  and  he  resimies  his  work  at  the  end  of  two  weeks.  Dr.  White- 
head further  claims,  for  this  operation,  that  it  is  as  free  from  risk  as  any  other, 
that  the  pain  follomng  it  is  less  severe,  and  that  the  loss  of  blood  at  the  time 
of  the  operation  is  inconsiderable.  We  cannot  admit  that  his  claims  for  this 
operation  have  been  fully  borne  out  by  the  experience  of  other  operators.  It 
is  .stated  by  many  of  them,  for  example,  that  the  amount  of  blood  lost  during 
the  operation  is  considerable,  that  it  takes  considerable  time  to  perform  it, 
that  there  is  great  uncertainty  of  getting  primary  imion,  and  that  stiicture  and 
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incontinence,  and  also  exstrophy  of  the  mucous  membrane  of  the  rectum,  as 
well  as  the  reverse  condition  (an  inversion  of  the  skin),  are  likely  to  follow  it. 
The  two  latter  complications  are  due  to  inexperience  and  want  of  skill  in  the 
operator,  yet  they  are  not  likely  to  result  from  any  other  method  of  operating 
for  hemorrhoids;  and  the  other  objections  are  all  well  Ijorne  out  by  experience. 
By  modifying  the  technic^ue  of  AAliitehead's  operation,  Tuttle  has  effected  a 
great  saving  of  time  and  a  decided  diminution  in  the  amount  of  blood  lost. 
His  method  '^consists  in  making  an  incision  through  the  mucous  membrane  at 

the  posterior  commissure  of  the  rec- 
tum CFig.  352);  then,  with  blunt- 
pointed  scissors,  curved  on  the  flat. 
dull  dissection  is  made  upward  to 
the  superior  margin  of  the  internal 
sphincter ;  with  a  boring  motion,  the 
instiimient  is  insinuated  between  the 
mucous  membrane  and  this  muscle, 
and  is  gradually  worked  to  one  side 
and  downward  until  the  muco-cu- 
taneous  border  of  the  anus  is  reached. 


(Fig.  353.)  Little  by  little  the  hem- 
orrhoidal mass  is  thus  loosened  from 
its  muscular  attachment,  and  peeled 
out  of  its  resting  place  just  as  an 
orange  is  peeled.  The  same  process 
is  carried  out  on  the  other  side."  The 
incision  that  was  begun  at  the  po.s- 
terior  commissure  in  the  lower  margin 
of  the  mucous  membrane  is  now  car- 
ried entirely  around  the  anal  margin, 
thus  leaving  the  hemorrhoidal  area 
loose  in  the  rectum.      The  mucous 


Fig.  •3-52. — The  Drawing  Illu.¥trate.s  the  First  Step 
in  Tuttle'.s  Modification  of  Whitehead's  Operation. 
(Tuttle.j 


membrane  is  now  cut  longitudinally,  at  the  posterior  commissure,  as  high  as  the 
hemorrhoids  extend.  The  entire  mass  is  next  caught  by  T-forceps  and  pulled 
down,  until  the  upper  margin  of  the  hemorrhoids  is  brought  down  to  the  margin 
of  the  anus,  care  being  taken  not  to  subject  the  tissues  to  undue  tension.  The 
mucous  membrane,  "^ith  its  accompardment  of  hemorrhoids,  is  then  cut  off,  above 
the  level  of  the  latter,  by  a  series  of  short  incisions,  each  of  which  is  followed 
by  a  stitch  (Fig.  3-54)  which  attaches  the  edge  of  the  upper  part  of  the  mucous 
membrane  to  the  muco-cutaneous  edge  of  the  wound  below.  This  series  of 
incisions  is  continued  around  the  entire  anal  orifice  until  the  hemorrhoids  have 
all  been  removed;  and  the  last  one  of  these  incisions  is  followed  unmediately 
by  the  completion  of  the  last  stage  of  the  suturing.  The  steps  just  described 
leave  the  mucous  membrane  (that  portion  which  was  originally  located  above 
the  hemorrhoids)  attached,  by  a  single  continuous  suture,  to  the  muco-cuta- 
neous margin  of  the  wound  below,  throughout  the  entire  circumference  of  the 
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anus.  (Fig.  355.)  The  suture  used  is  of  plain  catgut,  of  large  size.  Tuttle 
reports  the  results  as  most  satisfactory  in  over  three  hundred  operations  per- 
fomied  by  this  method.  Any  large  skin  tabs  that  may  be  present  are  cut  off 
with  the  scissoi"s.  and  the  wound  is  sutured. 

Instead  of  remo\-ing  the  entire  pile-bearing  area,  as  recommended  l3y  ^Miite- 
head.  many  operators  prefer  to  excise  the  indi\-idual  piles  separately  and  to 
suture  the  edges.  Gallant  states  (Mathews'  Medical  Quarterly,  October,  1894) 
that  Outerbridge  had  followed  this  plan  with  great  success  since  1888. 

Earle  (Mathews'  Medical  Quarterly.  Januaiy.  1896:    ParkhiU,  Interrnatianal 


Fig.  353. — The  Second  Step  in  Tuttle's  Modification  of  Whitehead's  Operation.     (Tuttle.) 


Journal  of  Surgery,  May.  1900)  and  ]^Iason  have  each  de\-ised  instnmients  for 
facilitating  simple  excision,  and  also  for  diminishing  the  danger  from  hemor- 
rhage and  the  risk  of  infection  in  "Whitehead's  operation.  As  the  same  prin- 
ciples are  embodied  in  each,  we  wiU  introduce  here  an  illustration  of  Earle's 
instiTmient  and  will  describe  his  method  of  using  it.  TMien  the  hemorrhoidal 
tumors  are  isolated,  each  is  seized  in  turn  -^-ith  clamp  forceps  and,  ha\ing  been 
dragged  down,  is  clasped  in  the  line  of  the  long  axis  of  the  rectimi  by  the  Earle 
clamp.  (Fig.  356.)  A  running  suture  of  plain  catgut  Xo.  2  is  then  introduced 
and  tied  beneath  the  clamp  at  the  upper  end  of  the  hemorrhoid.  This  wiU  gen- 
erally include  the  branch  of  the  superior  hemorrhoidal  arter}^  which  supphes  that 
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particular  pile.  That  portion  of  the  hemorrhoid  which  lies  above  the  clamp  is 
then  cut  off,  little  by  little,  ahead  of  the  running  suture,  which  is  carried  over 
and  under  the  clamp  until  the  entire  base  of  the  hemorrhoid  is  included  in  it. 
(Fig.  354.)  The  clamp  is  then  loosened  and  withdrawn,  the  mnning  suture  is 
tightened,  and  thus  the  whole  wound  is  closed  with  scarcely  any  loss  of  blood  and 
with  very  little  exposure  of  the  cut  surfaces  to  infection.  If  the  hemorrhoids 
extend  around  the  entire  circumference  of  the  rectum,  then  a  curved  clamp, 
a  modification  of  Earle's  by  Dr.  Arthur  Hebb,  should  be  employed  by  prefer- 
Figs.  357  and  358  show  this  and  his  curved  scissors  made  specially  for 


ence. 


fitting  the  curve  of  the  clamp.     The  method  of  procedure,  in  the  latter  case,  is 


Fig.  354. 


Fig.  355. 


Fig.  354.— The  Third  Step  in  Tuttle's  Modification  of  Whitehead's  Operation.      (Tuttle.) 
Fig.   355. — Drawing  Shows  Tuttle's  Modification  of  Whitehead's  Operation  Completed.     (Tuttle: 
"  Diseases  of  the  Anus,"  etc.     D.  Appleton  &  Co.,  New  York.) 

as  follows:  The  whole  mass  is  seized  by  catch  forceps  at  the  four  quadrants  of 
the  anal  margin,  and  is  then  pulled  clown  and  outside  of  the  spliincter.  An  inci- 
sion is  next  made  through  the  skin  at  the  muco-cutaneous  border,  and  is  carried 
upward  through  the  mucous  membrane  to  a  point  just  above  the  level  of  the 
internal  hemorrhoids.  A  catgut  suture  is  passed  through  the  upper  end  of  the 
incision  in  the  mucous  membrane,  over  the  external  sphincter,  which  is  ex- 
posed, and  out  through  the  skin.  This  suture,  which  should  now  be  tied,  ap- 
proximates the  mucous  and  cutaneous  borders  of  the  wound.  The  curved 
clamp  is  next  applied  (Fig.  359)  parallel  with  the  circumference  of  the  anus, 
the  internal  blade  being  placed  just  outside  of  Hilton's  white  line.  In  doing 
this,  the  operator  should  be  careful  to  leave  as  broad  a  skin  surface  as  possible, 
to  prevent  undue  tension  of  the  same  and  the  resulting  eversion  of  the  mucous 
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membrane.  Tlu'  ln'iiKirrhoidal  tumors  are  now  removed  above  the  clamp  in  suc- 
cessive stages  from  behind  forward  and  toward  the  riuht.  The  suture  is  passed 
under  the  heel  of  the  clamp,  from  within  out,  and  is  continued  around  the 
clamp  until  the  point  of  the  instrument  is  reached.  Then  the  clamp  is  loos- 
ened and  withdrawn,  and  the  suture  is  drawn  tight.  Another  segment  of  the 
hemorrhoidal  area  is  next  inchnled  in  the  clami),  cut  off,  and  sutured  in  the 
same  manner  as  the  preceding  one;  and  in  turn  the  others  are  treated  in  a 
similar  manner  until  all  the  hemorrhoids  have  been  removed.     (Fig.  360.) 

The  advantages  of  this  operation  are:  the  relatively  short  time  recjuired 
for  its  performance ;  the  ease  with  which  it  may 
be  done ;  the  very  small  amount  of  blood  that  is 
lost ;  the  small  likelihood  that  hemorrhage  or  in- 
fection will  occur;  and  the  readiness  with  which 
healing  takes  place.  It  can  be  done  either  with 
the  aid  of  a  general  an^psthetic  or  under  the  in- 
fluence of  local  anaesthesia,  and  is  adapted  to  the 
removal  of  mixed  hemorrhoids. 

ACCIDEXTS  AXD  COMPLICATIOXS    FOLLOWING 

Ope  RATIONS  for  Hemorrhoids. 

Dysuria  and  Strangury. — One  or  the  other  of 
these  conditions  is  likely  to  follow  an  operation 
for  the  cure  of  hemorrhoids.  In  most  cases  the 
only  treatment  called  for  is  to  apply  moist  heat 
directly  over  the  pubis  and  perineimi  and  to 
allow  the  patient  to  assmiie  the  nomial  position 
for  relieving  himself.  Only  in  exceptional  in- 
stances will  it  be  found  necessary  to  resort  to  Fig. 
the  use  of  the  catheter. 

Infection. — Infection  either  by  the  ordinary  pus  organisms  or  b}'  those  of 
eiysipelas  or  tetanus  may  foUow^  operations  for  hemorrhoids.  Such  accidents 
are  to  be  attributed,  as  a  matter  of  course,  to  defect  in  the  technique.  They 
should  be  met  by  the  usual  means.  For  superficial  infections,  such  as  are 
likely  to  follow  an  infection  by  the  ordinary  pus  organisms,  applications  of  pure 
carbolic  acid  give  the  most  satisfactory  results. 

After-trkitmext. — The  after-treatment,  as  already  stated  on  a  previous 
page,  is  the  same  for  cases  which  have  been  treated  by  excision  as  for  those 
which  have  been  treated  by  smiple  ligation.  For  the  relief  of  the  pain,  which 
at  firet  is  likely  to  be  severe,  morphia  should  be  achninistered  in  appropriate 
doses.  A  little  later,  however,  codeine  (gr.  J)  and  acetanilide  (gr.  iij.,  guarded 
by  one  grain  of  caffeine  citrate)  may  be  substituted  for  the  morphia.  The  in- 
fluence of  the  latter  remedy  will  probably  control  the  action  of  the  bowels  until 
the  fourth  day,  when  it  would  be  well  to  brmg  on  a  movement  by  the  adminis- 
tration of  either  compound  Hcorice  powder  or  castor  oil,  to  be  followed  by  a 


356. — Earle's    Hemorrhoidal 
Clamp. 
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warm-water  enema  when  the  first  impulses  for  an  evacuation  manifest  them- 
selves. The  diet  should  be  of  a  laxative  character, — such,  for  example,  as  fruits 
and  vegetables, — and,  in  order  still  further  to  insure  a  soft  stool,  it  is  well  for 
the  patient,  on  the  third  day,  to  begin  taking  half-ounce  doses  of  olive  oil  three 
times  daily. 

It  should  be  borne  in  mind,  as  regards  the  after-treatment  of  rectal  wounds 


Fig.  357. — Earle's   Hemorrhoidal    Forceps   Applied   to    an    Isolated   Hemorrhoid.      (From   Tuttle: 
"Diseases  of  the  Anus,  Rectum,"  etc.      D.  Appleton  &  Co.,  New  York.) 

of  all  kinds,  that  we  are  dealing  with  conditions  which  are  different  from  those 
encountered  elsew^here  on  the  surface  of  the  body, — conditions  which  are  worse 
than  those  found  at  other  orifices,  mainly  on  account  of  the  infected  character 
of  the  discharges.  These  are  continuously  and  unavoidably  coming  over  the 
wound  and  infecting  it.     The  best  method  of  combating  this  is  to  control  the 


Fig.  358. — Hebb's  Hemorrhoidal  Clamp. 


Fig.  359. — Hebb's  Hemorrhoidal  Scissors. 


growth  of  the  organisms  which  are  present  on  the  wound  by  frequent  irrigations 
with  antiseptic  solutions,  and  by  repeatedly  changing  the  dressings.  On  the 
third  day  the  patient  may  be  allowed  to  walk  about  his  room,  and  on  the 
seventh  day  to  leave  his  room.  After  the  first  week  the  anus  should  be  gently 
dilated  every  four  or  five  days. 
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XII.   PROLAPSE   OF  THE   RECTUM. 


"\Miilc  i^rolapst'  and  procidentia  have  the  same  derivation  and  meaning, — 
viz.,  a  falling  down  or  forward, — the  former  is  the  generic  term  and  is  applied 
to  all  degrees  of  falling  of  the  rectum.  Procidentia,  on  the  other  hand,  is  gen- 
erally applied  only  to  those  cases  in  which  all  the  coats  of  the  bowel  descend. 

Prolapses  are  divided  into  incomi)lete,  or  partial,  and  complete.     A  partial 
prolapse  is  one  in  which  the  mucous  membrane  alone  descends;    a  complete 
prolapse,  or  a  procidentia  recti,  is  one  in  which 
all  the  coats  of  the  rectum  take  part. 

Incomplete  Prolapse  of  the  Rectum. — An 
incomplete  prolapse  consists  of  a  protrusion  of 
the  mucous  membrane  of  the  rectum  through 
the  anus. 

Etiology. — This  type  of  prolapse  is  due  to 
an  exaggeration  of  the  normally  loose  attach- 
ment of  the  mucous  membrane  to  the  submu- 
cous tissue,  and  to  the  loss  of  elasticity  in  the 
loose  fibrous  and  elastic  tissues,  which  not 
only  allow  the  mucous  membrane  to  be  ab- 
nonnally  extruded  during  the  act  of  defecation, 
but  also  are  incapable  of  drawing  it  back  again. 

It  occurs  frequently  in  acute  proctitis  with 
cedema,  and  also  in  connection  with  hemor- 
rhoids and  with  superficial  neoplasms.  It  is 
seen  most  frec[uently  in  young  children  and  in 
the  veiy  old.  It  is  particularly  likely  to  oc- 
cur in  those  conditions  in  which  there  is  re- 
laxation of  the  sphincter  muscle  together  with 
a  great  reduction  in  the  amount  of  the  fatty 
tissue  which  normally  surrounds  the  lower  end 
of  the  rectum.  These  may  be  regarded  as  pre- 
disposing causes.  Among  the  exciting  causes 
are  all  those  conditions  which  separate  the 
mucous  membrane  from  the  muscular  wall  of  the  rectum — such,  for  example, 
as  cedema,  or  an  inflammafprj^  effusion  into  the  submucosa;  weakness  or 
dilatation  of  the  sphincters;  .pxhausting  diseases,  paralysis,  overdistention  of 
the  rectum,  and  sodomy.  Another  series  of  causes  includes  all  those  condi- 
tions which  induce  a  dragging  down  of  the  mucous  membrane,  such  as  hemor- 
rhoids, growths  attached  to  the  mucous  membrane,  polyps,  and  hard  stools. 
In  a  third  series  are  included  conditions  which  produce  excessive  straining 
and  tenesmus— such,  for  example,  as  ulceration,  foreign  bodies  in  the  rectum 
or  bladder,  cystitis,  enlarged  prostate,  prolonged  sitting  and  straining  at  stool, 
and  excessive  vomiting. 


Fig.  360. — Drawing  Shows  the  Man- 
ner of  Apphing  the  Curved  C^amp  and 
Introducing  the  Sutures  in  the  Tliird 
Stage  of  Earle's  Operation.  (Tuttle: 
"Diseases  of  the  Anus,"  etc.  D.  Ap- 
pleton  &  Co.,  New  York.) 
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Symptoms. — The  condition  of  prolapse  comes  on  very  gradually.  In  the 
beginning  there  is  simply  an  exaggeration  in  the  normal  protrusion  of  the  mu- 
cous membrane  while  at  stool.  At  first,  this  protrusion  returns  of  its  own 
accord,  but  after  a  short  time  the  prolapse  increases,  and  the  bowel  has  to  be 
replaced.  Subsequently,  when  the  sphincter  muscle  becomes  still  more  re- 
laxed, the  prolapse  follows  prolonged  standing  or  walking;  and,  finally,  the 
mucous  membrane  comes  down  upon  the  slightest  provocation. 

The  prolapse  may  involve  the  entire  circumference  of  the  rectum  or  only 
a  part  of  it.  The  surface  of  the  prolapsed  portion  is  smooth,  unless  the  con- 
dition is  complicated  by  hemorrhoids  or  neoplasms.     The  color,  which  at  first 


Fig.   361. — Earle's  Operation  Completed.      (Original.) 


is  normal,  soon  becomes  of  a  bright  red  or  scarlet,  as  the  irritation  increases. 
When  the  protrusion  involves  the  entire  circumference  of  the  rectum,  the  mu- 
cous membrane  is  arranged  in  longitudinal  folds,  which  radiate  from  the  centre 
to  the  circumference.  This  arrangement  of  the  mucous  membrane  into  folds 
or  sulci  distinguishes  the  incomplete  from  the  complete  form  of  prolapse.  Large 
internal  hemorrhoids  are  nearly  always  associated  with  more  or  less  prolapse 
of  the  mucous  membrane.  In  such  instances  it  is  easy  to  distinguish  the  hem- 
orrhoidal tumors  from  the  prolapsed  mucous  membrane. 

The  incomplete  variety  of  prolapse,  uncomplicated  by  hemorrhoids  or  ulcer- 
ation, is  not  attended  by  much  if  any  pain  or  hemorrhage.  Ulceration  and 
suppuration  occur  late  in  the  disease,  as  a  result  of  the  friction  due  to  the  slipping 
of  the  coats  of  the  rectum  up  and  down. 

Treatment. — Treatment  consists  in  the  removal  of  the  exciting  cause, 
where  this  can  be  done ;  and  if  hemorrhoids,  polypi,  or  neoplasms  are  the  cause 
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of  the  trouble,  their  removal  will  almost  certainly  result  in  the  complete  cure 
of  this  form  of  prolapse.  When  the  condition  occurs  in  children,  as  it  often 
does  after  the  exhausting  and  emaciating  sunnner  diarrhoeas,  it  may  fre- 
quently be  corrected  by  careful  attention  to  the  act  of  defecation — for  in- 
stance, by  making  the  child  have  its  stool  in  the  recumbent  position,  especially 
across  its  mother's  lap,  with  its  feet  elevated;  by  keeping  the  stool  soft;  by 
tonic  treatment;  and,  if  necessarv',  by  strapping  the  buttocks  with  adhesive 
straps  between  the  intervals  of  defecation.  If  these  measures  fail,  the  most 
successful  and  easily  applied  remedy  is  one  that  dates  back  many  years.  I 
personally  saw  it  in  use  as  long  ago  as  18GS,  in  the  hands  of  Dr.  Nathan  R. 
Smith,  who  did  not  speak  of  it  as  an}i;hing  new,  but  as  his  chief  reliance  in 
correcting  this  defect  in  children.  It  consists  in  applying  fuming  nitric  acid 
to  the  mucous  membrane  of  the  rectum.  The  child  should  be  put,  for  a  few 
moments,  under  the  influence  of  a  general  anaesthetic — for  example,  ethyl 
chloride,  nitrous  oxide,  or  chloroform.  The  mucous  membrane  is  then  made 
to  protrude,  it  is  wiped  dry  of  mucus,  and  the  glass  stopper  of  the  bottle,  after 
being  moistened  with  the  acid  in  such  minimal  c^uantity  that  it  will  not  nm 
down  over  or  outside  the  sphincter,  is  applied  thoroughly  to  the  membrane. 
The  cauterized  surface  should  then  be  well  anointed  with  vaseline,  the  bowel 
returned,  and  the  buttocks  coapted  with  adhesive  strips.  The  child  should 
remain  in  bed  for  two  weeks  and  should  be  kept  in  the  recimibent  position  by 
passing  a  sheet  over  the  body  and  fastening  it  to  the  sides  of  the  bed,  the  foot 
of  which  should  be  raised  about  four  inches.  The  bowels  should  be  confined 
for  six  or  seven  days,  and,  when  a  movement  is  induced,  it  should  be  by  the 
most  gentle  means  and  wdfch  the  child  still  maintaining  the  recimibent  position. 
The  rationale  of  this  method  is  this:  the  cauterization  is  just  sufficient  to  set 
up  adhesive  inflammation,  which  causes  the  mucous,  submucous,  and  muscular 
coats  of  the  rectum  to  become  agglutinated.  I  have  used  this  method  of  treat- 
ment for  the  last  twenty-five  years,  buj;  only  on  children,  and  I  do  not  recall 
a  single  failure.  In  elderly  people  it  is  not  nearly  so  likely  to  succeed,  and 
it  is  therefore  better  in  such  patients  to  resort  to  some  operative  method — 
either  partial  or  complete  excision  by  T\Tiitehead's  method  or  by  some  mocUfi- 
cation  of  it — or  to  Van  Buren's  linear  cauterization. 

Partial  excision  consists  in  removing,  by  means  of  scissors,  an  elliptical 
portion  of  the  mucous  membrane  at  three  or  four  points  around  the  circumfer- 
ence of  the  rectimi  and  drawing  the  cut  edges  together  by  means  of  catgut 
sutures,  care  being  taken  that  the  sutures  shall  extend  downward  and  shall 
include  the  deeper  tissues  of  the  rectum;  or  the  elliptical  pieces  of  mucous 
membrane  may  be  grasped  with  the  hemorrhoidal  clamp  and  removed  with 
the  cautery  knife,  as  hemorrhoids  are.  The  elUptical  pieces  removed  should 
always  be  parallel  with  the  long  axis  of  the  bowel  and  should  not  include  the 
muco-cutaneous  border. 

The  after-treatment  following  these  operations  for  partial  prolapse  should 
be  similar  to  that  employed  after  an  operation  for  hemorrhoids. 

Complete  Prolapse  of  the  Rectum. — There  are  three  degrees  of  complete 
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prolapse,  all  of  which  involve  all  the  coats  of  the  rectum  to  a  greater  or  less 
degree. 

First  Degree. — The  prolapse  begins  at  the  margin  of  the  anus  and  its  ex- 
ternal surface  is  continuous  with  the  skin  surrounding  it.     (Fig.  362.) 

Second  Degree. — The  prolapse  begins  above  the  anal  canal,  descends  through 
it  but  docs  not  include  it,  and  protrudes  beyond  it.     (Fig.  363.) 

Third  Degree. — The  prolapse  begins  high  up  in  the  rectum  or  in  the  sig- 
moid, and  extends  down  into  the  ampulla  of  the  rectum,  but  does  not  pro- 
trude through  the  anal  orifice.     (Fig.  36-1.) 

As  will  be  seen,  the  distinguishing  feature  between  the  first  and  second 
degrees  may  be  thus  defined:  the  first  includes  the  skin  surface  at  the  margin 
of  the  anus,  and  no  sulcus  is  formed  betw^een  the  prolapse  and  the  margin;  in 


Fig.  362. — Complete  Procidentia  of  the  Rectvun;  First  Degree.     (Earle  and  Tuttle.) 

the  second  degree,  on  the  other  hand,  the  prolapse  begins  at  the  upper  end  of 
the  anal  canal  or  above  it  and  protrudes  through  it,  but  the  anal  canal  itself 
retains  its  position.  The  mucous  folds  or  sulci,  which  run  longitudinally  in  the 
incomplete  type,  run  circularly  in  the  complete  types. 

Etiology. — The  etiology  is  the  same  as  in  the  incomplete  type,  with  the 
exception  that  complete  prolapse  is  never  caused  by  hemorrhoids  or  other 
growths  that  spring  from  the  anal  margin. 

While  both  the  complete  and  the  incomplete  types  of  prolapse  generally 
come  on  gradually,  yet  either  ma}^,  in  rare  instances,  appear  suddenh^,  as  hap- 
pens, for  instance,  after  an  accidental  crushing  or  after  an  excessive  straining, 
as  in  lifting  some  heavy  object. 

A  neoplasm  springing  from  the  mucous  membrane  of  the  upper  portion  of 
the  rectum  or  the  lower  portion  of  the  sigmoid,  and  undue  constriction  of  the 
rectum  from  any  cause  {e.g.,  a  stricture,  the  pressure  exerted  from  without  by 
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a  malignant  ijrowth,  ctc.i  will  intiTt't^re  with  the  free  passage  of  fecal  matter 
and  will  tend  to  ilrag  down  first  the  mucous  and  then  the  other  coats  of  the 
bowel  and  thus  produce  a  prolapse  of  the  third  degree.  Such  a  prolajDse  is  fre- 
quently found  associated  with  an  abnormally  elongated  meso-signioid  or  meso- 
rectuni.  Thi'  ulcerations  which  are  so  frecjuently  associated  with  this  form  of 
prolapse  in  its  chronic  stage,  are  probably  the  result,  and  not  the  cause,  of  the 
affection;  they  are  undoubtedly  produced  ])y  the  friction  of  the  bowel  as  it 
slips  up  and  down. 

The  extent  of  the  prolapse  varies  greatly,  and  in  fact  is  onh-  limited  by  the 
length  of  the  colon:  but  ordinarily  it  measures  from  three  to  six  inches  in  length. 

Sy.mpto:\is. — In  both  the  complete  and  the  incomplete  types  the  symptoms 
are  practically  the  same.     At  first,  the  protrusion  occurs  only  at  stool,  but. 


Fig.  363. — Drawing  Illustrates  a  Case  of  Complete  Procidentia  of  the  Rectum;  Second  Degree. 

and  Tuttle.) 


(Earle 


later  on,  when  the  sphincters  become  more  relaxed  and  the  attaelmients 
stretched,  it  may  occur  upon  the  slightest  provocation,  as  from  standing  or 
walldng:  or,  in  old  people,  in  whom  there  is  atony  of  the  sphincters,  the  pro- 
lapsed bowel  may  remain  down  whene^'er  the  patient  is  on  his  feet.  Consti- 
pation is  the  iTde  with  these  patients,  until  the  mucous  membrane  of  the  rec- 
tum becomes  excoriated  or  inflamed,  when  a  teasing  diarrhoea  follows,  which 
may  eventually  result  in  partial  incontinence,  on  account  of  the  blunting  of 
sensibility  that  takes  place. 

The  one  characteristic  and  pei-sistent  sjTuptom.  is  the  protnision.  The 
only  conditions  with  which  it  is  at  all  likely  to  be  confounded  are  hemoiThoids 
and  a  protruding  neoplasm,  from  both  of  which  it  can  be  readily  differentiated 
b}'  the  circular  folds  into  which  the  mucous  membrane  of  the  prolapsed  rectum 
is  thrown. 
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The  excoriations  and  granulations  which  sometimes  result  from  chronic 
prolapse  may  give  rise  to  a  nodular  condition  that  may  resemble  epithelioma. 
In  order  to  differentiate  between  the  two  diseases  it  may  be  necessary  to  exam- 
ine a  bit  of  the  tissue  with  the  microscope. 

Both  the  first  and  the  second  type  are  likely  to  be  complicated  by  rectal 
hernia,  or  archocele,  and  this  possibility  must  be  borne  in  mind  in  certain  major 


Fig.  364.- 


-Drawing  Illustrates  a  Complete  Procidentia  of  the  Rectum,  of  the  Third  Degree, 
and  Tuttle.) 


(Earle 


operations  for  the  correction  of  the  prolapse.  In  the  aggravated  cases,  the 
coils  of  small  intestine  may  even  surround  the  rectum,  except  at  its  mesenteric 
attachment. 

In  a  prolapse  of  the  third  degree  there  is  an  intussusception  of  the  upper 
portion  of  the  rectum,  and  sometimes  also  of  the  sigmoid,  into  the  lower  por- 
tion of  the  rectum.  It  does  not,  however,  cause  strangury  or  complete  ob- 
struction, probably  on  account  of  the  great  distensibility  of  the  rectum.  The 
bowel  does  not  protrude  from  the  anus  in  this  type,  and  the  sphincter  muscle 
and  anal  canal  are  normal. 
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The  symptoms  of  iH'olapsc  of  the  rectum  of  the  third  degree  are  very  ob- 
scure. There  is  generally  a  history  of  constipation,  but.  after  it  has  existed 
for  some  time,  the  constipation  may  alternate  with  diarrha?a.  \Miichever 
state  exists,  the  patient  always  complains  that  his  stool  has  not  been  satisfac- 
tory; it  does  not  afford  him  the  relief  which  is  usually  experienced,  but  leaves 
him  with  a  sensation  similar  to  that  which  is  produced  by  the  presence  of  a 
foreign  body,  and  in  consecjuence  of  this  sensation  he  is  often  tempted  to  strain 
a  great  deal  and  to  remain  for  an  undue  length  of  time  on  the  closet.  There  is 
also  a  sense  of  weight  and  hea\iness  in  the  sacral  region.  At  first,  there  is  a 
discharge  of  pure  mucus  from  the  rectum,  but  subsequently  there  may  be  an 
admixture  of  blood,  and  finally  it  may  contain  pus. 

These  symptoms  should  arouse  sufficient  suspicion  to  suggest  a  digital  ex- 
amination, which  should  be  made  directly  after  a  stool,  and  with  the  patient 
still  in  the  sc|uatting  position.  If  the  invagination  does  not  start  too  high  up 
in  the  rectimi,  the  sulcus  can  be  felt  and  the  diagnosis  confirmed  by  this  means. 

Pathology. — Briefly,  and  in  a  general  way,  it  may  be  said  that  the  organic 
changes  which  induce  the  prolapse  consist  in  a  weakening  of  the  supports  of 
the  rectum.  (For  a  detailed  account  of  these  supports  the  reader  is  referred 
to  works  on  Anatomy.)  Along  with  the  weakening  of  the  supports,  there  is 
generally  an  absorption  of  the  perirectal  fat  in  the  different  spaces  around 
the  rectimi. 

Treat:mext. — The  first  thing  to  be  done  in  the  treatment  of  complete  pro- 
lapse of  the  rectum  is  to  remove  the  exciting  cause :  and  the  next  is  to  restore, 
or  supplement,  the  rectal  supports.  The  methods  for  accomplishing  the  first 
have  been  fully  described  under  their  proper  headings.  How  to  accomplish 
the  second,  will  be  discussed  farther  on  in  this  article. 

In  the  section  devoted  to  the  treatment  of  partial  prolapse,  we  have  already 
alluded  to  the  means  which  we  have  foimd  so  effectual  in  children,  and  which 
is  ecjually  applicable  and  ec|ually  efficacious  in  the  treatment  of  the  first  and 
second  degrees  of  complete  prolapse  in  children.  ^^Tien  the  condition  is  due 
to  diarrhoea,  dysentery,  or  rhachitis,  these  disorders  must  of  course  receive 
attention  before  we  resort  to  the  application  of  stroiig  nitric  acid.  Sclimey 
states  that  nearly  aU  cases  of  prolapse  in  children  may  be  radically  cured  by 
the  administration  of  phosphorus  in  increasing  doses.  (Tuttle  on  "Diseases  of 
the  Anus,  Rectum,  and  Pelvic  Colon,"  page  680.)  ^Tdle  constitutional  reme- 
dies are  being  administered  for  the  purpose  of  strengthening  the  rectal  sup- 
ports, it  will  be  important  to  prevent  the  bowel  from  coming  down,  either  dur- 
ing defecation  or  at  other  times.  The  first  may  be  controlled  by  making  the 
child  have  its  stool  in  the  recumbent  position,  by  supporting  the  rectimi  with 
an  adhesive  strap  placed  in  front  of  the  anus,  and  also  by  dra-uing  together 
the  buttocks.  If  the  bowel  comes  down  also  at  other  times,  then  the  child 
should  be  confined  to  bed.  If  the  rectum  can  be  prevented  from  prolapsing 
for  several  weeks  continuously,  it  is  likely  to  become  fixed,  and  \\-ill  remain  so, 
unless  some  imdue  force  is  exerted. 

In  adults  and  old  people  the  means  recjuired  for  correcting  the  prolapse 
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will  have  to  be  more  radical.  In  old  people,  in  whom  the  falling  down  of  the 
rectum  takes  place  more  frequently  than  it  does  in  younger  persons  (children 
excepted),  and  in  whom  it  is  generally  due  to  a  loss  of  muscular  tone,  it  would 
be  well  to  try  the  effect  of  constitutional  treatment  in  the  form  of  arsenic  and 
strychnia,  and  of  strapping  together  the  buttocks,  before  resorting  to  operative 
procedures.  It  is  also  of  great  importance  to  regulate  the  evacuations  in  these 
older  patients,  and  to  let  them  have  their  passages  while  they  are  lying  down- 
either  on  a  bedpan,  if  they  are  lying  on  the  back,  or  upon  a  folded  cloth,  if 
they  are  lying  on  the  side. 

Great  turgescence  and  strangulation  of  the  prolapsed  bowel  may  sometimes 


Fig.  365.- 


-Rectopexy  for  Procidentia  Recti ;    the  Incision.      (Tuttle:    "Diseases  of  the  Anus,  Rectum, 
and  Pelvic  Colon."     D.  AiDpleton  &  Co.,  New  York.) 


occur  from  the  great  size  of  the  protruded  portion  or  from  spasm  of  the  sphinc- 
ter. As  a  rule,  the  patient  learns,  under  ordinary  conditions,  to  reduce  his 
prolapse  himself,  nor  is  it  difficult  for  him  to  do  so  under  such  conditions  if  he 
takes  the  precaution  to  place  himself  in  the  knee-chest  posture. 

When  strangulation  does  occur,  it  will  be  best  to  reduce  the  prolapsed  bowel 
without  the  use  of  a  general  anaesthetic,  if  possible.  If  there  is  a  great  deal 
of  congestion  and  oedema,  firm  pressure  with  hot  cloths  should  be  made  for  some 
time  before  reduction  is  attempted. 

Efforts  at  reduction  should  be  made  by  introducing  the  finger  or  a  bougie 
into  the  lumen  of- the  bowel  at  the  lower  end  of  the  prolapse,  and  carrying  it 
upward.     Neither  the  finger  nor  the  bougie  should  be  oiled,  as  they  will  shp 
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over  the  mucous  membrane  instead  of  carrying  it  before  them.  In  order  to 
prevent  this  slipping,  which  may  occur  even  with  the  unanointed  finger,  it  will 
be  better  to  wrap  a  piece  of  thin  pa^jcr  around  the  finger,  and  then,  when  the 
prolapse  is  reduced,  to  withdraw  the  finger  and  leave  behind  the  piece  of  paper. 
AVhcn  there  is  spasm  of  the  sphincter,  it  is  better  to  administer  at  once,  with- 
out unnecessar}-  delay,  a  general  anaesthetic,  ^^'hen  the  protruded  bowel  has 
become  gangrenous  and  shows  a  disj)osition  to  slough,  great  care  should  be 
taken  to  ascertain  the  depth  of  the  slough,  as  it  would  be  dangerous  to  reduce 
it  if  the  walls  of  the  bowel  are  likely  to  give  way  and  establish  an  opening  into 
the  peritoneal  cavity.     In  such  cases  immediate  amputation  should  be  resorted 


Fig.  366. — Rectopexy  for  Procidentia  Recti;  the  Bowel  Inverted  and  brought  through  the  Inci- 
sion; the  Sutures  Passed  through  the  Muscular  Wall.  (Tuttle:  "'Diseases  of  the  Anus,  Rectum,  and 
Peh"ic  Colon."     D.  AjDpleton  &  Co.,  New  York.) 


to  and  the  lower  end  of  the  upper  segment  fixed  to  the  margin  of  the  anus  by 
sutures. 

"\^Tien  the  prolapsed  bowel  has  been  reduced,  the  buttocks  should  be  strapped 
together  and  the  patient  kept  in  the  recumbent  position. 

Operative  Procedures. — It  is  evident  that  the  method  to  be  selected  will  de- 
pend upon  the  degree  of  the  prolapse. 

In  complete  prolapse  of  the  first  and  second  degrees  we  have  to  deal  with 
either  mpture  or  elongation  of  the  bundles  of  connective  tissue  which  pass 
from  the  lower  end  of  the  rectmn  to  the  coccyx,  the  sacnmi,  and  the  prostate 
(or  the  vagina),  and  at  the  same  time  also  with  muscular  atony  or  relaxation. 
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Man}'  methods  have  been  devised  for  restoring  these  connective-tissue  sup- 
ports, and  among  them  that  of  AlHngham  and  Van  Buren,  which  depends  for 
its  success  upcjn  the  setting  uj:*  of  a  certain  amount  of  infianmiation  in  the  walls 
of  the  bowel  for  the  purpose  of  causing  them  to  become  aggkitinatcd  with  the 
perirectal  tissues.  Allingham  brought  this  about  by  the  application  of  strong 
nitric  acid  or  acid  nitrate  of  mercury.  This  use  of  nitric  acid,  however,  did  not 
originate  with  him.  Van  Buren,  to  accomplish  the  same  purpose,  recommended 
linear  cauterization  with  the  therm o-cautery.  The  subsequent  treatment  after 
the  use  of  these  means  is  the  same  as  that  described  in  the  paragraph  which 
is  devoted  to  treatment  of  partial  prolapse  in  children  by  one  of  these  methods. 


Fig.  367. — Rectopexy  for  Procidentia  Recti;  the  Sutures  passed  from  witliin  on  Each  Side  of  the 
Sacrum.  (Tuttle:  "Diseases  of  the  Anus,  Rectimi,  and  Peh-ic  Colon."  D.  Appleton  &  Co., 
New  York.) 

The  methods  just  referred  to  are  successful  in  the  treatment  of  prolapse  of 
the  first  degree,  if  used  in  children  in  the  early  stages  of  the  troul^le,  but  they  do 
not,  as  a  rule,  answer  for  adults,  and  in  the  case  of  old  people,  with  broken-down 
constitutions,  the  acid  is  likely  to  be  positively  harmful.  The  application  of 
the  thermo-cautery  is  much  more  successful  in  adults,  as  is  also  the  method, 
advised  by  Dr.  Henry  Smith  for  cases  in  which  the  prolapse  is  of  small  extent, 
of  removing  folds  of  mucous  membrane  at  four  or  five  points  around  the  cir- 
cumference of  the  rectum,  by  the  employment  of  the  clamp  and  cautery. 

In  minor  degrees  of  procidentia  the  condition  may  be  relieved  by  Earle's 
modification  of  Whitehead's  operation;  but,  in  the  average  case  of  complete 
.prolapse,  operations  limited  to  the  mucous  membrane  will  generally  prove  in- 
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effectual.  Hence  there  have  been  reconnnendcd  a  number  of  devices  which  ha\'e 
for  their  object  the  strengthening  of  the  deeprr  suijports.  In  this  category  belong 
the  methods  proposed  by  Roberts.  Dielfenbach,  Lange,  \'erncuil,  and  Petei-s. 
Xot  one  of  these,  however,  ^^ith  the  exception  of  that  recommended  by  \'er- 
neuil,  accomplishes  an\-thing  more  than  to  narrow  somewhat  the  anal  outlet 
and  to  cause  an  adhesion  of  the  lower  portion  of  the  rectum  to  the  surrounding 
parts  l)y  means  of  an  inflannnatory  process.  Consequently  it  is  not  safe  to 
tiaist  any  of  these  methods  to  retain  a  prolapse  of  any  magnitude  for  longer 
than  a  brief  period  of  time.  Xearh*  all  of  those  mentioned  rely  for  their  suc- 
cess in  producing  a  stiffening  of  the  rectal  wall  and  a  narrowing  of  the  caUbre 


Fig.  36S. — Rectopexy  for  Procidentia  Recti:  the  Operation.  Completed.     (Tuttle:    "Diseases  of  the 
Aniis,  Rectum-,  and  Peh-ic  Colon."     D.  Appleton  &  Co.,  Xew  York.) 


of  the  canal,  upon  an  infolding  of  this  wall:  and  the  Dieffenbach-Robeits 
method  consists  merely  in  narro^A-ing  the  lower  two  inches  of  the  rectmii  b}'' 
taking  out  a  section  of  the  entire  thickness  of  the  rectal  wall  for  that  distance. 
Vemeuil  simply  gathered  the  bowel  into  horizontal  folds,  thus  shortening  it, 
and  then  he  sutured  the  folded  portion  to  the  sides  of  the  coccyx  and  sacrum 
by  means  of  buiied  sutures. 

Rectopexy  or  Suspension  of  the  Rectum  from  the  Sacrum. — George  R. 
Fowler  (Medical  Xeus.  Xew  York.  Febmaiy  27th.  1897)  fii-st  practised  suspend- 
ing the  rectmii  by  sutures  from  the  coccyx,  and  Tuttle  has  made  use  of  the 
principle  in  the  following  manner: — 

Aftei-  the  patient  has  been  brought  under  the  influence  of  a  general  antes- 
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thetic,  the  prolapse  is  dragged  down  to  its  full  extent.  A  curved  incision, 
about  two  inches  long,  is^made  midway  between  the  coccyx  and  the  anus. 
(Fig.  365.)  This  is  carried  down  to  the  rectal  wall  in  the  retro-rectal  space. 
The  rectum  is  next  separated,  by  dull  dissection,  from  the  coccyx  and  sacrum 
posteriorly,  as  high  up  as  the  attachment  of  the  meso-rectum,  and  on  the  sides 
as  far  as  the  attachment  of  the  lateral  ligaments.  These  ligaments  should  be 
carefully  preserved.  The  anterior  surface  of  the  coccyx  and  sacrum  should  be 
gently  curetted,  to  remove  the  fatty  tissue  and  to  freshen  the  surfaces.  The 
assistant  now  reduces  the  prolapse,  and,  with  his  fingers  inside  the  bowel,  he 
inverts  and  brings  it  out  through  the  incision.  (Fig.  3(36.)  The  operator 
catches  the  protruded  portion  of  the  bowel  and  pulls  it  out  as  far  as  it  will  come. 
The  exposed  surface  of  the  bowel  is  then  also  curetted.  Silkworm-gut  or  silver- 
wire  sutures  are  next  passed  transversely  through  the  muscular  layer  and  are 
made  to  embrace  as  much  of  the  circumference  of  the  bowel  as  possible;  they 
are  placed  half  an  inch  apart,  and  the  ends  are  left  six  or  eight  inches  long. 
The  ends  of  the  upper  sutures  are  now  threaded  on  long,  curved  Peaslee's 
needles,  and  each  one  in  turn  is  carried  up  through  the  wound  to  the  highest 
point  of  separation  between  the  rectum  and  the  sacrum,  and  at  this  point  they 
are  made  to  penetrate  the  soft  tissues  and  are  brought  out  through  the  skin  on 
opposite  sides  of  the  sacrum.  Each  succeeding  suture  is  brought  out,  on  the 
skin,  half  an  inch  lower  than  the  preceding  one.  (Fig.  367.)  The  ends  are  then 
drawn  taut,  and  the  prolapse  is  thus  dragged  up  into  the  hollow  of  the  sacrum. 
A  pad  of  gauze  is  laid  over  the  sacrum,  between  the  sutures,  and  they  are  tied 
over  this,  to  avoid  their  cutting  into  the  skin.  (Fig.  368.)  Before  the  sutures 
are  tied  the  wound  should  be  freed  from  all  clots,  the  oozing  checked,  and  the 
external  wound  closed. 

If  the  sphincters  are  much  relaxed,  a  ligature  of  kangaroo  tendon  may  be 
passed  around  the  anus,  at  the  upper  margin  of  the  external  sphincter,  and 
tied  over  the  index  finger  after  it  has  been  introduced  through  the  anus. 

The  bowels  should  be  confined  for  eight  days  and  then  they  should  be 
moved  by  an  enema.  The  patient  should  be  confined  to  bed,  and  should  use 
the  bed-pan  for  three  weeks.  The  anchoring  sutures  are  left  in  for  from  ten 
to  fourteen  days. 

The  results  secured  by  this  operation  are,  according  to  Tuttle,  most  satis- 
factory. Indeed,  so  far  as  we  know,  no  other  operation  for  the  relief  of  the 
first  and  second  degrees  of  complete  prolapse  has  proved  equally  satisfactory. 

In  complete  prolapse  of  the  third  degree,  the  conditions  with  which  we  have 
to  deal  are  entirely  different.  In  these  cases  there  is  a  giving  way  of  the  su- 
perior supports,  or  there  is  an  abnormally  long  mesentery,  and  the  correction 
of  the  prolapse  consists  in  restoring  these  supports  or  in  substituting  others  in 
their  places.  As  in  the  other  degrees  of  prolapse,  tne  exciting  cause  must  be 
relieved,  and  special  attention  should  be  paid  to  regulating  the  consistency 
and  character  of  the  stools,  on  account  of  the  obstruction  which  this  form  of 
prolapse  offers  to  their  passage. 

Temporary  relief    of  some  of  the  most  annoying  symptoms  of  the  third 
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degree  of  prulaiisi'  may  lu'  given  l:)y  the  daily  intruduction  of  a  AA'ales  bougie 
at  the  time  of  going  to  stool.  This  procedure  pushes  the  bowel  back  into  posi- 
tion and  greatly  facilitates  the  act  of  ha^'ing  a  stool. 

Sigmoidopexy. — Since  the  abnormally  long  meso-rectum  and  me?o-sig- 
moid  acti\'el\-  auil  iMin-tantl}'  fa\"iir  the  [irdduction  (if  a  }ir(_)lap.-e  of  the  rectum, 
the  most  rational  and  at  the  same  time  the  most  successful  method  of  dealing 
with  the  third  degree  of  prola]:ise  is  to  attach  the  sigmoid  to,  or  to  suspend  it 
from,  the  abdominal  wall.  This  jdan,  ^^•hich  was  first  suggested  b}'  Jeannel 
and  performeil  by  A'crneiiil  in  1889.  is  known  as  sigmoidopexy. 

The  operation  consists  in  opening  the  abdomen  just  above  the  pubis,  through 
the  body  of  the  left  rectus  muscle.  The  patient  is  then  placed  in  the  Trende- 
lenburg posture  and  an  elliptical  piece  of  the  parietal  peritoneimi,  rimning  up- 
ward and  outward  for  a  distance  of  two  inches  to  the  left  from  the  abdominal 
wound,  is  dissected  off.  The  sigmoid  is  then  caught  and  drawn  upward  into 
the  woimd,  until  the  entire  prolapse  is  completely  overcome,  and  until  the 
bow?l  between  this  point  and  the  anus  is  d^a^^'n  comparatively  taut.  Fine  silk 
sutures  are  now  passed  through  the  transversalis  fascia  on  one  side  of  the  fresh- 
ened surface,  then  through  one  of  the  longitudinal  muscular  bands  of  the  sig- 
moid, and  out  through  the  transversahs  fascia  on  the  opposite  side  of  the  fresh- 
ened surface.  Three  of  these  sutures  are  used  for  attaching  the  bowel  to  the 
fascia:  they  extend  over  a  space  about  two  inches  in  length.  The  wound  is 
then  closed  after  the  usual  manner.  The  foot  of  the  bed  should  be  elevated  to 
the  extent  of  from  eight  to  ten  inches,  and  tliis  position  of  the  bed  should  be 
maintained  for  five  days.     The  bowels  should  be  moved  on  the  seventh  day. 

This  operation  has  been  done  a  number  of  times  with  almost  unvaning 
success,  so  far  as  the  permanent  reUef  of  the  prolapse  is  concerned.  In  some 
cases  there  has  remained,  at  the  site  of  the  adhesion,  an  unpleasant  dragging 
sensation,  winch  at  times  may  amount  even  to  pain.  Tliis  techniciue  is  modi- 
fied by  different  siu'geons.  Some  attach  the  posterior  abdominal  wall :  some 
incise  the  peritoneum  and  attach  the  bowel  to  the  fascia  of  the  iliaciLs  muscle 
in  the  ihac  fossa:  and  others  still  attach  the  sulco-sigmoid  instead  of  the  bowel 
itself  to  the  abdominal  wall.  We  have  had  no  experience  v^ith  these  methods 
and  therefore  cannot  express  an  opinion  upon  their  value. 

Dr.  Mathews  {JournoJ  Amer.  Med.  Assoc.  1901,  Vol.  I.)  has  repoited  a  case 
of  very  extensive  procidentia  which  he  treated  successfully  by  sigmoidopexy'. 

Sigmoidopexy  is  best  adajited  to  the  relief  of  cases  which  are  due  to  an 
abnomially  long  meso-sigmoid.  AVhen  the  procidentia  is  due  to  stricture  or 
to  a  neoplasm  the  cause  must  be  removed.  If  the  case  is  one  in  which  there  is 
a  ver\'  extensive  prolapse  of  the  second  degree,  and  in  which  there  is  reason 
to  believe  that  both  the  upper  and  the  lower  supports  of  the  rectum  have 
given  way,  then  it  may  be  necessary  to  combine  sigmoidopexy  with  rectopex}'. 
"\^Tien  the  prolapse  cannot  be  reduced,  or  when  it  has  become  gangrenous  or  so 
inflamed  that  it  would  not  be  wise  to  attempt  its  reduction,  the  removal  of  the 
strangulated  intestine  would  natiu'aUy  suggest  itself  as  the  proper  course  to 
pursue. 
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Excision.— Amputation  of  the  prolapsed  bowel  is  undertaken  only  in  aggra- 
vated cases  of  the  second  degi'ee,  which  are  too  extensive  to  be  reheved  by  more 
conservative  measures— for  example,  in  cases  in  which  there  is  a  neoplasm 
involving  the  entire  tliickness  of  the  rectal  wall;  in  cases  in  which  the  prolapse 
is  associated  with  an  organic  stricture;  or  in  those  cases  in  wliich  the  prolapsed 
bowel  has  become  strangulated  and  gangrenous.  The  probability  of  the  exist- 
ence of  the  rectal  hernia  should  always  be  borne  in  mind,  and  should  be  looked 
for  before  one  does  an  amputation.  The  hernial  sac  can  be  easily  emptied  of 
its  intestinal  contents  by  placing  the  patient  in  the  Trendelenburg  position. 

Technique  of  the  Operation  of  Excision.— The  patient  should  be  placed  in 
the  lithotomy  position  T\ith  the  hips  well  elevated  in  order  to  throw  the  small 
intestines  toward  the  upper  part  of  the  abdominal  cavity.  The  rectimi  should 
be  dragged  down  as  far  as  it  habitually  prolapses  and  held  fimily  by  volsella 
forceps.  Then,  after  the  exposed  parts  have  been  made  surgically  clean  and 
dried,  an  incision  should  be  made  through  the  entire  thickness  of  the  intestine 
about  two  inches  above  the  muco-cutaneous  hne,  until  the  peritoneal  ca\dty  is 
opened.  The  serous  coat  of  the  intussuscepted  portion  of  the  bowel  should  next 
be  cut  through  and  its  upper  edge  sutm'ed  to  the  peritoneal  edge  of  the  pro- 
lapsed portion.  The  peritoneal  pouch  is  thus  closed  as  the  excision  proceeds. 
The  entire  tliickness  of  the  intussuscepted  bowel  is  now  cut  thi-ough  and  its 
muscular  and  mucous  layers  are  sutured,  httle  by  little,  as  they  are  cut,  to  the 
corresponding  layers  of  the  lower  section  of  the  bowel  (the  intussuscipiens)  at 
the  anal  margin.  Chromicized  catgut  is  preferable  as  suture  material.-  In  this 
manner  the  entire  prolapse  is  excised,  and  an  end-to-end  anastomosis  of  the 
bowel  is  made. 

After  the  excision  is  completed,  if  the  edges  of  the  mucous  membrane  are 
not  in  accurate  apposition,  a  fine  mnning  suture  of  catgut,  carried  around  the 
entire  circumference  of  the  bowel,  should  draw  them  closely  together.  A 
drainage  tube  should  then  be  introduced  into  the  bowel,  and  opium  should  be 
administered  to  quiet  peristalsis  and  to  confine  the  bowels  for  seven  or  eight 
days. 

These  cases  should  be  watched  very  carefully  for  a  year  after  the  opera- 
tion to  see  that  stricture  does  not  follow.  The  nutrition  of  the  patient  may 
suffer  from  the  loss  of  such  a  large  absorptive  surface,  to  such  a  degi'ee  that 
compensation  wiU  have  to  be  provided  in  the  best  mannei  that  may  suggest 
itself.  When  the  magnitude  of  the  operation  is  considered  it  is  remarkable 
how  free  it  has  been  from  fatal  results  up  to  the  present  time. 

CoMPLiCATioxs. — The  inflammatoiy  conditions  and  ulcerations  which  are 
frequently  found  complicatmg  a  prolapse  of  the  rectum,  and  which  represent 
either  the  exciting  cause  or  the  results  of  the  irritation  of  the  mucous  surface 
from  prolonged  exposure  and  friction,  should  be  treated  by  sponging  the  parts 
with  warm  antiseptic  and  astringent  solutions  and  by  keeping  the  patient  for 
some  time  in  the  recumbent  position. 

To  stop  the  hemorrhage  which  frequently  takes  place  from  the  congested 
mucous  surfaces,  a  fifty-per-cent  mixture  of  hydrastis  is  the  best  and  least 
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injurious  application.  Where  there  are  wen-defined  ulcers,  a  strong  solution 
(from  twenty  to  thirty  per  cent)  of  silver  nitrate,  to  be  appHed  every  three  or 
four  days,  will  answer  the  purpose  best. 

In  order  to  keep  the  prolapsed  portion  of  the  bowel  up,  which  is  essential 
to  the  relief  of  these  conditions,  compresses  should  be  applied  over  the  anus 
and  the  buttocks  should  be  strapped  together. 

Another  complication  is  one  in  which  unusually  large  areas  of  the  intestine 
protrude  through  the  anus.  Several  cases  have  been  reported — one  by 
Esmarch,  for  example,  in  which  the  entire  large  intestine,  including  the  csecum, 
protruded  through  the  anus.  Dr.  Earle,  in  August,  1907,  saw  a  boy,  twelve 
years  of  age,  who  had  a  large  prolapse  of  the  bowel.  When  the  abdomen  was 
opened,  there  was  found  to  be  an  irreducible  invagination,  which  began  at  a  point 
about  four  inches  above  the  ileo-csecal  valve  and  involved  the  whole  of  the 
colon,  including  the  sigmoid.  As  it  was  positive^  irreducible,  the  invaginated 
surfaces  ha\'ing  become  adherent,  no  other  course  was  open  but  to  resect  the 
entire  invaginated  portion  of  the  bowel  and  then  to  establish  an  end-to-end 
anastomosis  between  the  ileum  and  the  rectum.  This  was  done  by  Dr.  Kirby, 
of  St.  Joseph's  Hospital,  Baltmiore,  Md.  The  patient  survived  for  about  thirty- 
six  hours. 

Rectal  hernia,  already  mentioned  on  a  previous  page,  is  one  of  the 
most  frequent  and  serious  complications  of  complete  prolapse.  Ludlow  has 
attempted  to  show  that  the  majority  of  cases  of  prolapse  of  the  rectum  are 
due  to  rectal  hernia.  Clinical  observations  have  not  established  the  truth  of 
this  assertion,  yet  every  careful  observer  must  have  seen  cases  in  which  the 
cul-de-sac  bulged  backward  into  the  rectal  ampulla  to  such  an  extent,  during 
straining  at  stool,  as  almost  to  occlude  this  cavity.  The  extensive  protrusion 
into  the  rectal  ampulla,  without  appearing  outside  of  the  anus,  certainly  in- 
dicates the  possibility  of  its  increasing  until  it  overcomes  the  resistance  of 
the  external  sphincter  and  causes  a  prolapse  of  the  rectum.  The  circumfer- 
ence of  the  prolapse  will  be  determined  by  the  length  of  it,  and  the  size  of  the 
hernial  sac  will  in  turn  depend  upon  its  circumference; — the  farther  it  pro- 
trudes, the  larger  will  be  the  sac  and  the  more  of  the  intestinal  circumference 
will  it  involve. 

The  diagnosis  of  hernia,  in  a  case  of  rectal  procidentia,  is  made  from  the 
following  sjmiptoms  and  signs:  the  gurgling  sound  which  is  produced  upon  re- 
duction of  the  prolapse;  the  tympanitic  note  which  is  elicited  by  percussion; 
and  the  dragging  and  griping  sensations  which  are  felt  in  the  abdomen  by  the 
patient  when  the  hernia  is  down.  The  presence  of  the  hernia  should  suggest 
care  in  attempts  at  reduction  of  the  prolapse,  for  fear  of  injuring  the  in- 
testines. 

AMiile  the  contents  of  the  hernial  sac  are  generally  composed  of  small  in- 
testines, it  may  contain  portions  of  the. sigmoid  or  the  omentum,  one  of  the 
ovaries  or  tubes,  the  uterus,  the  appendix,  or  a  portion  of  the  bladder.  Any 
of  these  organs  may,  by  becoming  adherent  to  the  sac,  prevent  reduction  of 
the  heiTiia  and  also  furnish  a  serious  obstacle  to  amputation. 
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The  chief  danger  from  a  hernia  of  this  nature  is  from  strangulation  and 
rupture  of  the  intestinal  wall.  Strangulation  may  occur  from  constriction  by 
the  sphincter,  the  levator  ani,  or  the  longitudinal  muscular  fibres  of  the  rectal 
wall. 

The  treatment  of  such  cases  consists,  first,  in  reducing  the  hernia,  if  possi- 
ble, by  gentle  taxis,  under  the  influence  either  of  a  general  anaesthetic  or  of 
large  doses  of  morphia,  the  patient  being  placed  in  the  Trendelenburg  or  an 
exaggerated  knee-chest  position.  After  the  procidentia  has  been  reduced,  the 
operator's  fingers  should  be  carried  into  the  rectum  to  reduce  the  hernial  pro- 
trusion in  the  rectal  ampulla.  AATien  such  means  fail  to  reduce  the  hernia, 
laparotomy  should  be  performed  at  once,  the  adhesions  broken  up,  and  the 
intestines  drawn  into  the  abdominal  cavity. 

Advantage  should  be  taken  of  such  an  opportunity  to  do  a  sigmoidopexy 
for  the  relief  of  the  rectal  prolapse.  The  intraperitoneal  route  also  affords  an 
opportunity  for  resection  of  any  gangrenous  loops  of  the  intestine  that  may  be 
present  and  for  obliterating  the  hernial  sac  by  suturing  its  walls. 

Rupture  of  the  hernial  sac  may  take  place  through  the  rectal  wall.  It  may 
occur  spontaneously,  being  induced  by  the  act  of  vomiting,  by  the  patient's 
straining  while  at  stool,  by  his  lifting  some  heavy  object,  or  through  the  efforts 
of  the  surgeon  to  reduce  the  prolapse  and  hernia.  If  the  prolapse  is  down  at 
the  moment  of  rupture,  the  contents  of  the  hernial  sac  will  protrude  from  the 
body;  if  the  rupture  occurs  when  there  is  no ■  protrusion  outside  of  the  anus, 
the  small  intestines  will  protrude  into  and  fill  the  rectum.  The  presence  of  the 
small  intestine  in  the  hernial  protrusion  will  make  it  easy  to  recognize  the  true 
state  of  affairs. 

The  symptoms  develop  suddenly.  They  are:  acute  pain,  followed  by  pro- 
lapse; shock;  and  protrusion  of  the  small  intestines. 

While  the  mortality  in  such  cases  is  generally  high,  yet  if  the  protruding 
intestines  or  other  contents  of  the  hernial  sac  can  be  reduced  at  once  and  the 
rent  sutured,  a  favorable  result  may  be  looked  for. 

Before  the  attempt  is  made  to  reduce  the  protruded  bowel  the  patient 
should  be  held  in  an  exaggerated  knee-chest  position,  or,  better  still,  he  should 
be  suspended  b}^  the  feet;  for,  when  the  body  is  placed  in  either  of  these 
positions,  the  bowel  may  recede  spontaneously.  Great  care  should  be  taken 
to  ascertain  positively  that  the  intestines  have  been  returned  to  the  abdominal 
cavity,  and  have  not  merely  been  crowded  into  the  rectum.  If  the  intestines 
have  becomes  gangrenous  they  should  be  thoroughly  cleansed,  the  protruding 
part  excised,  and  the  segments  of  the  intestines  that  are  left  outside  should  be 
tied  off.  Laparotomy  should  then  be  performed,  and  an  end-to-end  anasto- 
mosis of  the  healthy  intestines  attempted.  If  the  bowel  is  not  gangrenous, 
laparotomy  should  be  performed  at  once,  the  protruding  intestines  drawn  back 
into  the  abdominal  cavity,  and  the  rent  in  the  rectal  wall  sutured  from  the 
peritoneal  side,  if  possible. 


SURGICAL   DISEASES   OF   THE   ANUS  AND   RECTUM.        891 


XIII.   BEXIGX  TUMORS   OF  THE  RECTUM. 

Under  this  heading  only  those  tumors  will  be  considered  which  produce  no 
constitutional  disturbance  bej^ond  such  as  may  be  due  to  mechanical  irritation 
and  reflex  manifestations. 

The  classification  of  tumors  of  the  rectum  is  usually  based  on  their  hi>to- 
logical  characteristics,  and  the  broad  differentiation  between  benign  and  ma- 
lignant tumors  which  is  made  on  these  lines,  is  this:  that  in  benign  tumors 
the  cellular  elements  are  fully  developed  and  normally  arranged,  whereas  in 
malignant  tumors  the  cellular  elements  are  irregularly  arranged,  are  imper- 
fectly developed,  and  are  found  growing  outside  of  their  normal  sites.  Further 
than  this,  we  do  not  know  what  inherent  c|ualities  or  characteristics  should 
render  one  benign  and  the  other  malignant. 

Under  the  above  classification  the  following  subcU^^sions  naturallv  sug- 
gest themselves:  Tumors  of  the  connective-tissue  t3qDe;  tumors  of  the  mus- 
cular-tissue type;  tumors  of  the  epitheHal  t^De;  and  irregular  gro^nhs. 

Among  the  benign  tumors  belonging  to  the  first  subdi^'ision  are:  fibroma, 
enchondroma,  lymphadenoma,  lipoma,  and  myxoma.  Myoma  and  fibromy- 
oma  belong  to  the  muscular  variety  of  tumors  and  both  of  them  are  benign. 
Those  benign  tumors  which  belong  to  the  epitheHal  variety  are  adenoma  and 
papilloma,  .\mong  the  irregular  growths  the  following  are  benign:  cystomas, 
fimgi.  vegetations,  and  excrescences. 

Fibroma. — Timiors  of  this  type  are  rarely  found  in  the  anus  and  rectum. 
A  fibroma  in  this  locality  originates  in  the  connective  tissue  of  the  submucosa 
and  sometimes  attains  considerable  size.     It  may  remain  in  the  rectal  wall  or 
it  may  assume  the  form  of  a  pohqDus. 

A  pure  fibroma  is  composed  almost  entirely  of  fibrous  tissue,  with  only  a 
few  blood-vessels,  but  many  of  these  timiors  contain,  in  addition,  muscular 
and  glandular  tissues.  AMiat  is  known  as  a  fibrous  polypus  is  a  good  example 
of  this  mixed  variety.  It  rarely  undergoes  transformation,  but,  when  it  does, 
it  degenerates  into  a  sarcoma. 

Irritation  and  tenesmus,   A^ith  a  dragging  sensation  when  the  groT\-th  is 
pedunculated  and  is  grasped  by  the  sphincter,  are  the  usual  s}inptoms  when-  - 
ever  the  growth  attains  much  size. 

Enchondroma. — An  enchondroma  is  a  still  rarer  form  of  the  connective- 
tissue  variety  of  tumor,  and  is  composed  of  cartilaginous  and  fibrous  tissues. 
Only  a  few  cases  of  rectal  enchondromata  have  been  reported. 

Lipoma. — A  lipoma  is  a  timior  composed  of  adipose  tissue.  AMien  found 
in  the  rectum  tumoi*s  of  this  nature  ordinarily  develop  from  the  submucous 
layer.  The  growth  may  form  a  paii  of  the  rectal  wall  or  it  may  simply  spring 
from  it  in  the  form  of  a  pedunculated  tumor. 

The  removal  of  a  rectal  lipoma,  when  pedunculated,  should  always  be  pre- 
ceded by  ligation  of  the  pedicle,  on  account  of  the  possibility  of  an  invagina- 
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tioii  of  the  peritoneum  into  the  intestine.  Where  the  tumor  is  embedded  in 
the  rectal  wall,  it  should  be  removed  by  incising  the  mucous  membrane  over 
the  tumor,  enucleating  it,  and  then,  if  possible,  suturing  the  wound. 

Myoma. — A  myoma  is  a  tumor  composed  of  muscular  tissue  alone  or  com- 
bined with  fibrous  tissue.  Rectal  tumors  of  this  nature  are  nodular  in  shape, 
and  they  may  be  either  pedunculated  or  embedded  between  the  submucous 
and  muscular  layers.  AVhere  the  fibrous  tissue  is  present  in  considerable  quan- 
tit}^,  the  tumor  is  called  a  fibromyoma.     Myomata  are  not  very  vascular. 

'\^Tien  a  myoma  is  small  and  embedded  in  the  rectal  wall,  its  hard  consistency 
and  nodular  form  may  lead  one  to  mistake  it  for  a  scirrhous  cancer. 

AATien  the  tumor  is  located  not  more  than  four  inches  above  the  anus,  and 
the  mucous  membrane  is  freely  movable  over  it,  the  better  plan  will  be  to 
remove  the  mass  through  an  incision  which  divides  the  skin  posterior  to  the 
rectum  and  extends  into  the  muscular  wall  of  the  bowel,  but  does  not  penetrate 
the  mucous  membrane.  After  the  growth  has  been  removed,  the  edges  of  the 
wound  should  be  accurately  brought  together  and  sutured.  But  if  the  tumor 
is  taken  out  through  the  anus,  great  care  should  be  taken  to  furnish  free  drainage. 

Lymphadenoma. — The  lymphadenoma,  which  is  developed  from  the  lym- 
phoid tissue,  is  only  occasionally  found  in  the  rectum.  It  is  soft  to  the  touch 
and  may  attain  considerable  size. 

Rectal  lymphadenomata  may  or  may  not  be  pedunculated.  They  are 
likely  to  be  confounded  with  lymphosarcomata.  ■  It  is  said  that  they  are  fre- 
quently found  in  connection  with  Hodgkin's  disease.  They  are  lobulated, 
soft,  and  of  a  bright-red  color,  and  they  are  never  multiple. 

The  symptoms  of  a  rectal  lymphadenoma  are  only  such  as  may  be  excited 
by  the  presence  of  a  tumor  in  the  rectum. 

Excision  of  the  tumor  together  'v\dth  a  broad  margin  of  the  surrounding 
healthy  tissue  is  the  proper  treatment  to  adopt;  for,  while  tumors  of  this 
nature  are  generally  considered  benign,  both  Stengel  and  Ziegler  say  that  they 
are  frequently  malignant. 

Myxoma. — A  myxoma  is  a  soft,  flabby  growth,  either  polypoid  or  spherical 
in  shape,  and  enclosed  in  a  thin  capsule.  It  consists  of  a  gelatinous  mucin 
throughout  which  are  scattered  branched  or  stellate  cells.  It  is  rare  for  these 
tumors  to  exist  as  pure  myxomas;  they  are  frecjuently  mixed  with  fibrous, 
fatty,  cartilaginous,  or  sarcomatous  tissue.  According  to  Stengel,  the  vascu- 
lar supply  is  scanty. 

Adenoma. — An  adenoma  of  the  rectum  is  developed  from  the  mucous  and 
submucous  coats,  and  as  a  consequence  all  the  elements  that  enter  into  the 
composition  of  these  layers  are  found  in  the  tumor.  A  large  number  of  rectal 
polypi  are  adenomatous  in  character,  but  all  polypi  in  this  locality  are  not 
adenomas,  neither  are  all  adenomas  poljqDi. 

The  tumors  may  be  multiple  or  they  may  occur  singly.  In  children  there 
are  generally  one  or  two,  and  these  are  likely  to  be  distinctly  polypoid  in  char- 
acter, with  long  pedicles.  In  adults  they  are  often  multiple,  with  pedicles 
which  ai*e  short  and  thick.     In  children  the  fibrous  tissue  is  likely  to  predom- 
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inate,  whereas  in  adults  the  muscular,  the  epithelial,  and  the  glandular  elements 
are  apt  to  be  in  excess  of  the  connective  tissue. 

Simple  adenomas  occur  princii)all}'  in  childhood.  The  tumors  vary  in  size 
from  that  of  a  very  small  cherry  to  that  of  a  hen's  egg  or  some  larger  object. 
The  form  of  the  pedicle  varies  with  the  size  of  the  tumor,  being,  as  a  rule,  much 
attenuated  where  the  size  and  position  of  the  tumor  are  such  as  to  subject  it 
to  a  certain  amount  of  dragging.  The  firmness  and  vascularity  of  the  tumor 
will  depend  upon  the  amount  of  fibrous  tissue  in  the  pechcle  and  body  of  the 
growth.  These  tumors  may  undergo  degenerative  changes,  and,  wliile  they 
are  generally  benign,  it  is  not  very  rare  for  them  to  assume  a  malignant  form 
or  to  be  followed,  after  they  have  been  removed,  either  by  the  return  of  the 
same  kind  of  gro\\i;h  or  by  the  development  of  a  new  growi;h  of  a  malignant 
nature. 

AMien  the  pedicle  is  narrow  it  may  be  twisted,  tied,  or  snared  off.  If  the 
pedicle  is  broad  or  the  tumor  sessile,  the  entire  mass  should  be  removed  by  an 
incision  which  is  carried  through  the  mucous  membrane  down  to  the  muscular 
layer,  and  should  include  a  wide  margin  of  healthy  tissue.  If  any  of  the  base 
of  the  pedicle  remains  it  should  be  ligated,  and  the  wound  should  be  closed 
with  catgut  sutures. 

Multiple  Adenomata. — The  rectum,  the  sigmoid,  and  sometimes  the  entire 
colon  may  be  the  seat  of  multiple  adenomata.  Their  etiology,  pathology, 
symptoms,  and  course  differ  from  those  of  simple  adenomata.  Quenu  and 
Landel  {Revue  de  Chirurgie,  1889,  Tom.  XIX.,  pp.  465-494)  give  a  most  ex- 
haustive review  of  this  subject.  They  point  out,  not  only  a  difference  in  the 
ages  at  which  the  two  varieties  of  adenoma  occur,  but  also  certain  differences 
in  their  histology  and  pathology,  differences  which  settle  definitely  the  ques- 
tion as  to  their  being  two  separate  varieties.  Multiple  adenomata  constitute 
a  disease  that  belongs  especially  to  adult  life.  The  authors  above-c|uoted  found 
that  over  fifty  per  cent  of  these  cases  occurred  in  individuals  between  the  ages 
of  twenty  and  tliirty-five  years.  They  do  occur  at  an  early  age,  however.  One 
of  us  has  seen  three  cases  in  children  of  three,  five,  and  nine  years,  respectively. 

AMiile  in  multiple  adenomata  there  is  a  hyperplasia  of  the  normal  glandu- 
lar tissues  of  the  bowel,  the  exact  cause  of  this  hyperplasia  is  not  definitely 
known.  It  has  been  attributed  to  hereditary  influence  by  some,  to  parasitic 
and  to  microbic  influences  by  others. 

From  a  review  of  the  cases  reported,  it  would  appear  that  the  rectum  is 
the  portion  of  the  intestinal  canal  which  is  most  frequently  affected.  The 
growths  may  vary  in  size  from  a  hemp-seed  to  a  good-sized  egg,  and,  in  con- 
formation, from  a  smooth,  round,  shiny  tumor,  to  a  rough,  and  wart-like 
growi^h.  ^Multiple  adenomata  are  more  likely  to  be  sessile  than  to  have  ped- 
icles. There  is  always  more  or  less  proctitis  and  colitis  along  -uith  this  con- 
dition. According  to  Quenu  and  Landel  it  is  more  likely  that  the  changes  in 
the  mucous  membrane  are  of  a  trophic  nature  than  that  the}'  are  due  to  me- 
chanical irritation. 

The    symptoms  observed  in  these  cases  are:    at  first,  a  slight  diarrhoea, 
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which  soon  becomes  very  annoying;  digestive  disturbances;  and  exhaustion. 
The  stools,  which  at  first  are  simply  diarrhceal  in  character,  contain,  at  a  later 
stage,  mucus,  with  both  fresh  and  decomposed  blood.  There  is  also  tenesmus, 
with  bearing-down  pains. 

The  only  positive  and  satisfactory  method  of  making  a  diagnosis  is  by  in- 
spection through  the  proctoscope.  With  the  aid  of  this  instrument  one  may 
determine,  not  only  the  fact  of  the  presence  of  these  tumors  (when  they  are  not 
too  far  up  in  the  bowel),  but  also  their  actual  number,  their  general  characteris- 
tics, and  the  extent  of  surface  involved.  In 
order  to  ascertain  whether  or  not  the  tumors 
have  undergone  malignant  transformation,  it 
will  be  necessary  to  cut  off  one  of  them  and  ex- 
amine its  base  microscopically.  It  must  be 
borne  in  mind,  however,  that  a  negative  exam- 
ination in  the  case  of  one  tumor  does  not  prove 
that  some  one  of  the  others  may  not  have  un- 
dergone a  malignant  change.  As  a  rule,  in 
about  three  out  of  four  cases  of  multiple  ade- 
nomata, malignancy  is  likely  to  show  itself  sooner 
or  later  in  some  of  the  growths.  Ordinarily,  the 
microscopic  examination  shows  that  these 
growths  are  composed  of  hypertrophied  glands 
and  connective  tissue,  covered  with  cylindrical 
epithelium.  Neither  restriction  of  diet  nor  in- 
ternal medication  seems  to  exert  more  than  a 
temporary  control  over  some  of  the  symptoms 
(the  diarrhoea,  for  instance),  and  it  certainly  ex- 
erts no  influence  whatever  over  the  adenomata 
themselves.  At  the  same  time  much  may  be 
accomplished  in  these  cases  by  cold  astringent  lavages  and  internal  medication, 
such  as  salicylate  of  bismuth,  tannopin,  and  opium,  toward  quieting  the  tenes- 
mus. It  is  usually  taught,  however,  that  the  growths  are  best  dealt  with  by 
removal,  as  by  snaring,  by  ligature,  and  by  cauterization.  Before  one  resorts  to 
the  latter,  however,  it  is  very  important  to  determine,  if  possible,  the  existence 
of  malignant  degeneration.  If  it  be  found  to  exist,  no  operation  short  of  a 
radical  removal  of  the  affected  area  should  be  undertaken.  If,  however,  the 
growths  are  confined  to  the  rectum  and  sigmoid  they  may  be  removed,  through 
a  cylindrical  proctoscope,  with  a  wire  snare  or  by  twisting  them  off  with  forceps. 
Through  a  persistent  repetition  of  this  operation,  good  results  have  been  ob- 
tained by  a  number  of  operators ;  and  yet  there  are  others  who  "have  found 
that  new  tumors  appear  in  the  place  of  those  which  have  been  removed. 
Where  the  repeated  removal  of  the  adenomata  fails  to  give  the  desired  rehef 
and  the  patient  continues  to  grow  worse,  one  may  choose,  as  a  palliative 
measure,  either  one  of  the  following  operations:  an  inguinal  colostomy,  prefer- 
ably on  the  right  side,  if  there  is  reason  to  believe  that  the  whole  of  the  colon 


Fig.  369.— View  of  the  Surface 
of  a  Papilloma  of  the  Rectum. 
(Earle  and  Tuttle.) 
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is  studded  with  the  growths;  or,  better  still,  an  anastomosis  of  the  ileum  with 
the  lower  loop  of  the  sigmoid  flexure,  after  the  rectum  has  been  cleared  of  the 
adenomata.  If  malignant  transformation  has  taken  place  in  the  tumors,  then 
excision  of  the  entire  affected  portion  of  the  bowel  may  be  resorted  to.  In 
the  noted  case  of  Lilienthal  the  entire  colon  down  to  the  lower  portion  of  the 
sigmoid  was  successfully  removed,  and  the  patient  made  a  good  recovery. 

Papilloma:  Villous  Tumor. — A  papilloma  consists  of  a  lobulated,  spongy 
mass  of  elongated  and  hypertrophied  villi,  which  may  either  be  aggregated 
into  a  tumor-like  mass,  or  arranged  as  a  fringe 
around  a  part  or  the  whole  of  the  circumference 
of  the  rectum. 

Papillomata  arise  from  the  mucous  membrane 
and  from  the  submucous  connective  tissue  of 
the  rectum,  and,  although  they  are  said  to  arise 
high  up  in  the  rectum,  yet,  of  the  three  cases 
seen  by  Earle,  all  were  close  to  the  anal  margin, 
and  one  formed  a  fringe  which  extended  over 
four-fifths  of  the  circumference  of  the  rectum, 
just  within  the  internal  sphincter.  These  gro\^iihs 
may  drag  down  the  mucous  membrane  and  thus 
give  to  the  tumor  the  appearance  of  being  pedun- 
culated, notwithstanding  the  fact  that,  in  nearly 
all  cases,  it  is  attached  by  a  broad  base.  (Figs. 
369  and  370.)  These  tumors,  which  are  red  in 
appearance,  soft,  and  velvety  to  the  touch,  vary 
in  size  from  that  of  a  pea  to  that  of  a  small  egg. 
Usually  they  do  not  have  a  spherical  shape,  but 
are  simply  raised  a  little  above  the  surface  of 
the  mucous  membrane,  with  the  villi  projecting 
free  into  the  lumen  of  the  bowel. 

As  shown  by  the  schematic  cut  taken  from 
Quenu  and  Hartmann,  these  tumors  sometimes  assume  a  pedunculated  form. 

The  etiology  of  these  growths  is  not  understood. 

The  most  constant  and  prominent  symptom  is  the  abundant  discharge  of 
clear,  glairy  nuicus.  Hemorrhages  from  the  bowel  vary  considerably  as  re- 
gards both  frequency  of  their  occurrence  and  the  amount  of  blood  lost.  Some- 
times the  latter  amount  is  excessive.  "WTien  these  gro\rths  are  attached  low 
dowm,  they  generally  protrude  during  defecation,  and,  even  though  they  may 
be  of  medium  size,  it  may  be  found  necessar}'  to  return  them.  It  is  when  they 
are  down  that  they  are  likely  to  bleed  profusely,  and,  in  addition,  there  is  likely 
to  be  a  feeling  of  weight  about  the  perinemii  and  sacral  region. 

One  characteristic  feature  T\'hich  cUstinguishes  simple  papillomas  from  cy- 
lindrical epitheliomas,  is  the  absolute  absence  of  induration  at  the  base  of  the 
gro\\i;h  or  at  the  point  where  it  springs  from  the  rectal  w^all.  (Quenu  and 
Landel.)     The  chief  characteristics  of  these  growths  are  their  soft,  villous  sur- 


FiG.  370. — Papilloma  of  the  Rec- 
tmn;  View  of  the  Base  of  the  Tu- 
mor after  Its  Rem.oval.      (Earle  and 

Tuttle.) 
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face,  rather  broad  pedicle,  and  the  large  amount  of  clear  mucus  which  is  gen- 
erally discharged  from  the  rectum.  They  resemble  very  closely  adeno-car- 
cinomas  of  the  rectum. 

Allingham  claims  that  rectal  papillomata  recur  as  carcinomas  after  their 
removal,  and  Quenu  and  Landel  claim  that  they  have  observed  the  transfor- 
mation of  one  of  these  tumors  into  a  malignant  neoplasm,  without  its  having 
been  operated  upon. 

Prompt  and  thorough  removal  is  the  only  proper  treatment  for  these  tumors. 
The  pedicle  should  be  transfixed,  close  to  its  base,  with  a  needle  that  is  armed 
with  a  double  ligature;  the  ligature  should  then  be  tied  on  both  sides  and  the 
tumor  cut  off;  or,  if  the  pedicle  is  so  large  that  it  cannot  be  ligated,  the  tumor 
should  be  removed  and  the  edges  of  the  wound  drawn  together  with  catgut 
sutures.  In  cases  in  which  the  tumor  has  become  malignant,  resection  of  the 
bowel  may  be  called  for,  or  it  may  be  necessary  to  adopt  such  other  measures 
as  will  be  considered  under  the  head  of  Malignant  Tumors. 

Polypus. — This  term  is  applied  to  any  growth  that  is  attached  to  the  sur- 
face of  the  rectum  by  a  pedicle  which  is  narrower  than  the  tumor  itself. 

While  polypi  may  be  found  throughout  the  intestinal  canal,  they  are  en- 
countered much  more  frequently  in  the  rectum.  They  occur  generalh^  as  isolated 
growths;   yet,  in  adults,  it  is  not  unusual  to  find  several  in  the  same  subject. 

The  tumors  which  most  frequently  take  on  this  polypoid  form  are,  accord- 
ing to  their  histological  classification,  hypertrophied  solitary  follicles,  ade- 
nomata, fibromata,  and  lipomata.  The  most  common  form,  especially  in 
children,  is  the  soft,  mucous  variety,  which  probably  originates  in  an  inflamed 
solitary  folhcle.  The  appearance,  form,  and  density  of  polypi  depend  upon 
the  type  of  tumor  to  which  each  belongs,  and  these  characteristics  have  been 
given  specifically  under  the  description  of  each. 

Treatment  consists  in  the  removal  by  snare,  torsion,  or  excision  after  pre- 
vious ligation. 

Cystoma. — As  the  name  implies,  cystomata  are  encysted  tumors,  such  as 
simple  dermoid  and  hydatid  cysts. 

One  rarety  sees  a  cystic  tumor  of  any  kind  growing  from  the  walls  of  the 
rectum,  although  dermoids  are  not  infrequently  found  embedded  in  the  tissues 
of  the  recto- vaginal  septum  or  of  the  retro-rectal  space;  and  sometimes  one 
of  them  breaks  through  the  rectal  wall  and  appears  on  the  free  surface  of  the 
mucous  membrane  as  a  pedunculated  tumor,  the  pedicle  being  attached  to  the 
tissues  in  one  of  these  spaces. 

Extra-rectal  Dermoids. — As  stated  above,  dermoids  may  occur  in  either 
the  anterior  or  the  posterior  rectal  space  and  also  just  beneath  the  skin,  be- 
tween the  anus  and  the  sacrum,  in  which  locality  one  of  us  has  found  them 
most  frequently;  nor  are  they  as  rare  in  any  of  these  localities  as  in  the 
rectal  wall.  These  dermoids  are  similar  to  those  which  occur  elsewhere  in 
the  body.  They  should  be  removed  by  dissection,  under  the  most  careful  anti- 
septic precautions. 
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Postanal  Dimples. — Postanal  dimples  occur  chiefly  over  the  region  of  the 
sacrum,  coccyx,  and  posterior  margin  of  the  anus,  and  are  said  to  be  caused 
by  imperfect  union  between  the  two  lateral  halves  of  the  fatal  body.  They 
occur  as  slight,  fissure-like,  or  cylinder-like  depressions  in  the  skin,  varying 
in  depth  from  several  inches  to  a  mere  dimple.  These  should  be  distinguished 
from  the  sinuses  which  occur  in  this  region  as  a  result  of  obstructed  sebaceous 
follicles.  Broken-off  hairs  often  work  their  w^ay  into  these  dimples  and  look 
as  if  they  were  actually  growing  therein.  They  cause  inflammation  and  ab- 
scesses, which  latter  may  be  taken  for  fistulse  or  perirectal  abscesses. 

If  the  dimple  is  deep,  and  if  it  has  J^ecome  irritated  it  may  be  well  to  dis- 
sect it  out  and  suture  the  edges  of  the  wound  together;  but,  if  it  is  giving  no 
trouble,  it  is  best  to  let  it  alone  and  impress  the  patient  with  the  importance 
of  keeping  the  parts  thoroughly  clean  and  free  from  all  collections  of  irritating 
substances. 

Angeioma. — An  angeioma,  which  is  a  tumor  consisting  of  dilated  venous 
capillaries  of  the  su]:)mucosa,  is,  as  a  rule,  congenital,  and  is  very  rarely  en- 
countered in  the  rectum.  If  it  is  situated  low  down,  it  may  be  excised,  or,  if 
high  up,  it  may  be  treated  by  electrolysis. 

Verruca. — Under  the  heading  of  verrucse  are  included  the  warts  and  vege- 
tations which  are  generally  found  around  the  anus  in  stout  people.  Aside  from 
the  type  known  as  condylomata  lata,  which  have  heretofore  been  described 
under  the  head  of  specific  ulcerations,  these  small  tumors  are  in  no  sense  spe- 
cific.    They  represent  a  simple  hypertrophy  of  the  papillary  layer  of  the  skm. 

Treatment  consists  in  chpping  them  off  with  scissors  and  controlling  the 
bleeding  by  hot  compresses.  After  this  has  been  accompHshed  the  parts  should 
be  kept  dressed  with  some  such  powder  as  stearate  of  zinc  or  corn  starch. 

Hypertrophied  Anal  Papillae. — While  hypertrophied  anal  papillae  can 
scarcely  be  called  neoplasms,  as  they  are  only  excessive  growths  of  normal 
tissues,  yet  this  section  seems  to  be  the  proper  place  in  which  to  consider  them. 

These  papillte  are  normally  located  upon  the  borders  of  the  semilunar 
valves,  and  any  one  or  more  of  them  may  become  verv  much  increased  in  size 
and  length.  In  their  normal  state  they  are  endowed  with  acute  sensitiveness, 
and  this  sensitiveness  is  much  increased  when  they  are  hypertrophied.  Even 
in  this  condition  they  do  not  give  rise  to  actual  pain,  but  they  cause  consider- 
able uneasiness  and  distress  by  exciting  spasm  of  the  sphincter  and  especially 
pruritus  ani. 

They  look  like  little  white  teats  which  can  be  seen  either  by  dragging  down 
the  anal  canal  or  by  employing  a  speculum. 

If  the  presence  of  these  papillse  is  attended  with  hypertrophy  of  the  sphinc- 
ter, it  would  be  better  to  use  either  a  general  or  a  local  anaesthetic,  and  then, 
after  dilating  the  sphincter,  to  snip  off  the  growths.  If  the  sphincter  does  not 
require  dilating,  then  the  papillae  may  be  snipped  off  with  the  scissors,  without 
an  anaesthetic.  The  bleeding  from  them  would  not  be  suflficient  to  require  any 
t/eatment. 
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XIV.   MALIGNANT  TUMORS. 

General  Reivl\rks. — Malignant  tumors  were  referred  to  at  the  beginning 
of  the  pre^dous  section  as  including  tj^pes  in  which  the  cellular  elements  are 
irregularly  arranged,  grow^  outside  of  their  normal  sites,  and  are  imperfectly 
developed. 

Instead  of  the  classification  that  was  adopted  for  benign  tumors,  where 
each  tissue  involved  had  its  representative  tumor,  we  shall  employ,  for  malig- 
nant tumors  of  the  rectum,  one  in  w^hich  are  included  only  carcinoma  (a  tumor 
of  the  epithelial  type)  and  sarcoma  (a  tumor  of  the  connective-tissue  type). 

Carcinoma. — From  recent  statistics  it  is  estimated  that,  of  the  total  num- 
ber of  cancers,  about  6.2  per  cent  occur  in  the  rectum  and  sigmoid.  The  site 
in  which  a  rectal  or  sigmoidal  cancer  occurs  most  frecjuently,  is  the  supra- 
peritoneal portion  of  the  bowel,  in  which  locality  it  occurred  in  67  per  cent  of 
the  cases,  and  in  all  but  7  per  cent  of  these  the  recto-sigmoidal  juncture 
was  involved  at  the  same  time.  These  facts  have  a  very  important  bearing, 
for  they  show  that  a  large  proportion  of  cancers  of  the  rectmii  carmot  be 
extirpated  without  opening  the  peritoneal  cavity. 

Etiology. — The  etiology  of  these  cancers  is  not  known. 

The  influence  of  heredity  has  not  been  proven,  although  some  authorities 
claim  that  heredity  has  played  a  part  in  as  many  as  12.5  per  cent  of  their  cases. 
The  disease  occurs  most  frequently  in  the  rectum  in  the  middle  or  the  later 
period  of  life,  although  Tuttle  has  collected  seven  cases  in  which  the  patient 
was  under  twenty  years  of  age.  Cancer  of  the  rectum  is  more  frequent  in  men 
than  in  women. 

Four  elementary  types  of  cancer  are  found  in  the  anus,  rectum,  and  sig- 
moid, viz.,  epitheliomas,  adenocarcinomas,  medullary  and  scirrhous  can- 
cers. All  of  these  are  subject  to  various  changes,  which  alter  their  cHnical, 
microscopic,  and  histological  features  to  such  an  extent  that  the  modified 
growth  is  often  described  as  a  separate  and  distinct  type.  We  shall  ignore 
these  and  confine  ourselves  to  the  simple  types  enumerated  above. 

The  essential  elements  in  all  carcinomas  are  the  epithelial  cells  and  the 
stroma,  the  former  resting  in  alveoli  which  are  formed  by  the  latter.  The  dif- 
ferent varieties  are  distinguished  by  the  character  of  the  cells  and  the  amount 
of  the  stroma.  The  epithelial  cells  are  of  the  embryonic  type,  and  are  of  every 
shape  and  form;  their  nuclei  may  be  single  or  multiple  and  they  contain  prom- 
inent nucleoli.  The  character  of  the  epithelium  is  usually  that  found  in  the 
tissue  in  which  the  carcinoma  develops;  the  shape  of  the  individual  cell,  how- 
ever, is  governed  largely  by  the  pressure  to  which  it  is  exposed.  The  cells  in 
a  carcinoma  invade  the  lymph  spaces  and  distend  them,  thus  forming  alveoli, 
but  they  do  not  attach  themselves  to  the  fibrous  walls.  This  fact  accounts  for 
the  spread  of  the  disease  along  the  lymph  channels.  The  blood-vessels  and 
nerves  ramify  in  the  stroma,  but  they  do  not  extend  into  the  alveoli;  hence 
the  disease  seldom  follows  these  tracts. 
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Epithelioma. — The  term  epithelioma  will  be  limited,  in  this  article,  to  the 
squamous  variety,  which  occurs  at  the  mucocutaneous  margin  of  the  anus. 
Histologically,  the  growth  is  characterized  by  the  presence  of  cuboidal  or  flat 
epithelial  cells  arranged  in  concentric  layers. 

An  epitheli(nna  begins  as  a  hard  nodule  in  the  skin  or  just  beneath  it,  and 
it  possesses  an  indurated  base.  The  skin  over  the  nodule  is  not  movable. 
The  tumor  finally  breaks  down  on  the  surface  and  ulcerates.  This  ulcer  has  a 
tendency  to  scab  over,  and,  each  time  the  scab  drops  off,  the  ulcer  is  found  to 
have  increased  in  circumference.  The  growth  gradually  tends  to  surround  the 
anus  and  to  involve  the  skin  of  the  perineum  and  sacrum.  It  may,  or  may 
not,  be  painful.  An  epithelioma  is  distinguished  from  a  rodent  or  a  tubercu- 
lous ulcer  by  its  nodular,  indurated,  and  elevated  base. 

Malignant  Adenoma;  Adeno-carcinoma.—A  mahgnant  adenoma  consists  of 
tubules  of  irregular  form,  arranged  in  convolutions  and  lined  by  cylindrical  or 
columnar  epithelium,  similar  to  that  which  lines  Lieberkiihn's  folHcles.  The 
tubules  are  separated  by  a  stroma  of  fibrous  or  myxomatous  tissue. 

Clinically,  these  tumors  are  comparatively  soft,  elevated,  lobular  masses. 
They  may  protrude  into  the  rectum  to  such  an  extent  as  to  obstruct  its  calibre, 
and  are  attended  with  an  abundant  discharge  of  mucus  and  blood.  As  a  rule, 
they  are  followed  by  early  metastasis  (more  commonly  to  the  liver),  and  the 
secondary  nodules  possess  the  characteristics  of  the  primary  growl^h.  Not  only 
may  the  columnar  cells  of  the  rectimi  be  identified  in  the  secondary  growths 
in  the  liver,  but  they  actually  develop  in  this  new  locality  into  gland  tissue 
that  is  identical  with  Lieberkiihn's  follicles  of  the  rectum.  f-^ 

Medullary  Cancer. — Medullary  cancer  consists  of  a  soft,  pulp-like  growth 
composed  of  large  irregular  epithelial  cells  which  are  coarsely  granular  and 
multinucleated.  The  stroma  is  scanty,  fibrous  in  character,  and  filled  with 
infiammatoiy  corpuscles.  The  epithelimii  is  arranged  in  an  irregular  manner, 
sometimes  in  nests  or  alveoli,  which  are  large.  The  stroma  is  abundantly  sup- 
plied with  blood-vessels.  Of  all  the  foniis  of  rectal  cancer  this  is  the  most 
malignant. 

Clinically,  a  medullary  cancer  occurs  as  a  soft,  nodular,  ulcerating  mass, 
upon  a  dense  fibrous  base.  It  growls  rapidly  and  soon  involves  the  neighbor- 
ing organs.  Involvement  of  the  lymph  nodes  occurs  earlier  than  in  other  forms 
of  cancer,  although  remote  metastasis  is  not  so  frequent,  owing  to  the  fact  that 
a  fatal  result  is  likely  to  take  place  before  this  occurs. 

Scirrhous  Cancer. — Scirrhous  cancer  is  composed  of  a  dense,  fibrous  stroma, 
with  a  series  of  alveoli  which  contain  atrophied  or  degenerated  epithelial  cells. 
This  type  of  cancer  is  the  least  frequent  and  the  slowest-growing  of  all  cancers 
of  the  rectum. 

Clinically,  a  scirrhous  cancer  appears  as  a  gradually  contracting  stricture 
of  the  rectimi.  It  is  attended  with  little  if  any  pain  and  only  slight  discharge; 
hemorrhage  does  not  occur. 

L^nless  the  tumor  undergoes  a  transformation  in  type,  death  is  most  likely 
to  occur  through  intestinal  obstruction. 
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Colloid  Carcinoma.— Colloid  carcinoma  is  merely  a  degenerative  change 
which  may  take  place  in  an}^  one  of  the  four  types  which  we  have  just  described. 
In  a  similar  manner,  any  one  of  them  may  take  on  a  myxomatous,  mucous,  or 
cystic  degeneration. 

Symptoms. — The  symptoms  depend  upon  the  type  of  the  tumor,  its  site  in 
the  rectum,  and  the  stage  of  the  disease,  but,  generally  speaking,  it  is  a  matter 
of  surprise,  in  all  forms  of  cancer  of  the  rectum,  if  located  above  the  internal 
sphincter,  how  few  and  how  faintly  pronounced  are  the  symptoms,  even  after 
the  disease  has  advanced  to  considerable  proportions.     This  fact  seems  to  be 


Fig.  371. — Drawing  Illustrates  a  Case  of  Adeno-Carcinoma  of  the  Rectum.     (Earlo  and  Tuttle.) 


one  of  the  chief  reasons  why  so  many  cases  of  cancer  of  the  rectum  do  not  reach 
the  surgeon  until  they  are  inoperable,  and  it  emphasizes  the  necessity  for  the 
family  physician  to  make  a  digital  examination  of  the  rectum  as  soon  as  his 
attention  is  called  to  such  vague  symptoms  as  a  sense  of  weight  and  discom- 
fort in  the  region  of  the  sacrum  or  around  the  pelvis ;  the  existence  of  constipa- 
tion alternating  with  diarrha^a;  the  occurrence  of  discharges  of  mucus  tinged 
or  not  \\ath  blood ;  the  recurrence  of  bleeding  on  defecation,  and  especially  the 
presence  of  dark  blood  in  the  stools;  the  patient's  gradual  loss  of  strength; 
and  the  existence  of  pain,  at    first  vague,  but  afterward   more  pronounced. 
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Even  by  the  time  these  symptoms  attract  the  attention  of  the  patient  and 
physician,  the  disease  is  probably  well  developed,  and  it  is  impossible  to  say 
when  it  began.  The  lower  three  or  four  inches  of  the  rectum  should  frret  be 
thoroughly  examined  with  the  finger  for  the  presence  of  any  growths  or  in- 
durations. Then  afteiivard,  vv'ith  the  pneumatic  proctoscope  or  the  sigmoid- 
oscope, the  upper  part  of  the  rectum  and  the  sigmoid  shoidd  be  thoroughly 
examined,  and.  if  any  growths  at  all  are  found,  pieces  of  them  should  be 
pinched  off  with  specimen  forceps  and  examined  microscopically,  so  that, 
at  the  earhest  possible  moment,  the  presence  of  a  malignant  growth  may  be 
recognized.  As  the  disease  advances,  in  the  case  of  an  adenoid  or  a  medullary 
type  of  carcinoma,  the  most  pronounced  symptom  consists  of  frequent  calls  to 
stool,  which  result  in  small  discharges  of  gas,  mucus,  and  blood,  associated  with 
an  amioying  tenesmus,  which  is  not  relieved  by  the  stool  or  is  relieved  for  only  a 
short  while.  Pain,  in  these  cases,  is  Hkely  to  be  marked,  although  it  is  often 
vague,  shooting  through  the  pehis  or  cIowti  the  extremities.  It  is  much  more 
pronoimced  when  the  sphincters  are  involved  than  when  the  growth  is  located 
high  up  in  the  rectum. 

Constitutional  symptoms,  such  as  loss  of  weight,  anaemia,  and  increasing 
sallowness  of  the  skin,  begin  to  manifest  themselves  at  a  comparatively  late 
stage.  Local  examination  at  this  stage  reveals  a  variety  of  conditions — some- 
times there  is  a  smooth,  hard,  lobulated  mass  involving  the  entire  circimifer- 
ence  of  the  rectum ;  at  other  times  a  similar  mass  is  found,  but  it  involves  only 
a  limited  portion  of  the  bowel;  then  again  there  may  be  a  proliferating  cauli- 
flower-like growth  vFig.  371) ;  and.  finally,  there  may  be  no  protrusion  into  the 
bowel,  but  a  distinct  narrowing  of  its  calibre  by  an  induration  which  extends 
partially  or  completely  aroimd  the  bowel,  with  a  deep,  excavating  ulcer  in  its 
centre.  These  conchtions,  especially  in  the  medidlaiy  type,  are  associated  with 
a  fetid,  gangrenous,  and  disgusting  odor. 

In  the  third  or  degenerative  stage  the  s}T;iiptoms  mentioned  above  are  aU 
more  marked.  Absolute  obstruction  of  the  intestine  rarely  if  ever  results  from 
carcinoma  of  the  rectmn  itself,  which  is  probably  due  to  .the  fact  that  the  types 
of  cancer  which  occur  most  frecjuently  in  the  rectmn  (adenoid  and  medullary) 
are  soft  and  usually  imdergo  ulceration,  especially  at  their  most  dependent 
portions,  thus  keeping  the  calibre  of  the  bowel  open.  On  the  other  hand,  such 
an  occurrence  is  alw^ays  likely  to  take  place  in  carcinoma  of  the  sigmoid,  be- 
cause the  type  of  tumor  likely  to  develop  here  is  the  scirrhous,  which  has 
little  tendency  to  ulcerate,  and  also  because  the  calibre  of  the  sigmoid  is  not  as 
large  as  that  of  the  rectum. 

Above  and  below  the  carcinoma,  the  wall  of  the  intestine  is  inflamed,  often 
ulcerated,  and  very  thin.  This  is  more  marked  above  the  growi;h,  and  it  is 
here  that  perforation  or  nipture  is  likely  to  take  place.  Inflammatory^  conch- 
tions around  the  growth,  and  between  the  rectum  and  adjoining  organs,  are 
frecjuently  met  with,  nor  need  this  inflammatory  attachment  imply  that  the 
attached  organs  have  become  involved  in  the  malignant  growth. 

Carcinoma  of  the  rectum  extends  by  continuity,  through  the  hmiphatics, 
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and  possibly  also  through  the  blood  channels.  Dr.  W.  S.  Halsted  (Trans. 
American  Surgical  Association,  1907),  in  speaking  of  the  dissemination  of 
carcinoma  of  the  breast,  ciuotes  from  Handley  on  "Cancer  of  the  Breast  and 
its  Operative  Treatment"  (London,  1907;  W.  Sampson)  as  follows:  "In  show- 
ing that  cancer  cells  in  the  blood  excite  thrombosis,  and  that  the  thrombus 
as  it  organizes  usually  destroys  or  renders  them  harmless,  Goldman  and  Schmidt 
seem  to  have  established  a  fact  of  primar}^  importance,  and  one  which  is  strongly 
opposed  to  the  embohc  theory  as  applied  to  carcinoma."  ^Ye  would  there- 
fore infer  that  in  most  eases  of  rectal  cancer  extension  takes  place  unquestion- 
ably by  one  or  both  of  the  first  two  methods,  while  its  extension  by  way  of  the 
blood  channels  is  questionable.  We  see  an  excellent  illustration  of  its  exten- 
sion by  the  lymphatics  in  cases  of  carcinoma  of  the  anus  where  it  travels  in 
the  line  of  the  inguinal  lymphatics,  which  are  in  the  same  fascial  plane.  ]\Ie- 
tastatic  deposits,  or  a  generalization  of  the  cancer,  may  occur  from  either  the 
primary  or  the  contiguous  secondary  deposits.  The  rule,  however,  is  that  the 
liver  is  the  organ  that  is  generally  affected.  AATiether  this  occurs  through  the 
blood-vessels  or  through  the  lymphatics  is  not  positively  known. 

Dligxosis. — The  only  conditions  with  which  carcinoma  of  the  rectum  and 
sigmoid  is  likely  to  be  confounded  are  multiple  adenomata,  papilloma,  sarcoma, 
proliferating  proctitis,  and  fibrous  stricture.  As  the  first  two  are  likely  to  take 
on  malignant  degeneration,  or,  when  removed,  to  recur  in  the  form  of  carci- 
noma, it  would  be  wise  to  treat  them  as  such  in  the  beginning,  although,  on 
account  of  the  prognosis,  it  would  be  better  to  differentiate  between  them. 
Where  the  benign  is  undergoing  transfonnation  into  the  malignant  type,  noth- 
ing less  than  complete  extirpation  and  thorough  examination  of  the  entire 
gro^i^h  will  enable  one  to  distinguish  one  from  the  other.  The  most  prominent 
portion  of  these  growths  is  the  part  which  is  most  hkely  to  be  benign,  while 
the  deeper  portions  are  most  often  malignant. 

The  diagnosis  between  carcinoma  and  proliferating  proctitis  is  not  difficult, 
as  in  the  latter  disease  there  is  generally  a  history  of  syphilis,  and  the  diseased 
condition  is  uniformly  distributed  throughout  the  rectum.  Furtheraiore,  in 
cancer,  the  granulations  are  soft  to  the  touch  and  without  induration. 

■  Between  scirrhous  cancer  and  fibrous  stricture  it  is  almost  impossible  to 
differentiate,  except  by  completely  excising  the  mass  and  subjecting  portions 
of  it  to  a  microscopic  examination.  The  foraier  disease  is  rare  in  the  rectum, 
and  the  latter  in  the  sigmoid.  Scirrhus  is  generally  nodular,  whereas  in  fibrous 
stricture  the  surface  is  likely  to  be  smooth. 

Epithelioma  of  the  anus  may  be  mistaken  for  condylomata,  and,  whore  the 
epithelioma  develops  on  a  prolapsing  hemorrhoid,  it  ma}^  be  difficult  to  dis- 
tinguish it  from  the  granular  condition  which  the  hemorrhoid  sometimes  pre- 
sents ;  and,  besides,  as  Quenu  and  Hartmann  have  pointed  out,  one  should  bear 
in  mind  the  resemblance  between  these  neoplasms  and  the  condition  produced 
by  actinomycosis.  In  all  of  these  conditions  invohdng  the  anal  orifice  a  posi- 
tive diagnosis  may  be  made  b}^  a  microscopic  examination  of  a  cHpping  of  the 
suspected  lesion.    AVhere  the  malignant  gro^\i:h  is  located  high  up  in  the  sig- 
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moid,  an  exploratory  laparotomy  may  with  perfect  propriety  be  done,  both 
for  the  purpose  of  making  a  positive  diagnosis  and  for  that  of  ascertaining  the 
extent  of  the  troiilile.  "\Mien  such  an  exploratory  laparotomy  is  done,  the 
operator  should  be  prepared  to  do  whatever  may  be  necessary,  in  the  way  of  a 
radical  extirpation. 

Sarcoma. — In  the  rectum,  as  in  other  parts  of  the  body,  sarcomata  arise 
from  the  connective  tissue,  and  belong  to  the  group  of  atypical  tumors;  which 
means  that  they  do  not  agree,  either  in  structure  or  in  the  character  and  ar- 
rangement of  the  cells,  \^'ith  any  of  the  tissues  of  the  adult  body.  Sarcoma 
holds  the  same  relation  to  the  connective  tissue  that  carcinoma  holds  to  the 
epithelial  tissue.  The  sarcoma  shows  its  departure  from  the  regular  type  of 
connective  tissue  by  the  abundance  of  its  cellular  elements,  and  the  carcinoma 
shows  its  departure  from  the  regular  type  of  epithelial  tissue  by  the  number 
and  arrangement  of  its  cells.  The  characteristic  difference  between  sarcoma 
and  the  other  connective-tissue  tumors,  is  to  be  found  in  the  fact  that  the  con- 
nective tissue  which  forms  the  t^^pe  of  the  sarcoma  is  represented,  not  by  the 
adult,  but  by  the  em]:)ryonic  form  of  this  tissue.  The  different  varieties  of  sar- 
coma may  be  said,  in  a  general  way,  to  represent  the  different  phases  which  the 
embr3'onic  connective  tissue  passes  through  in  the  course  of  its  development, 
and  the  classification  of  the  different  varieties  of  sarcoma  is  based  principally 
on  the  character  of  the  cells. 

Sarcomas  of  the  rectum  occur  as  irregular  deposits  beneath  the  mucous 
membrane,  which,  in  the  early  stages,  is  movable  over  the  gro\^i:h.  As  regards 
their  shape,  these  tmiiors  are  round  or  elliptical,  and  their  surface  is  rough  and 
unequal.  At  first,  they  appear  as  slightly  elevated  protrusions,  then  as  sessile 
tmiiors,  and  still  later  thej^  may  become  polypoid  in  shape.  Sometimes  thej^ 
appear  as  a  general  fibrous  thickening  of  the  wall  of  the  bowel,  and  in  this  way 
they  may  be  mistaken  for  a  simple  inflammatory  stricture.  Subsecjuently  the 
mucous  surface  of  the  tumor  breaks  clown  and  ulcerates.  Sarcomas  may  ap- 
pear singly  or  there  may  be  several  of  them.  AATiile  those  which  involve  the 
rectum  are  comparatively  hard,  they  are  not  as  dense  as  scirrhous  cancers. 
As  regards  their  color,  the}"  may  var}^  from  the  normal  color  of  the  mucous 
membrane  to  a  dark-red  or  a  dark-gray;  and  when  the  growi:h  is  of  the  mela- 
notic variety,  it  may  appear  as  a  black  gangrenous  mass. 

A  sarcoma  may  appear  in  any  part  of  the  rectum,  and  it  generall}^  termi- 
nates fatally  much  sooner  than  does  a  carcinoma.  The  lymph  nodes,  in  many 
cases,  but  not  in  all,  become  enlarged  early  in  the  disease. 

^tletastasis  is  one  of  the  chief  characteristics  of  sarcomata  of  the  rectum. 
The  blood-vessels  are  very  numerous  and  are  usually  in  direct  contact  with 
the  cells  themselves. 

Sarcomas  of  the  intestine  develop  from  the  submucosa. 

Etiology. — The  etiology  is  unknown. 

Symptoms.— The  s^miptoms  of  sarcoma  of  the  rectum  are  at  first  very 
vague.  Sometimes  there  may  be  bleeding  and  a  discharge  of  mucus,  but  the 
latter  symptom  is  not  so  marked  as  it  is  in  the  case  of  an  epithelial  tumor. 
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^Miere  the  growth  is  of  the  melanotic  variety  it  may  l^e  mistaken  for  a  gan- 
grenous hemorrhoid.  The  amount  of  pain  depends  upon  the  location  of  the 
grovk-th;  and  when  the  disease  involves  the  sphincter  the  pain  will  be  excessive. 

Prognosis. — ITie  prognosis  is  very  grave,  as  the  disease  tends  toward  a 
widespread  metastasis  and  a  rapidly  fatal  termination.  Few  patients  survive 
more  than  one  year  after  the  operation.  Earle  has  under  observation  two 
individuals  from  each  of  whom  he  removed,  by  complete  extirpation,  a  spin- 
dle-cell sarcoma  of  the  rectum.  In  one  of  these  cases  it  is  now  nine  years, 
and  in  the  other  sixteen  years,  since  the  removal  of  the  tumor  was  effected, 
and  both  of  the  individuals,  so  far  as  can  be  ascertained,  are  entirely  free  from 
any  evidences  of  a  recurrence.  "^ATiile  other  similarly  favorable  reports  have 
been  published,  it  does  not  appear  that  in  any  one  of  these  in.stances  w^as  the 
period  of  freedom  from  recurrence  longer  than  in  one  of  the  two  cases  to  which 
I  have  just  made  reference. 

Treat:mext. — The  treatment  of  malignant  neoplasms  (carcinoma  and  sar- 
coma) of  the  rectum  is  both  radical  and  palliative.  Treatment  of  the  latter 
kind,  however,  is  to  be  advdsed  only  after  the  disease  has  advanced  beyond 
the  state  in  which  a  radical  operation  can  be  hopefully  performed.  It  will 
therefore  be  considered  last,  lest  some,  if  they  should  read  the  description  of 
the  palliative  plan  first,  might  be  tempted  to  try  it  at  a  time  when  there  is  yet 
hope  for  a  radical  cure. 

In  the  classes  of  rectal  tumors  denominated  "benign"  there  has  never  been 
any  cjuestion  as  to  the  advisability  of  their  removal,  but  in  those  called  "ma- 
lignant" some  have  questioned  the  benefit  derived  from  a  radical  operation, 
on  account  of  its  high  mortality  and  of  the  frequent  recurrences.  Extensive 
and  recent  statistics,  however,  show  that  in  the  hands  of  experienced  opera- 
tors the  immediate  mortalitj^  is  steadily  decreasing,  and  that  the  average 
period  of  life  after  operation  is  increasing.  Our  own  statistics  pubhshed  in 
1902  showed  an  immediate  mortality  of  18.7  per  cent,  while  the  cases  operated 
upon  since  then  show  a  mortality  of  only  10.8  per  cent — a  total  mortality  of 
13.8  per  cent  in  108  cases. 

As  to  the  peraaanency  of  the  cure  (or  the  prolongation  of  hfe  from  that  time 
onw^ard),  three  full  years  of  freedom  from  the  disease  being  taken  as  evidence  of 
a  cure,  Kocher,  of  Berne,  presented  the  highest  percentage  of  successes — 28.5 
per  cent  of  his  patients  having  lived  bey^ond  the  allotted  period.  His  recent 
statistics  collected  by  DuPan  show^  a  number  of  cures  based  upon  the  same 
figures.  The  writer  has  recently  reported  the  histories  of  one  hundred  cases, 
in  forty-one  per  cent  of  which  the  patients  had  lived  over  three  years,  the  aver- 
age length  of  hfe  of  these  patients  (since  the  operation)  being,  up  to  the  present 
time,  over  six  years.  These  statistics  are  in  keeping  with  the  results  obtained 
by  experienced  operators  all  over  the  world,  and  they  offer  encouragement  to 
those  suffering  from  malignant  disease  of  the  rectum. 

Inasmuch  as  the  x-ray,  radium,  serimi  therapy,  and  all  other  methods  of 
treatment  have  failed  in  these  cases,  surgery  is  the  only  resort,  and — so  far 
as  one  may  judge  from  the  statistics  given  above — it  offers  results  which  shouJd 
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appear  gratifying  to  tlio^^e  for  whom  there  is  no  oth(!r  hope  of  hfe  or  comfort. 
Assuming  then  that  radical  removal  is  the  proj^er  treatment  in  all  suitable 
cases,  we  maj''  proceed  to  study  what  are  the  indications  and  contraindications 
for  operation  in  malignant  tumors  of  the  rectimi. 

The  main  indications  for  operation  are  the  existence  of  the  tumor  and  a 
consciousness,  on  the  part  of  the  surgeon,  of  his  ability  to  remove  it  without 
an  excessive  fatality.  If  the  patient  is  in  good  physical  condition,  if  his  heart, 
lungs,  liver,  and  kidneys  are  free  from  disease,  neither  the  site,  the  size  or  the 
character  of  the  tumor,  nor  the  extent  of  the  bowel  involved,  should  cause  one 
to  deny,  to  sufferers  from  these  diseases,  the  possible  benefits  to  be  derived 
from  surgery. 

The  contraindications  to  extirpation  are:  immobility  of  the  tumor;  in- 
volvement of  other  organs,  especially  the  bladder,  liver,  or  bony  frame  of  the 
pelvis;  enlargement  of  remote  lymph  nodes;  the  presence  of  nodules  in  the 
skin;  any  evidence  of  general  carcinosis;  advanced  lung,  heart,  or  kidney  dis- 
ease; or  any  condition  producing  feeble  and  rapid  pulse  and  a  low  power  of 
resistance. 

The  type  of  tumor  should  always  be  considered  when  one  is  weighing  the 
advisability  of  extirpation.  Medullary  cancer  and  squamous  epithelioma  are 
more  unfavorable  than  scirrhus  and  simple  adeno-carcinoma.  Just  how  far 
these  contraindications  should  control  us  can  be  told  only  by  wide  experience 
and  good  judgment  of  all  the  conditions  in  each  individual  case.  Some  of  the 
best  results  from  operation  are  often  obtained  from  what  seem  to  be  the  most 
hopeless  cases.  Immobility  of  the  tumor,  for  instance,  is  generally  considered 
to  be  the  most  positive  contraindication  to  operation,  and  yet,  this  may  be 
caused  by  simple  inflammatory  adhesions  to  other  organs.  The  writer  has 
operated  upon  at  least  ten  patients  in  whom  the  tumor  was  practically  im- 
movable, owing  to  attachments  to  the  prostate  or  sacrum,  and  in  these  cases 
he  has  obtained  excellent  results.  Attachments  to  the  prostate,  the  seminal 
vesicles,  and  even  the  uterus,  though  undesirable  complications,  are  no  longer 
considered,  by  the  most  experienced  operators,  as  precluding  extirpation. 
Involvement  of  the  vaginal  wall  would  not  at  first  sight  appear  a  serious  com- 
plication, but  experience  teaches  us  that,  where  it  has  occurred,  the  probabili- 
ties of  a  permanent  cure  are  very  remote. 

The  site  of  the  tumor  may  be  considered  a  contraindication  or  not,  accord- 
ing to  the  judgment  of  the  surgeon.  It  may  be  stated  as  an  axiom  that  the 
nearer  the  tumor  is  to  the  anus  the  less  will  be  the  fatality  from  operation  and 
the  greater  the  danger  of  recurrence  5  while  the  further  the  tumor  is  from  the 
anus  the  greater  will  be  the  mortality  from  operation  and  the  less  the  tend- 
ency to  recurrence.  Thus,  in  tumors  situated  high  up  in  the  rectum,  the  risk 
of  operation  is  greater,  but  the  chances  of  a  permanent  cure  are  better.  In 
our  early  experience  operations  by  the  combined  methods  on  the  tumors  that 
were  situated  high  up  proved  disastrous.  The  same  experience  has  fallen  to 
the  lot  of  nearly  all  operators,  many  of  whom  have  abandoned  the  procedure 
altogether.     Recently,  however,  we  have  had  a  larger  proportion  of  successes, 
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the  last  nine  cases  having  made  good  recoveries.  We  therefore  feel  more  hope- 
ful with  regard  to  those  cases  in  which  the  tumor  is  situated  so  high  that  its 
removal  necessitates  a  resort  to  the  abdominal  or  the  combined  operation. 

The  extent  of  the  bowel  involved  by  the  tumor  may  be  a  contraindication 
to  operation  in  two  ways:  First,  the  greater  the  tumor  the  longer  will  it  have 
existed,  and  the  more  likely  is  it  that  other  organs  are  involved  or  that  metas- 
tasis has  taken  place;  secondly,  the  greater  the  amount  of  bowel  involved  the 
greater  will  be  the  shock  of  the  operation.  ^^Tiile  this  feature  does  not  consti- 
tute an  absolute  contraindication,  many  extirpations  of  large  portions  of  the 
bowel  doing  better  than  less  extensive  ones,  we  must  nevertheless  bear  it  in 
mind  when  we  give  our  prognosis  as  to  the  probable  result  of  operative  inter- 
ference. The  amount  of  intestine  which  it  is  practicable  to  remove,  either  by 
the  perineal  or  by  the  combined  operation,  depends  upon  the  length  of  the  sig- 
moid and  its  mesentery  in  each  individual  case.  In  two  cases  the  writer  has 
removed  portions  of  the  rectum  and  sigmoid  that  measured  respectively  39 
and  44  cm.,  and  in  doing  this  he  experienced  less  difficulty  than  he  has  found 
in  removing,  in  other  cases,  portions  that  measured  only  15  cm.  in  length. 
There  is  no  way  of  telling  positively  in  advance  how  much  of  the  intestine  can 
be  brought  down,  but,  if  it  is  possible  to  get  a  sigmoidoscope  beyond  the  tumor, 
one  can  determine  this  fairly  well  by  the  degree  of  mobility  of  the  sigmoid; 
this  mobility  indicating  the  length  of  its  mesentery.  However,  from  the  point 
of  view  of  its  value  as  a  contraindication,  the  consensus  of  opinion  is  that,  the 
greater  the  amount  of  bow^el  which  it  may  be  found  necessary  to  remove,  the 
less  favorable  v/ill  be  the  prognosis. 

The  age  and  sex  of  the  patient  are  also  to  be  considered  in  deciding  for  or 
against  operative  interference.  The  mortality  in  patients  above  sixty  years  of 
age  is  rather  high  (about  twenty-two  per  cent),  but  the  percentage  of  perma- 
nent cures  is  also  high  (sixty-five  per  cent).  In  patients  under  thirty  years  of 
age  cancer  has  usually  been  considered  hopeless,  but,  in  our  experience,  only  two 
out  of  the  nine  patients  under  thirty  years  of  age  have  died — one  from  operation 
and  one  from  recurrence.  To  us,  therefore,  the  period  of  life  from  thirty  to 
forty  years  has  seemed  the  most  unfavorable  for  operation;  that  from  fifty  to 
sixty,  on  the  other  hand,  appearing  the  most  favorable.  As  to  sex,  women 
bear  the  abdominal  and  combined  operation  better  than  men.  In  other  re- 
spects there  is  practically  no  difference  between  the  two  sexes. 

The  degree  of  preparedness  of  the  surgeon  may  be  a  serious  contraindica- 
tion to  extirpation  of  the  rectum.  AVhile  every  operator  on  the  rectum  must 
have  his  first  operation  of  this  nature,  he  should  not  begin  with  one  which  is 
especially  difficult.  Every  minute,  every  drop  of  blood,  every  inch  of  arterial 
supply  saved  in  such  a  serious  operation  is  of  importance,  and  only  experience 
can  teach  one  how  to  conserve  them.  Frequent  practice  on  the  cadaver  is 
necessary  to  fit  one  to  do  this  operation  on  a  living  subject. 

Then,  finally,  the  rights  and  desires  of  the  patient  are  to  be  considered  in 
deciding  for  or  against  operation.  Every  man  has  a  right  to  know  exactly 
what  his  condition  is  and  what  are  the  dangers  incurred  if  it  be  left  untreated; 
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he  should  also  bo  told  the  prol^al:)lc  result  of  operation.  He  can  then  choose 
for  himself  whether,  in  a  desperate  case,  he  will  take  his  chance  for  life  and 
comfort  throu.iili  oix'raticii.  If  hv  so  decides,  the  surgeon  should  not  refuse 
to  undertake  the  work  e\'en  thougli  the  pi'ohabilities  are  against  a  successful 
issue. 

All  thest'  indications  and  contraindications  having  been  considered,  and 
operative  interference  having  l^een  determined  upon,  one  must  select  the 
method  which  is  best  suited  to  each  individual  case.  While  there  are  a  large 
number  of  methods  named  after  individuals,  there  are  really  only  five  which 
deserve  consideration,  viz.:  the  perineal,  the  parasacral,  the  abdomino-peri- 
neal  or  combined,  the  aljdominal,  and  the  vaginal.  As  to  the  comparative 
value  of  these  different  operations,  it  is  scarcely  possible  to  make  a  positive 
statement,  inasmuch  as  they  are  each  applicable  to  different  classes  of  cases. 
The  perineal  and  vaginal  operations  give  the  lowest  mortality  and  the  para- 
sacral the  next  lowest.  Then  comes  the  abdominal  operation,  -^-ith  a  some- 
what higher  mortality;  and  the  combined  operation  follows  this,  with  the 
highest  mortality  of  all.  If  the  conditions  warrant,  the  preference  should  be 
given  to  the  different  operations  in  the  order  here  named. 

The  preparation  of  the  patient  is  the  same  for  each  of  these  operations, 
and  may  be  described  as  follows: 

Preparation  of  the  Patient. — At  least  one  week  is  required  for  the  proper 
preparation  of  the  patient  for  an  operation  of  extirpation.  He  should  be  fed 
on  a  concentrated  but  mixed  diet — such,  for  example,  as  white  meats,  strong 
broths,  milk,  beef  juice,  refined  cereals,  and  small  quantities  of  toasted  bread. 
If  the  digestion  is  impaired,  predigested  food,  such  as  peptonized  milk  and 
infant  foods,  should  be  given  in  as  large  quantities  as  the  patient  will  bear. 
He  should  have,  once  every  day,  a  saline  laxative,  preferabl}^  Epsom  salts,  in 
a  sufficient  quantity  to  give  one  or  two  liquid  movements;  he  should  also  be 
given  some  form  of  intestinal  antiseptic.  The  writer  has  had  the  best  results 
with  betanaphthol,  in  capsule  (ten  grains  three  times  a  day).  Some  patients 
cannot  take  this  drug,  and,  when  this  is  the  case,  salol  or  sulpho-carbolate  of 
zinc  may  be  administered  in  its  place.  The  rectum  should  be  irrigated  twice 
a  day  ■v\ith  a  mixture  of  hydrogen  dioxide  (strength,  from  ten  to  twenty  per 
cent).  Bichloride  of  mercur}^,  potassium  permanganate,  or  carbolic  acid  solu- 
tions, of  sufficient  strength  to  sterihze  the  parts,  are  all  too  irritating. 

On  the  night  previous  to  the  operation  all  foods  should  be  stopped,  and 
large  doses  of  deodorized  tincture  of  opium  given.  The  administration  of  this 
remedy  should  be  continued  for  several  days  after  the  operation,  in  order  to  con- 
trol peristalsis  and  also  for  its  well-known  influence  upon  peritoneal  inflamma- 
tions. The  pubic,  perineal,  and  sacral  regions  should  be  shaved  and  dressed 
with  a  bichloride  dressing  several  hours  l^efore  the  operation.  After  the  patient 
has  been  anaesthetized,  the  rectum  should  be  injected  with  about  six  ounces  of 
a  fifteen-volume  preparation  of  hydrogen  dioxide.  By  these  means  one  is  usu- 
ally able  to  empty  the  bowel  and  bring  it  to  the  operating  table  in  a  fairly  sterile 
condition.     There  are  cases,  however,  in  which  the  stricture  is  so  tight  that  the 
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intestine  above  it  cannot  be  washed  out  and  emptied.  The  question  thea 
arises  as  to  what  it  is  best  to  do  in  these  cases.  Personally,  I  prefer  incising" 
the  growth  posteriorly  and  curetting  it  sufficiently  to  allow  the  fecal  material 
to  pass.  I  have  never  seen  any  harm  come  from  this  procedure,  and,  if  the 
parts  are  curetted  and  cauterized  with  an  actual  cautery,  the  elements  of  sep- 
sis are  largely  obliterated  and  the  patient  experiences  very  little  shock. 

Many  surgeons  believe  that,  in  these  conditions — in  fact,  in  all  contem- 
plated extirpations  of  the  rectum — the  establishment  of  a  preliminary  arti- 
ficial anus  constitutes  the  most  satisfactory  preparation.  This  procedure,  as 
advocated  by  Schede,  has  been  practised  all  over  the  world.  Some  make  the 
anus  in  the  sigmoid,  others  in  the  transverse  colon,  and  some  in  the  ascending 
colon.  Some  make  a  preliminary  artificial  anus,  and  some  a  permanent  one. 
The  method  has  some  advantages,  and  among  them  may  be  mentioned  the  fact 
that  one  is  able  to  examine  the  liver  and  the  prevertebral  lymph  nodes  and 
thus  determine  whether  they  have  been  involved  by  the  mahgnant  process. 
Still  another  advantage  is  to  be  found  in  the  fact  that  it  turns  the  fecal  cur- 
rent aside  and  prevents  infection  of  the  operative  field  from  this  source.  \Vhile 
these  advantages  cannot  be  denied,  it  must  be  remembered  that  the  adoption 
of  this  course  subjects  the  patient  to  two  operations  instead  of  one,  and  that, 
if  the  opening  is  made  in  the  sigmoid,  this  act  is  very  likely  to  interfere  wdth 
the  bowel  being  brought  down,  at  the  time  of  the  extirpation,  sufficiently  far 
to  restore  the  anus  to  its  normal  position.  On  the  whole,  surgeons  are  employ- 
ing less  and  less  this  plan  of  making  a  preliminary  anus.  The  writer  has  ceased 
to  use  it  altogether,  except  in  cases  so  debilitated  that  they  cannot  undergo  a 
major  operation.  In  such  cases  the  patients  sometimes  improve  so  much,  after 
a  colostomy,  that  extirpation,  which  at  first  seemed  impossible,  becomes  quite 
feasible.     It  is  only  in  cases  of  this  nature  that  we  advise  preliminary  colostomy. 

Technique  of  the  Different  Methods  of  Operating. — The  methods  of  operating 
differ  largely  in  their  modes  of  gaining  access  to  the  part  to  be  removed,  and 
as  regards  the  proper  mode  of  treating  the  ends  of  the  intestine  after  the  tumor 
has  been  amputated  or  resected. 

(a)  The  Perineal  Method. — Under  this  heading,  it  has  always  been  cus- 
tomary to  describe  the  old  methods  of  Lisfranc,  Dieffenbach,  Velpeau,  Ailing- 
ham,  Depage,  and  Cripps.  These  methods,  however,  have  all  been  superseded 
by  the  modified  Quenu  operation,  which  not  only  preserves  the  sphincters,  but 
also  the  levator  ani  muscle,  and  enables  one  to  remove  the  lymph  nodes  as 
effectually  as  in  other  operations.     The  technical  details  are  as  follows : 

Modified  Quenu  Operation. — The  patient  is  prepared  in  the  manner  de- 
scribed above,  and  is  placed  in  the  extreme  lithotomy  position  on  the  operating 
table.  A  small  circle  of  muco-cutaneous  membrane  is  dissected  up  around  the 
rectum,  and  a  strong  silk  hgature  is  passed  around  the  anal  opening  in  order 
to  prevent  the  escape  of  feces  and  also  to  remove,  from  the  operator,  the  temp- 
tation to  insert  his  finger  into  the  infected  cavity.  (Fig.  372.)  Some  opera- 
tors introduce  sponges  or  gauze  into  the  rectum  in  order  to  facilitate  dissec- 
tion.    After  the  ligature  is  tied  about  the  anal  opening,  the  rosette-like  mass 
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which  projects  beyond  the  ligature  is  cauterized  with  pure  carboHc  acid  or  with 
the  actual  cautery.  The  external  sphincters  are  next  dissected  from  their  at- 
tachment to  the  rectum  and  drawn  away  to  the  sides  by  retractors;  they  are 
then  split  anteriorly  to  the  perineal  body,  and  posteriorly  to  the  coccyx.  (Fio-. 
373.)  The  latter  incision  is  carried  well  up  along  the  right  side  of  the  coccyx 
into  the  retrorectal  space.  The  fingers  are  then  carried  into  this  space,  and  the 
rectum,  with  all  the  cellular  tissue,  is  separated  from  the  anterior  surface  of 
the  sacrum  as  high  up  as  the  promontory.  The  mass  of  cellular  tissue  is  then 
peeled  off  on  each  side  of  the  rectum,  from  above  downward,  as  far  as  to  the 


Fig.  373. — Perineal  Extirpation  of  the  Rectum.     (Quenu-Tuttle  Metiiod.)     iJ,  Rectum;  £•,  exter- 
temal  sphincter;    C,  coccyx;  T,  transversus  perinei  muscles;  A,  bulbous  urethra.     (Tuttle.) 

attachment  of  the  levator  ani  muscle,  which  is  then  grasped  ^\dth  forceps,  and 
cut  over  the  finger  on  both  sides  of  the  rectum,  thus  loosening  all  the  latter's 
attachments  except  those  which  bind  it  to  the  perineal  body  and  prostate,  or 
the  vagina,  in  front.  These  tissues  and  the  ano-bulbar  rhaphe  having  been 
cut  through,  the  rectum  is  freed  throughout  its  entire  circmnference,  and  the 
superior  pelvi-rectal  space  is  entered.  (Fig.  374.)  The  cellular  tissue  may  be 
dissected  with  scissors  or  torn  off  with  the  fingers.  Just  above  it,  is  found 
the  peritoneal  cul-de-sac,  which  may  be  stripped  up  in  some  cases,  but  should 
always  be  opened  if  the  neoplasm  extends  above  it.     (Fig.  375.) 

In  males,  before  dissecting  the  rectum  loose  from  its  perineal  attachments, 
one  should  introduce  a  urethral  sound  to  serve  as  a  guide  and  thus  prevent 
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wounding  the  urethra.  The  peritoneum  having  been  opened,  it  should  be  cut 
back  on  either  side  of  the  rectum  until  its  attachments  to  the  sacrum  have  been 
reached.  Before  the  mesorectal  and  mesosigmoidal  folds  of  the  peritoneum 
are  incised,  the  cellular  tissue  between  these  folds  should  be  loosened  from  the 
bone,  so  that  the  blood-vessels  which  it  carries  may  not  be  wounded  in  the 
next  step  of  the  operation,  which  consists  in  cutting  the  peritoneal  folds  that 
hold  the  bowel  to  the  bony  frame  of  the  pelvis.  Too  much  tension  should 
never  be  put  on  the  blood-vessels  which  support  the  rectum;  and  if,  upon 
exerting  gentle  traction,  one  finds  that  it  is  the  blood-vessels  and  not  the  meso- 


FxG.  374. 


-Perineal  Extirpation — Loosening  Rectiim  from  Anterior  Perineal  Rhaphe. 
ani;  R,  rectum;  M,  rhaphe.      (Tuttle.) 


L,  Levator 


rectum  which  prevent  the  bowel  from  coming  dowm,  he  should  strip  the  fat 
from  the  vessels  and  clamp  the  latter  before  cutting  the  folds. 

When  the  bowel  has  been  pulled  down  sufficiently  to  bring  the  tumor  well 
outside  the  anus,  the  anterior  peritoneal  opening  should  be  closed  hy  sutures, 
the  peritoneiun  being  attached  around  the  bowel  well  above  the  tumor.  (Fig. 
375.)  The  musculature  of  the  perineum  should  be  sewed  around  the  bowel, 
layer  by  layer,  until  the  external  sphincter  is  reached.  Then  this  should  be 
accurately  adapted  around  the  whole  intestine.  Allien  this  has  been  done  and 
the  retrorectal  space  has  been  packed  with  gauze,  the  bowel  should  be  ampu- 
tated just  below  the  sutures  attaching  the  external  sphincter  to  it.  This 
amputation    should  be   made    little  by  little,  the  mucous    membrane    being 
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grasped  by  forceps  and  drawn  outside  of  the  wound,  so  as  to  prevent  the 
escape  of  fecal  matter  into  the  latter.  After  the  bowel  has  been  amputated, 
one  will  usually  find,  in  the  retrorectal  fat,  one  or  two  large  vessels  which 
will  need  ligating.  One  must  be  very  careful  at  this  point  to  remove  all  the 
lymph  nodes  that  can  be  felt  in  the  mass  of  fat  and  cellular  tissue  behind  the 
rectum.  After  the  bowel  has  been  amputated,  the  mucous  membrane  should 
be  sewed  accurately  to  the  skin  which  surrounded  the  old  anal  aperture.  The 
perineal  wound  is  closed  in  front,  and  also  posteriorly,  almost  to  the  tip  of  the 
coccyx;  the  incision  at  the  side  of  the  coccyx  being  left  open  for  drainage. 
(Fig.  376.) 

On  several  occasions  the  writer  has  passed  two  silkworm-gut  sutures  through 


Tig.  375. — Perineal  Extirpation.     The  peritoneal  pouch  laid  open.      (Tuttle.) 


the  mesorectum  and  muscular  wall  of  the  l^owel,  as  high  up  as  possible,  and 
in  such  a  manner  as  to  embrace  about  one-third  of  its  circumference.  The 
ends  of  these  sutures  were  then  carried  out  on  each  side  of  the  sacrum  and 
tied  over  a  piece  of  sterile  gauze.  By  this  means  we  are  able  to  close  up 
the  dead  space  posterior  to  the  rectimi.  This  ought  not  to  be  done  where  there 
is  much  oozing.  All  the  cases  in  which  this  procedure  has  been  carried  out 
in  the  manner  described,  have  done  well.  It  appears,  however,  that  dragging 
the  rectum  back  in  this  way  sometimes  produces  too  much  tension  on  the  anal 
sutures.  Formerly  it  was  supposed  that  a  segment  four  or  five  inches  in  length 
represented  the  limit  of  extirpation  by  the  perineal  method.     The  writer  has 
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removed,  by  thi?;  nuthocl.  a  segment  more  than  fifteen  inches  in  length,  and 
he  has  cleaned  out  the  sacral  cavity  as  perfectly  as  he  could  have  done  by  auv 
other  possible  means.  He  is  therefore  adopting  the  method  more  and  more 
in  all  operations  that  do  not  actually  demand  abdominal  section. 

(b)  Kraske's  Parasacral  Method. — The  term  parasacral  is  employed  to  in- 
dicate any  method  by  which  access  to  the  rectum  is  obtained  bv  either  per- 
manent or  temporary  sacrifice  of  any  part  of  the  sacrum  or  coccyx.  They  are 
all  modifications  of  Kraske's  method,  which  was  first  introduced  in  1885. 
Kocher's  method  consists  in  simply  removing  the  cocc^-x.  Kraske  removes  the 
coccyx  and  the  left  corner  of  the  sacrum.  Other  operatoi-s  remove  more  or 
less  of  this    bone,  as  will   be   seen   bv   referrins;  to  the   drawings.      (Fio-    ,37-^ 


Fig.  376. — Perineal  Extirpation.     P.  Lateral  peritoneal  folds;   T",  enlargement  of  h-mph  nodes 
between  folds  of  mesorectum.     (Tuttle.) 

A-H.)  Rehn.  Rydygier,  and  Hegar  do  not  remove  the  bone  permanently, 
but  leave  it  in  a  skin  flap,  as  \\-ill  be  described.  After  the  bone  has  been 
removed  and  suitabk^  access  has  been  obtained  to  the  rectum  posteriorly, 
these  operators  all  employ  the  same  method  of  extirpation,  and  it  is  unneces- 
sary to  go  into  any  detailed  description  of  this  part  of  the  operation  more  than 
once.  \'on  Heinecke  makes  a  T-shaped  incision  into  the  skin,  earning  it  through 
the  sacrum  and  coccyx.  Le^y  makes  a  sciuare  flap  and  throws  it  downward. 
The  other  operators  nearly  all  use  a  straight  incision  from  the  anus  backward 
and  up  to  about  the  level  of  the  third  sacral  foramen:  the}'  then  remove  the 
coccyx  and  as  much  of  the  sacrum  as  they  believe  necessary  and  permissible. 
VOL.  vn.— 08 
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The  tendency  among  surgeons  of  the  present  day  is  less  and  less  toward 
destruction  of  the  bone;  and  the  writer  is  operating  to-day  by  the  perineal 
method  in  cases  in  which,  five  years  ago.  he  would  have  thought  it  necessary 
to  sacrifice  a  considerable  portion  of  the  bone.  He  has  always  believed, 
however,  in  the  Rehn-Rydygier  method,  and  still  holds  that  the  bone-flap 
method  of  operating  is  just  as  effectual  in  affording  access  to  the  rectum,  and, 
besides,  it  gives  more  satisfactory  results  than  do  any  of  the  methods  which 
permanently  sacrifice  some  part  of  the  pelvic  frame.  The  technique  which  he 
has  employed  is  as  follows : 

Technique  of  the  Bone-flap  Operation. — The  patient  having  been  prepared 


Fig.  377. — Perineal  Extirpation  Completed.    U,  Tampon  drainage-tube  in  anus. 

in  the  manner  already  described,  the  rectum  is  packed  with  gauze  and  the 
anus  is  closed  by  sutures.  The  patient  is  placed  in  the  extreme  prone  position, 
on  his  left  side,  with  the  thighs  flexed  upon  the  body,  and  the  pelvis  well  ele- 
vated on  sand-bags.  The  parts  having  been  thoroughly  cleansed,  an  incision 
is  made  from  about  the  level  of  the  third  sacral  foramen  outside  of  and  parallel 
with  the  right  border  of  the  coccyx,  down  to  a  point  about  half  an  inch  back 
of  the  anus.  This  incision  is  carried  through  all  the  tissues  into  the  cellular 
mass.  The  hand  is  then  introduced  into  the  retro-rectal  space  and  is  made  to 
separate  the  tissues  from  the  sacrum.  This  having  been  done,  the  cavity  and 
the  wound  are  packed  with  gauze.  A  second  incision  is  then  made  from  the 
top  of  the  first,  across  the  sacrum,  and  down  to  the  bone.     The  latter  is  then 
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cut  through  with  a  chisel,  the  gauze  })acking  jjreventing  injury  to  the  soft 
parts.  The  flap  is  pulled  clown  to  the  left  side,  where  it  is  held  by  a  heavy 
retractor.  (Fig.  378.)  At  this  point  it  is  usually  necessary  to  tie  the  middle 
sacral  artery.  As  this,  however,  is  sometimes  very  difficult,  I  have  found  it 
easier,  in  such  cases,  to  crush  the  vessel  against  the  bone  and  thus  control 
hemorrhage.  The  gauze  is  removed  and  the  blood-vessels  which  have  been 
cut  in  the  original  incision  are  ligated.  The  flaps  are  then  pulled  to  one  side, 
and  the  cellular  tissue  is  incised  until  the  bowel  itself  is  reached.  Then  the 
dissection  is  continued  around  its  tunica  until  the  peritoneal  cul-de-sac  is 
reached,  when  the  latter  is  promptly  opened.  (Fig.  379.)  With  the  aid  of  a 
large  pedicle  needle,  one  can  then  easily  surround  the  bowel  with  a  large  tape 
and  thus  control  the  hemorrhage,  if  there  be  anv,  and  at  the  same  time  furnish 


Fig.  378. — Extirpation  of  Rectum  by  Bone-flap  Method.  R,  Rectum;  5,  sacrum;  LS,  lateral 
rectal  ligaments;  A'',  neoplasm.  (Tuttle:  "  Diseases  of  the  Anus,  Rectum,"  etc.  D.  Appleton  &  Co., 
New  York.) 

a  means  of  traction.  (Fig.  378.)  Aided  by  this  tape  attached  to  the  bowel,  the 
operator  should  proceed  to  separate  the  organ  from  its  attachments  above, 
always  freeing  the  cellular  tissue  from  the  bone  and  lateral  peritoneal  folds  be- 
fore incising  the  latter,  in  order  to  get  the  l^lood-vessels  out  of  danger.  Very 
iittle  hemorrhage  occurs  during  this  part  of  the  operation  if  one  does  not  cut  the 
superior  hemorrhoidal  or  inferior  mesenteric  arteries,  and  this  will  not  be  done  if 
the  precaution  above-mentioned  is  taken. 

After  these  lateral  folds  have  been  incised  and  the  bowel  has  been  brought 
down  as  far  as  possible,  it  may  be  found  that  the  blood-vessels,  in  their  tensely 
stretched  condition,  still  hold  the  bowel,  thus  rendering  it  necessary  to  cut  the 
latter.     This  should  be  done  between  two  ligatures  or  forceps  at  a  point  just 
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below  the  sigmoidal  artery,  in  order  to  preserve  the  anastomotic  circulation 
in  the  lower  end  of  the  rectum.  Then,  the  bowel  having  been  well  loosened 
above  the  cancerous  growth,  a  tape  or  strong  ligature  is  thrown  about  it, 
and  one  must  then  determine,  without  further  delay,  whether  he  will  adopt 
resection  or  amputation  for  removal  of  the  growth.  As  a  general  statement 
we  would  say  that  it  is  desirable  to  avoid  sacrificing  any  part  of  the  intestine 
which  may  properly  be  saved;  but,  under  the  circumstances  which  we  are  con- 
sidering, one  is  not  likely  ever  to  remove  too  much  of  the  organ.  The  wider 
the  dissection  the  surer  the  cure.  Hence,  whenever  it  is  possible,  without  sub- 
jecting the  bowel  to  too  great  tension,  and  when  the  blood-supply  is  sufhcient, 


Fig.   379. — Bone-flap  Extu'iiation.      y-",  ( )|)ening  of  i)eritoneuui ;    T,  .seminal  \i~,icles;   Af,  neoplasm ;   R, 
rectum,  tied  off.     (Tuttle:    "Diseases  of  the  Anus,  Rectum,"  etc.     U.  Appleton  &  Co.,  New  York.) 


to  amputate  and  bring  the  free  end  of  the  upper  section  down  to  the  margin 
of  the  anus,  it  is  wise  to  do  so.  At  this  point  in  the  operation  the  surgeon, 
having  loosened  the  bowel  sufficiently  to  bring  it  down  to  the  anus,  or  to  the 
end  of  the  rectum  which  is  left  after  a  resection  has  been  made,  should  close 
the  peritoneum  by  sutures  and  should  then  cover  the  line  of  sutures  with  gauze 
packing.     (Fig.  380.) 

In  cutting  off  the  bowel  above  the  tumor,  the  surgeon  should  be  careful  to 
do  this  between  two  ligatures,  and  he  should  then  cauterize  both  ends  with 
pure  carbolic  acid.  After  this  has  been  done  the  lower  segment  can  be  dis- 
sected out  almost  without  loss  of  blood.  If  the  upper  segment  is  sufficiently 
long  to  be  carried  down  into  the  anal  opening  and  sutured  there,  the  lower  seg- 
ment may  be  everted  before  or  after  the  tunior  has  been  excised,  and  an  end- 
to-end  suture  made  outside  the  anus. 
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Another  way  of  treating  the  ends,  that  of  Hochenegg,  is  to  dissect  the  mu- 
cous membrane  off  the  lower  segment,  invaginate  the  end  of  the  upjDcr  seg- 
ment through  this  freshened  tube,  and  suture  it  to  the  skin.  If  resection  is 
done  when  the  tumor  is  removed,  the  two  ends  may  b(!  united  b\-  cnd-to-end 
suturing  (Fig.  381),  by  a  Murphy  button,  oi-,  as  advised  liy  Kocher,  by  uniting 
the  ends  throughout  two-thirds  of  their  circumfei-ence  and  leaving  the  post(!- 
rior  third  open.  The  writer  has  seen  only  four  eases  in  which  resection  has 
not  been  followed  by  fistula;  all  these,  nevertheless,  healed,  but  he  has  never 
been  convinced  of  the  wisdom  of  suturing  the  bowel  half  way  around.  If  a 
complete  circular  suture  is  employed  there  will  probably  be  a  fistula,  but  this 


Fig.  380. — Fourth  Step  in  Bone-flap  Extirpation  of  the  Rectum.  /?,  Rectum;  £■,  site  of  recto- 
vesical cul-de-sac;  Si,  sigmoid;  P,  peritoneal  ca\at3'  closed  by  sutures.  (Tuttle:  "  Diseases  of  the 
Rectum,  Anus,  and  Pehnc  Colon."     D.  Appleton  &  Co.,  New  York.) 


will  be  smaller  and  will  be  more  likely  to  heal  than  if  it  involves  one-half  or 
two-thirds  of  the  circumference  of  the  bowel. 

As  to  the  use  of  the  Murphy  button  in  these  cases,  it  is  certain!}'  a  conven- 
ience, but  not  a  more  {perfect  method  of  securing  apposition  than  is  the  plan 
of  applying  sutures.  Furthermore,  as  in  the  latter  plan,  it  is  follo^ved  by  the 
establishment  of  a  fistula. 

After  the  ends  of  the  intestine  have  been  disposed  of,  it  is  well  to  carry  a 
large  silk  suture  through  the  meso-rectum  and  to  tie  it  to  a  fixed  portion  of  the 
margin  of  the  wound,  thus  anchoring  the  bowel  as  a  whole  and  so  preventing 
too  much  tension  on  the  ends  w^hich  have  just  been  united.  The  sacral  cavity 
is  now  packed  with  iodoform  gauze,  and  the  bone-flap  is  carried  back  into  its 
natural  position  and  fastened  by  sutures  passed  through  the  skin  and  perios- 
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teum.  Some  advocate  the  practice  of  not  suturing  the  l^one,  but  we  have 
never  found  any  serious  objection  to  doing  so.  The  skin  wound  is  closed  down 
to  the  sacro-coccygeal  joint,  the  rest  of  the  wound  being  left  open  for  drainage. 
The  retro-rectal  space  is  packed  with  gauze  and  a  drainage  tube  is  inserted 
as  in  the  perineal  operation.  (Fig.  382.)  ^^Tlatever  disposition  is  made  of  the 
ends  of  the  intestine,  the  anus  should  be  stretched  before  the  patient  is  put  to 
bed,  and  a  large  drainage  tube  should  be  carried  up  beyond  the  line  of  sutures 
in  the  bowel.  The  patient  is  placed  in  bed  upon  the  right  side,  and  the  head 
of  the  bed  is  elevated,  in  order  to  prevent  any  concealed  hemorrhage  from  flow- 
ing up  into  the  peritoneal  ca\ity.  For  the  first  twent^^-four  hours  there  is  con- 
siderable oozing,  but  after  this  it  is  slight.     The  gauze  is  remo^Td  at  the  end 


Fig.  381. — Bone-flap  Extirpation  of  Rectum, 
two  ends  of  the  bowel  united  by  end-to-end  suturinc 
Pelvic  Colon."     D.  Appleton  &  Co.,  Xew  York.) 


The  dra'wlng  shows  new-growth  resected  and  the 
(Tuttle:    '■  Diseases  of  the  Anus,  Rectum,  and 


of  forty-eight  hours,  and  for  it  a  small  drainage  tube  is  substituted.  ^Miere  it 
is  impossible  to  bring  the  l)owel  down  to  the  anus,  or  to  unite  it  to  the  lower 
segment  of  the  rectum,  it  will  be  necessary  to  make  a  sacral  anus — that  is,  to 
unite  the  proximal  end  of  the  intestine  to  the  skin  at  the  corner  of  the  rec- 
tangular wound.  (Fig.  383.)  The  main  point  to  be  borne  in  mind  is,  that  one 
should  never  attempt  to  suture  a  portion  of  the  bowel  that  has  not  a  good 
arterial  circulation,  to  either  the  anus,  the  rectum,  or  the  sacral  wound.  In  other 
words,  unless  the  blood  flows  freely  from  the  proximal  end  when  it  is  cut,  one 
should  continue  the  dissection  higher  up  until  good  circulation  is  found,  even 
though  it  be  necessary  to  bring  the  bowel  out  through  the  abdominal  wound 
and  make  an  artificial  anus.  Without  an  adequate  circulation  sloughing,  gan- 
grene, and  death  are  almost  sure  to  occur. 
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(f)  \'aginal  Method.— Extiri):ili(jii  of  [hv  ructuiu  by  way  of  t\n\  vagina  has 
been  practised  since  1890,  when  it  \\as  introduced  by  Desguins,  and  it  has 
proved  a  most  successful  operation,  so  fai-,  at  least,  as  mortality  is  concerned. 
Formerly  it  was  employed  only  in  the  case  of  tumors  located  within  the  first 
two  or  three  inches  of  the  rectum;  but,  more  recently,  since  these  tumors  have 
been  so  easily  managed  throuiih  the  perineum,  the  va,t2;inal  operation  is  applied 
only  to  tumors  located  high  up  in  the  rectum  and  in  the;  sigmoid.  Murphy,  of 
Chicago,  was  the  first  to  give  the  details  of  this  operation  as  it  is  now  (with 
some  variation)  employed.  His  method  (Figs.  384  to  388)  is  as  follows: 
The  patient  is  placed  in  the  extreme  lithotomy  position,  -\\ith  the  hi{)s  slightly 
elevated.     The  vagina  is  dilated  with  broad  retractors,  the  cervix  is  drawn 


Fig.  382. — Final  Step  in  Bone-flap  Operation.     G,  Gauze  draining  sacral  ca\'ity;    T,  Lynch  tube  in 
anus.      (Tuttle:   "Diseases  of  the  Anus,  Rectum,  and  Pelvic  Colon,"    P.  Appleton  &  Co.,  New  York.) 


down,  and  Douglas'  cul-de-sac  is  opened  by  a  transverse  incision  just  below 
the  line  of  juncture  with  the  cervix  uteri.  The  contents  of  the  cul-de-sac  are 
displaced  upward  by  the  introduction  of  abdominal  pads.  A  vertical  incision 
is  next  made,  in  the  median  line,  through  the  recto-vaginal  septiun  down  to  the 
wall  of  the  bowel,  and  including  the  external  sphincter.  (Fig.  38-1.)  The  flaps 
are  then  dissected,  one  from  each  side  of  the  rectum,  the  peritoneal  supports  of 
the  rectum  being  cut  as  high  up  as  the  meso-rectum  on  both  sides.  (Fig.  385.) 
The  rectum  is  thus  exposed  in  its  entire  length  anteriorly  and  on  the  sides, 
which  enables  one  to  bring  down  the  sigmoid  flexure  to  its  full  extent.  Murphy 
then  divides  the  anterior  rectal  wall  up  as  far  as  the  lower  border  of  the  tumor, 
and  cuts  the  bowel  off  one  inch  below  the  lower  limit  of  the  gro\nh.  (Fig.  386.) 
The    proximal  end  of   the  bowel  is  then   grasped  with    intestinal    forceps,  its 
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aperture  being  thus  closed,  and  dissected  out  from  the  hollow  of  the  sacrum 
as  high  up  as  the  promontory  or  further,  if  the  removal  of  the  entire  growi,h, 
too-ether  with  any  lymph  nodes  that  may  be  involved,  necessitates  such  a  step. 
The  same  precautions  as  have  been  described  in  the  previous  paragraphs  are 
observed  with  regard  to  tearing  off  or  wounding  of  the  superior  hemorrhoidal 
or  inferior  mesenteric  arteries.  When  the  bowel  has  been  sufficiently  loosened 
to  bring  it  down  without  tension  it  is  amputated  about  one  inch  above  the 
tumor  and  sutured  to  the  distal  end  by  sutures  passed  from  within  outward,  so 
that  the  knots  can  be  tied  inside  the  bowel.  (Fig.  387.)  The  slit  in  the  anterior 
wall  of  the  bowel  is  closed  in  a  like  manner.  After  this,  the  laparotomy  pads 
are  removed;    the  peritoneum  is  closed  by  catgut  sutures;    and  the  vaginal 


Fig.  383. — Sacral  Anus,  After  Bone-flap  Extirpation.      (Tuttle:    "  Diseases  of  tlie  Anus,  Rectum,  and 
Pelvic  Colon."     D.  Appleton  &  Co.,  New  York.) 

wall,  together  with  the  peritoneum  and  external  sphincters,  is  reunited.  For 
this  part  of  the  operation  Murphy  uses  silkworm-gut  sutures.  (Fig.  388.)  A 
drainage  tube  is  passed  through  the  anus,  above  the  point  of  anastomosis,  and 
sutured  in  position. 

Owing  to  the  fact  that  a  large  space  is  left  behind  the  bowel  after  the  re- 
moval of  the  cellular  tissue,  fat,  and  lymph  nodes  in  the  hollow  of  the  sacrum, 
the  writer  modifies  Dr.  Murphy's  technique  in  the  following  manner:  A  circu- 
lar incision  is  made  behind  the  anus  and  is  carried  through  all  the  tissues  into 
the  retro- rectal  space.  The  rectum  and  the  cellular  tissues  in  this  space  are 
separated  from  the  sacrum,  as  high  up  as  the  growth  extends,  by  the  finger 
or  by  a  dull  instrument.  The  rectum  is  then  separated  from  its  attachments, 
on  both  sides,  by  the  fingers,  down  to  the  superior  surface  of  the  levator  ani 
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miiselc!^.  This  wound  is  packed  with  sterile  uauze.  to  control  hemorrhage,  and 
the  operation  is  then  conducted,  IVoin  this  point  onward,  according  to  Murphy's 
technicjue,  except  that  the  bowel  is  not  opened  until  it  has  been  freed  from  its 
attachments  and  bi'ou,ii;lit  down  as  far  as  necessary,  and  the  ]X'ritoneal  cavity 
closed  by  suture.  'Die  ]iostanal  wound  is  left  open  for  drainage,  and  through 
it  a  drainage  tube  filled  with  gauze  or  a  cigaivtte  drain  is  introduced  to  com- 
plete the  operation. 

{(l)  The  Abdominal  Method. — The  abdominal  method  is  applied  to  tumore 


Fig.  3S-i. — Incision  in  Vaginal  Extirpation.      (Murphy.) 


which  involve  the  upper  rectum  and  sigmoid  or  the  sigmoid  alone.  T\  here  the 
growth  is  confined  to  the  movable  loop  of  the  sigmoid  and  can  be  drawn  out- 
side of  the  abdomen,  the  operation  resolves  itself  into  a  simple  intestinal  resec- 
tion, with  end-to-end  or  lateral  anastomosis — an  operation  which  has  already 
been  described  on  a  preceding  page  (page  917)  and  therefore  need  not  be  de- 
tailed here.  Owing  to  the  dangers  of  anastomosis  in  the  sigmoid  one  of  us  sug- 
gested some  years  ago  that  this  operation  might  be  done  in  three  steps  where 
the  gi'o\\i:h  could  be  brought  well  outside  the  abdominal  cavity,  i.e.,  pull  the 
growth  and  all  of  the  sigmoid  that  w^ll  come  mthout  too  great  tension  out  of 
the  wound;   fix  the  two  legs  together  after  the  manner  of  Bodine;   suture  the 
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bowel  to  the  peritoneum  and  skin  and  leave  it  for  two  or  three  days,  then  excise 
it  thus  forming  an  artificial  anus,  which  can  be  closed  according  to  the  methods 
hereinafter  described  (Tuttle,  op.  ciL).  The  method  has  been  employed  a  num- 
ber of  times  and  most  successfully.  Where  the  tumor  is  situated  low  down  in 
the  sio-moid,  or  involves  the  recto-sigmoidal  juncture,  complete  abdominal 
resection  is  rather  difficult.  Mann,  of  Buffalo,  claims  that  the  procedure  is 
feasible  with  the  use  of  the  Murphy  button  and  he  reports  three  cases  which  were 
treated  by  this  method  (with  one  death).     My  own  experience,  as  well  as  that 


Fig.  385. — Separation  of  Rectuni  from  Vaginal  Walls.     (Murphy.) 

of  Drs.  Murphy,  Marcy,  and  others,  who  have  used  the  button  for  uniting  the 
divided  ends  of  the  bowel  where  one  or  both  of  them  are  only  partially  covered 
with  peritoneum,  has  been  most  unsatisfactory.  Invariably  there  has  been 
leakage,  and  this  is  almost  sui'e  to  prove  fatal  where  there  is  no  dependent 
drainage.  End-to-end  suturing  deep  down  in  the  pelvic  cavity  is  also  difficult 
and  dangerous.  We  beheve,  therefore,  that  the  abdominal  operation  should 
be  reserved  for  those  cases  in  which  the  bowel,  on  both  sides  of  the  neoplasm, 
is  completely  covered  with  peritoneum,  or  where  it  is  advisable,  on  account  of 
the  condition  of  the  patient,  to  make  a  permanent  artificial  anus. 

Colorectostomy.— AATiere    the  tumor  is  confined  to  the  lower  loop  of  the 
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sigmoid,  or  even  where  it  involves  the  recto-signioidal  juncture,  one  may  some- 
times employ  the  method  devised  by  Kelly,  in  1895,  and  denominated  colo- 
rectostomy.  The  tccliniinic  is  as  follows:  The  abdomen  having  been  opened, 
the  patient  is  placinl  in  the  Trendelenburg  posture,  and  all  the  movable  con- 
tents of  the  pelvis  are  packed  up  in  the  abdominal  cavity  by  means  of  gauze 
l^ads.  The  tumor  is  then  loosened  from  its  mesenteric  attachments  and  drawn 
out  of  the  abdominal  cavity;  the  bowel  is  incised  transversely  (between  two 
ligatures)  one  inch  or  more  above  the  tumor;   the  two  cut  ends  are  cauterized 


Fig.  3S6.— Resection  of  Involved  Area  in  Vaginal  Extirpation  of  the  Rectxim.     (Murphy.) 


with  pure  carboHc  acid;  the  lower  end  is  inverted  and  sutured  vn.th.  Lembert 
sutures  and  the  upper  end  is  wrapped  in  gauze  after  ha\'ing  been  clamped  with 
intestinal  forceps  and  dra-^^Ti  out  of  the  abdomen.  The  tumor  is  then  ex- 
cised, the  bowel  being  cut  across  one  inch  or  more  below  the  growth.  Before 
the  bowel  is  divided  the  pehis  is  well  packed  '^ith  sterile  gauze.  The  upper 
end  of  the  rectum  thus  left  open  is  cauterized  and  inverted  by  means  of  a  purse- 
string  suture  which  passes  through  the  peritoneum  and  muscular  wall.  Four 
long  hea\'y  silk  ligatures  are  then  passed  through  the  walls  of  the  cut  end  of 
the  sigmoid,  at  equidistant  points,  and  are  fimily  twisted  together  so  as  to 
form  a  rope:  this  step  practically  closing  the  aperture.     A  longitudinal  incision, 
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about  one  inch  in  length,  is  then  made  in  the  anterior  wall  of  the  rectum;  a 
long  forceps  is  carried  through  the  anus  and  brought  out  through  this  incision; 
by  means  of  its  blades  the  long  sutures  attached  to  the  sigmoid  are  grasped 
and  this  organ  is  dragged  down  into  the  rectum,  thus  invaginating  the  edges  of 
the  wound  which  are  covered  with  peritoneum  and  making  a  wide  apposition 
between  this  and  the  peritoneal  covering  of  the  sigmoid.  (Fig.  389.)  The 
twisted  sutures  are  caught  by  a  pair  of  forceps,  or  wrapped  around  a  small  roll 
of  bandage  and  rotated  until  they  hold  the  sigmoid  well  in  place.  The  clamp 
or  the  ligature  on  the  sigmoid  is  now  removed,  and  one  may  add  a  few  Lem- 


FiG.  387. — Restoration  of  Bowel  in  Vaginal  Extirpation  of  the  Rectum.      (Murphy.) 


bert  sutures  at  the  junction,  in  order  more  firmly  to  secure  the  colon  in  position. 
This  having  been  accomphshed,  the  raw  surfaces  in  the  peritoneal  cavity  are 
covered  as  well  as  possible,  and  the  abdomen  is  closed.  The  writer  has  done 
this  operation  four  times  successfully.  In  one  case  there  was  a  stricture  at  the 
point  of  exit  of  the  colon  into  the  rectum;  this  was  overcome  by  passing  a 
long  pair  of  pressure  forceps  through  the  anus,  with  one  prong  in  the  rectal 
cul-de-sac  and  one  in  the  sigmoid,  thus  cutting  through  the  septum  by  pressure. 
(Fig.  342.)     The  results  were  all  that  could  be  desired. 

(e)  Combined  Operation.— When  the  tumor  is  situated  in  the  highest  por- 
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tion  of  the  rectum  and  the  lower  sigmoid,  it  is  often  advantageous  to  loosen 
it  from  its  attachments  through  the  abdominal  route,  and  then  to  remove 
it  by  the  anal,  the  perineal,  or  the  sacral  method.  These  procedures  are 
termed  abdomino-anal,  abdomino-perineal,  and  abdomino-sacral  extirpations. 
Maunsell,  of  Australia,  was  the  first  to  advocate  this  method  (the  abdomino- 
anal  method).  He  loosened  the  tumor  from  its  attachments  through  the  ab- 
dominal wound,  then  passed  a  long  tape  on  each  side  of  the  mass,  through  its 
walls  into  the  rectum,  and  then  through  the  anus.  By  dragging  on  this  tape 
he  was  able  to  bring  the  tumor  outside  the  anus  and  to  excise  it  little  by  little. 


Fig.  388. — Closure  of  Peritoneum  and  Vaginal  Wound  after  Vaginal  Extirpation  of  the  Rectum. 

(Murphy.) 

Afterward,  he  effected  an  end-to-end  union  by  means  of  sutures.  He  suggested 
that,  if  the  tumor  were  very  large,  it  would  be  necessary  to  split  the  anus  back- 
ward, in  order  to  allow  the  tumor  to  be  drawn  out.  After  resection  has  been 
accomplished  and  the  parts  have  been  sutured,  the  everted  end  of  the  bowel 
is  restored  to  its  position,  the  peritoneum  is  sutured  from  above,  and  the  ab- 
dominal wound  is  closed. 

Weir  (Journal  of  the  American  Medical  Association,  1901)  has  modified  this 
operation  by  first  removing  the  tumor  through  the  abdominal  wound,  then 
everting  the  remaining  portion  of  the  rectum  and  dragging  the  sigmoid  down 
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through  this  everted  part,  and  finally  fixing  it  there  by  needles  thrust  through 
the  four  walls  at  right  angles  to  each  other.  The  edges  of  the  bowel  are 
trimmed  off  even  and  sutured,  the  needles  are  removed,  a  drainage  tube  is 
inserted  into  the  bowel,  and  the  everted  rectum  is  replaced  in  position.  In  this 
operation  it  is  important  to  observe  carefully  the  condition  of  the  circulation 
in  the  proximal  end  of  the  bowel  before  one  applies  the  sutures.  Unless  there 
are  spurting  arteries  when  the  bowel  is  divided,  one  had  better  cut  it  off  higher 
up,  and  even  to  repeat  the  operation  until  such  are  found;  or,  if  spurting  arte- 


FiG.  389. — Colorectostomy,  after  Kelly's  method. 


ries  cannot  be  found,  it  will  be  better  to  bring  the  bowel  out  through  the  ab- 
dominal wall  and  make  an  artificial  anus. 

The  combination  of  the  abdominal  with  the  perineal  and  sacral  methods 
(abdomino-perineal  and  abdomino-sacral  methods)  has  been  employed  since 
1884,  when  Czerny  did  it  in  order  to  extricate  himself  from  certain  difficulties 
in  a  sacral  operation.  Priority,  in  this  operation,  is  attributed  variously  to 
Gaudier,  Chaput,  and  Challot.  Some  operators  loosen  the  bowel  and  the 
tumor  as  far  as  possible  from  below,  and  then  remove  them  through  an  ab- 
dominal incision;  some  loosen  the  parts  as  far  down  as  possible,  through  the 
abdominal  incision,  then  close  the  abdominal  wound  and  extirpate  the  bowel 
from  below;  some  attempt  to  bring  the  bowel  down  and  unite  it  to  the  anal 
orifice,  or  to  the  segment  of  the  rectum  which  remains  after  resection  has  been 
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accomplished;  others  stih  (Quenii,  Boeckel,  Keen)  prefer  to  make  a  permanent 
artificial  anus  in  the  left  inguinal  region.  The  writer  has  done  the  combined 
operation  eight  times.  In  three  of  these  cases  he  employed  the  abdomino- 
sacral  method,  and  in  five  others  the  abdomino-perineal.  In  the  three  cases 
in  which  he  employed  the  abdomino-sacral  method  there  was  one  death,  and 
in  the  five  in  which  the  employed  the  abdomino-perineal  method  there  were 
tw^o  deaths — a  mortality  of  37.5  per  cent.  In  the  last  five  cases  operated  upon 
there  has  not  been  a  single  death.  The  technique  which  he  employs  is  as 
follows : 

The  abdomen  is  opened  by  a  long  abdominal  incision,  just  outside  of  or 
through  the  left  rectus  muscle;  the  sigmoid  is  dragged  out  of  the  abdomen 
and  cut  across,  at  a  point  one  inch  above  the  tumor,  with  an  electric  angeio- 
tribe,  which  seals  up,  and  at  the  same  time  disinfects,  both  ends  of  the  bowel. 
The  lower  segment  is  invaginated  and  secured  by  a  purse-string  suture.  It  is 
not  necessary  to  do  this  to  the  upper  end,  as  it  need  not  be  manipulated  to 
any  extent.  The  lower  segment  is  then  loosened  from  its  mesenteric  attach- 
ments, great  care  being  taken,  as  the  dissection  advances,  not  to  wound  the 
internal  iliac  veins.  The  peritoneum  is  incised  in  front  and  at  the  sides,  the 
rectum  is  separated  from  the  bladder  down  to  the  prostate,  and  the  lymph 
nodes  in  the  hollow  of  the  sacrum  are  removed  by  blunt  dissection  with  the 
fingers.  ^Mien  the  dissection  has  been  carried  downward  as  far  as  possible  a 
ligature — if  the  growi;h  is  large — is  carried  around  the  bowel  below  the  tumor, 
the  pelvis  is  packed  with  gauze,  and  the  tumor  is  removed  through  the  open- 
ing in  the  abdominal  wall.  If  the  tumor,  however,  is  not  very  large,  the  part 
to  be  resected  may  be  crowded  down  into  the  pelvis,  the  abdominal  w^ound 
temporarily  closed,  the  patient  put  in  the  lithotomy  position,  and  the  tumor 
removed  together  with  the  necessary  amount  of  bowel,  either  by  the  perineal 
method,  as  heretofore  described,  or  through  an  incision  extending  along  the 
side  of  the  coccyx  and  sacrum.  If  a  sufficient  amount  of  the  sigmoid  is  left 
above,  it  should  be  brought  down  and  an  end-to-end  union  effected;  or  it 
should  be  invaginated  into  the  anus;  but,  if  there  is  not  a  sufficient  amount, 
the  perineal  wound  is  left  open,  the  floor  of  the  peritoneum  is  closed  on  the 
abdominal  side,  and  the  proximal  end  of  the  sigmoid  is  utilized  to  make  an 
artificial  anus,  according  to  the  writer's  modified  Bailey  method.  In  our  last 
five  cases,  all  of  which  have  recovered,  we  have  made  an  artificial  anus  only 
once;  in  the  other  four  cases  we  have  been  able  to  re-establish  the  feeal  exit 
at  its  normal  site.  Theoretically,  this  is  the  most  perfect  operation  for  car- 
cinoma of  the  rectum,  and  it  has  beeii  recommended  as  the  ideal  operation  by 
Mayo  and  others.  Nevertheless,  its  high  mortality  has  caused  the  majority  of 
operators  to  abandon  it.  It  is  possible,  however,  that,  T\dth  improved  tech- 
nique and  greater  skill,  it  will  once  more  come  into  favor,  for  it  possesses  the 
great  advantage  that  it  enables  the  operator  to  determine  accurately  the  intra- 
abdominal condition  of  affairs — the  degree  of  involvement  of  the  lymph  nodes, 
and  whether  or  no  the  liver  and  other  organs  are  affected — before  he  under- 
takes the  actual  extirpation. 
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Local  Excision. — There  are  a  certain  number  of  isolated  growths  of  limited 
size,  which  occur  on  the  side  or  in  the  posterior  wall  of  the  rectum,  and  which 
may  be  locally  excised  without  extirpating  the  rectum.  In  not  a  few  of  the 
cases  of  this  character  the  operation  has  proved  successful  and  there  has  been 
no  recurrence  of  the  growth.  Such  excisions  may  be  made  through  the  coc- 
cygeal or  the  parasacral  incision.  The  rectum  is  approached,  as  has  been 
described,  through  the  removal  of  the  coccyx  or  by  the  emplojanent  of  the 
modified  Kraske  method.  The  bowel  is  opened,  the  tumor  is  locally  excised, 
the  edges  of  the  wound  in  the  intestine  are  drawn  together  layer  by  layer,  and 
the  posterior  wound  is  closed  with  the  exception  of  a  small  aperture  left  for 
drainage.  A  wide  margin  of  healthy  tissue  should  always  be  taken  away  with 
the  gro\\iih. 

Further  Remarks  upon  the  Treatment  of  Malignant  Tumors  of  the 
Rectum. — In  the  matter  of  treatment  no  distinction  is  made  between  carci- 
noma and  sarcoma;  radical  extirpation  being  the  rule  in  each  case,  whenever 
possible.  The  .x-ray  and  the  serum  treatment  offer  som.ewhat  better  prospects 
of  success  in  sarcoma  than  in  carcinoma,  but  neither  of  them  should  ever  be 
substituted  for  a  radical  operation,  if  the  circumstances  are  such  as  to  render 
the  latter  practicable.  After  the  operation  has  been  done,  however,  Coley's 
and  the  a-ray  methods  may  both  be  used  to  advantage,  as  preventives  against 
recurrence. 

After  one  has  reviewed  the  various  methods  which  are  employed  at  pres- 
ent for  the  extirpation  of  a  malignant  tumor  of  the  rectum,  it  wdll  be  natural 
to  ask,  Which  is  the  best?  The  only  answer  to  this  question  is.  The  choice  of 
a  method  depends  upon  the  site  of  the  tumor  and  upon  the  condition  of  the 
patient.  The  more  I  practise  the  perineal  operation,  the  wider  is  the  field  to 
which  I  am  inchned  to  apply  it.  At  the  present  time,  therefore,  I  would  ad- 
vise that,  whenever  a  rectal  tumor  cannot  be  removed  b}^  the  perineal  method, 
it  should  be  treated  b}'  either  the  abdominal  or  the  combined  method.  If  the 
surgeon  has  a  large  hand,  he  will  not  find  the  perineal  method  so  easy  as  the 
parasacral,  owing  to  the  fact  that  the  space  in  the  pelvic  outlet,  especially  in 
men,  is  rather  narrow  for  work.  Women  bear  abdominal  manipulation  much 
better  than  men,  and  consequently  we  do  not  hesitate  so  much  about  doing  a 
combined  operation  in  them  as  we  do  in  men.  At  the  same  time,  if  in  either 
sex  the  limits  of  the  growth  cannot  be  made  out  through  the  anus,  the  ab- 
dominal or  the  combined  operation  ought  to  be  advised.  Finally,  amputation, 
with  the  restoration  of  the  normal  fecal  outlet,  is  the  method  of  choice  when- 
ever the  operation  is  feasible.  Resection  should  be  done  only  when  the  growth 
is  located  more  than  three  inches  above  the  anal  margin. 

WTien  the  tumor  is  of  the  cauHflower-like  type,  filHng  up  the  rectum  and 
obstructing  the  passage,  much  relief  may  be  given  by  curettage  and  cauteriza- 
tion. The  only  danger  attending  this  procedure  is  that  of  perforating  the 
bowel  on  its  peritoneal  surface;  the  danger  from  hemorrhage  is  slight.  In 
scraping,  however,  one  must  be  careful  lest  an  accident  should  occur.     The 
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tumor  ma\-  be  scooped  out  with  impunity  in  the  posterior  quadrant  of  the 
intestine.  After  the  parts  have  been  curetted,  they  may  be  cauterized  with 
the  electro-cautery,  after  the  manner  of  O'Beirn  in  carcinoma  of  the  cervix. 
The  writer  has  employed  this  method  a  number  of  times,  and,  while  it  does 
not  effect  a  cure,  it  gives  great  relief  for  a  time  by  checking  hemorrhage,  re- 
ducing discharge,  and  furnishing  an  intestinal  calibre  sufficient  to  admit  of  free 
fecal  passages. 

There  are  a  number  of  cases  in  which  the  passage  of  fecal  material  causes 
so  much  pain  and  bleeding  that  it  is  necessary  to  turn  the  fecal  current  aside, 
in  order  to  relieve  the  distress  of  the  patient.  In  this  class  of  cases  we  may 
employ  either  inguinal  colostomy  or  entero-anastomosis.  The  former  opera- 
tion, if  properly  done,  is  by  no  means  the  disgusting  and  intolerable  condition 
described  by  many  writers  who  have  had  little  experience  with  it.  The  arti- 
ficial anus  can  be  so  formed  that  the  patient  practically  controls  the  new  fecal 
outlet;  and,  in  the  later  stages  of  carcinoma,  it  is  an  invaluable  aid  to  local 
treatment.  In  those  cases,  however,  in  which  there  is  considerable  healthy 
bowel  below  the  tumor,  one  may  employ  entero-anastomosis,  either  lateral  or 
end-to-side,  thus  short-circuiting  the  fecal  current  and  maintaining  its  normal 
outlet.  To  a  very  sensitive  indi\ddual  this  operation  is  much  more  satisfac- 
tory than  colostomy,  and,  although  somewhat  more  difficult  to  perform,  is 
very  httle  more  dangerous. 

Palllitht:  Treatment. — Notwithstanding  the  boldness  of  modern  sur- 
gery and  the  improved  skill  in  diagnosis,  there  are  numerous  patients  affected 
with  malignant  disease  of  the  rectum  to  whom  we  can  hold  out  no  hope  of  a 
radical  cure.  In  these  cases  one  must  be  prepared  to  institute  such  palliative 
treatment  as  will  preserve  life  the  longest  and  bring  the  greatest  comfort  to 
these  miseral)le  sufferers.  The  methods  to  be  employed  may  be  enumerated 
as  dietary,  medicinal,  and  local. 

Dietary  Treatment. — So  far  as  control  of  the  tumor  is  concerned,  we  have 
never  been  able  to  note  any  particular  effect  from  special  lines  of  diet.  Re- 
cently it  has  been  held  that  meat  increases  the  tendency  to  cancer.  It  is  our 
own  impression,  however,  that,  so  long  as  the  digestive  functions  remain  good 
and  the  food  is  assimilated,  it  makes  little  difference  what  articles,  of  diet  are 
used.  It  is  only  a  question  of  maintaining  strength  and  resistance  to  infection 
in  a  general  way.  One  would  ad\dse  refraining  from  articles  which  contain 
much  fibrous  material,  inasmuch  as  this  would  irritate  the  groT^th.  ^lilk,  fats, 
light  meats,  and  well-cooked  starches  would  seem  to  be  the  rational  diet. 

Treatment  by  Drugs. — No  drug,  so  far  as  we  are  aware,  has  any  influence  in 
cuiing  cancer.  We  have  seen  several  cases,  however,  in  which  th^-roid  extract, 
combined  with  quinine,  seemed  to  retard  the  growth.  "\Miether  it  had  any 
influence  on  the  gro\\th,  or  whether  its  beneficial  influence  was  through  the 
maintenance  of  normal  metabolism,  we  cannot  say;  but  it  appeal's  to  be  worth 
trying  in  inoperable  cases.  ^^Tiatever  remedies  aid  in  maintaining  good  phys- 
ical condition  and  good  digestion  are  the  ones  to  be  used.  Opium  is,  after  all, 
our  sheet  anchor  in  this  stage  of  the  disease,  but  it  should  not  be  administered 
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bv  the  mouth,  on  account  of  its  constipating  effects  and  its  disturbing  influ- 
ence upon  digestion.  For  the  relief  of  pain,  morphine  should  be  used  spar- 
ingly at  first,  but  with  all  freedom— to  relieve  pain,  mental  anxiety,  and  hope- 
less despair — after  the  patient  reaches  the  bedridden  stage.  Other  analgesics 
are  depressing  if  used  in  quantities  sufficient  to  be  effectual. 

Local  Treatment. — Local  treatment  of  inoperable  cancer  of  the  rectum  con- 
sists in  keeping  the  parts  clean,  in  warding  off  sepsis,  and  in  preventing  intes- 
tinal obstruction.  The  first  of  these  objects  is  accomplished  by  irrigations  of 
boric  acid,  hydrogen  dioxide,  and  potassium  permanganate.  When  the  parts 
are  not  too  sensitive,  a  ten-per-cent  preparation  of  hydrogen  dioxide  will  do 
more  to  disinfect  and  sterihze  the  rectum  than  anything  else  of  which  I  have 
any  knowledge;  but  some  patients  are  so  sensitive  to  appHcations  of  this  rem- 
edy that  it  is  necessary  to  employ  in  its  place  boric  or  ca,rbolic  acid,  or  potas- 
sium permanganate,  in  mild  solutions.  These  remedies  should  be  introduced 
through  a  soft-rubber  tube,  with  the  patient  in  the  knee-chest  posture.  No 
hard  irrigators  or  long  tubes  should  be  used  in  rectums  that  are  affected  with 
cancer,  lest  perforation  should  occur.  "When  there  is  exuberance  of  the  grow1:h, 
portions  of  it  protruding  into  and  obstructing  the  rectum,  one  may  often  widen 
the  calibre,  check  the  hemorrhage,  and  relieve  the  pain,  by  curetting  the  tumor 
and  cauterizing  its  base  with  the  electro-cautery.  In  doing  this,  however,  the 
surgeon  must  exercise  great  care,  so  as  to  avoid  either  burning  or  curettuig  so 
deeply  as  to  penetrate  the  peritoneal  cavity  and  thus  set  up  a  fatal  peritonitis. 

The  most  important  of  the  palliative  remedies  is  the  operation  for  colostomy. 
This  operation  is  properly  described  under  its  special  heading,  in  a  later  sec- 
tion. In  all  cases  of  malignant  growth  that  are  inoperable,  this  operation 
should  be  done  sooner  or  later,  nor  should  it  be  delayed  too  long.  A^Tienever 
the  patient  becomes  very  much  annoyed  by  frequent  stools,  tenesmus,  and 
bearing-down  pain,  colostomy  will  be  found  to  afford  vevy  decided  relief,  and 
will  prevent  all  risk  of  a  complete  obstruction,  v/hich,  in  these  cases,  frequently 
comes  on  so  insidiously  that  rupture  or  serious  results  from  over-distention 
take  place  before  the  patient  is  referred  to  the  surgeon  for  operation. 


XV.   SIGMOIDITIS,  PERISIGMOIDITIS,    AND  DIVERTICULITIS. 

The  term  sigmoiditis,  first  employed  by  Mayor,  would  indicate  an  inflam- 
mation of  the  sigmoid,  or  pelvic  colon,  of  any  kind.  In  proctologic  literature, 
however,  it  is  not  usually  employed  in  connection  with  specific  diseases,  such 
as  syphilis,  tuberculosis,  typhoid  fever,  dysentery,  etc.,  but  is  confined  to  the 
subject  of  simple  inflammation  involving  the  sigmoid.  The  first  complete 
description  of  this  affection  was  given  by  Mathews,  of  Louisville  ("Diseases  of 
the  Rectum,  Anus,  and  Sigmoid  Flexure,"  1892).  The  disease,  how^ever,  had 
been  known  to  some  extent  by  proctologists  for  a  long  time,  and  Trastour,  in 
an  article  upon  "Passive  Dilatation  of  the  Sigmoid,"  had  described  it  most  accu- 
rately.    Since  Mathews  wrote  about  the  disease  a  number  of  articles  on  the  sub- 
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ject  have  been  published,  and  among  them  two  very  detailed  theses  by  Catz 
and  Patel.* 

Elaborate  classifications  have  been  made  by  these  writers,  and  most  in- 
teresting cases  have  been  reported  to  support  the  same.  These  divisions  are 
too  numerous,  however,  and  are  likely  to  confuse  the  ordinary  reader.  We 
have,  therefore,  adopted  the  following  simple  and  brief  classification: 

(  Catarrhal. 
Sigmoiditis    .  .  .  .  ^  Ulcerative. 
(  Interstitial. 

(  Primary. 
Perisigmoiditis   .  .  .  .  -|  Associated  with  Diverticula. 
[  Secondary. 

Catarrhal  Sigmoiditis. — Catarrhal  sigmoiditis  is  frequently  a  part  of  a  gen- 
eral enteritis  or  proctitis,  and  yet  it  is  more  often  than  otherwise  the  begin- 
ning point  of  such  an  inflammation.  It  occurs  in  both  an  acute  and  a  chronic 
form.  It  attacks  the  sigmoid  more  frequently  than  any  other  part  of  the 
lower  bowel  because  the  fecal  matter  is  more  frequently  arrested  here,  and  it 
remains  in  this  part  longer  tlian  in  any  other  portion  of  the  canal. 

Acute  Catarrhal  Sigmoiditis. — The  acute  disease  usually  follows  a  period  of 
constipation  or  dissipation  in  diet.  The  symptoms  are:  some  loss  of  appe- 
tite, flatulence,  and  at  first  a  flatness  on  percussion  over  the  left  iliac  region, 
together  with  a  certain  amount  of  pain  at  this  point;  then  the  pain  becomes 
more  severe  and  is  of  a  griping  character,  and  there  is  a  frequent  desire  to  go 
to  stool;  the  passages  consist  at  first  of  hard  or  lumpy  fecal  matter,  but  they 
soon  assmne  a  watery  character,  and  eventually  contain  mucus,  with  or  with- 
out blood;  usually  there  is  some  elevation  of  temperature,  and  the  pulse  beats 
at  a  more  rapid  rate  than  normal.  The  inflammation  subsides  after  a  re- 
stricted diet  and  the  administration  of  saline  laxatives,  and  leaves  no  sequelae 
of  importance. 

These  attacks  are  usually  of  so  short  duration,  and  they  are  so  easily  man- 
aged by  the  general  practitioner,  that  they  rarely  come  under  the  observation 
of  the  specialist.  The  wTiter,  however,  has  seen  one  case  in  which  he  was  able 
to  make  a  proctological  examination  during  the  acute  stage.  The  examina- 
tion was  made  on  October  10th,  1906,  twenty-four  hours  after  the  attack  began. 
The  record  reads:  "Temperature,  99.2°  F.;  pulse,  80;  tongue  rough;  tender- 
ness over  the  left  iliac  and  the  suprapubic  regions;  percussion  gives  a  slightly 
tympanitic  sound;  anus  is  tender  to  the  touch,  but  not  abraded;  the  rectum 
is  normal,  except  for  the  presence  of  a  little  glairy  mucus  at  its  lower  segment ; 
the  mucous  membrane  of  the  sigmoid  flexure  and  of  the  region  where  it  joins 
the  rectum  shows  increased  redness,  while  that  higher  up  is  flery  red  and  cov- 
ered, in  places,  with  a  grayish,  sprue-like  deposit  in  a  bed  of  mucus.  Although 
certain  parts  are  redder  than  others  and  swollen,  the  rugse  being  obliterated,  I 
am  unable  to  make  out  any  ulcerations.     An  examination  of  the  stool  shov»^s 

*Catz:  Gazette  des  Hopitaux,  No.  10,  1907,  Paris. — Patel:  Reviie  de  chirurgie,  Oct.  and 
Dec,  1907,  Paris. 
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no  amoebffi  or  bacilli  dysentcricT."  Under  local  applications  and  saline  laxa- 
tives and  regulated  diet  the  symptoms  disappeared  in  about  four  days,  and  the 
mucous  membrane  assumed  its  normal  appearance.  Tenderness  over  the  left 
iUac  fossa  persisted  for  a  week  or  more. 

The  attacks  may  be  much  more  severe  than  that  described  above  would 
indicate.  For  example,  the  patient  is  sometimes  seized  with  a  severe  pain. 
In  my  experience  this  is  more  often  a  dull  aching  sensation,  which  extends 
through  to  the  back,  than  the  acute  agony  of  which  Catz  and  Lejars  speak. 
The  tongue  becomes  coated  and  red  upon  the  tip  and  edges;  the  complexion  is 
muddy;  the  temperature  is  elevated  and  the  pulse  is  very  rapid;  the  patient 
is  stupid,  or  mentally  heavy;  he  finds  the  erect  posture  very  uncomfortable; 
and  palpation  shows  a  state  of  tension  of  the  left  rectus  muscle,  and  the 
presence  of  a  mass  or  tumor  in  the  left  iliac  fossa,  with  more  or  less  tenderness 
on  deep  pressure.  Digital  examination  of  the  rectum  itself  reveals  nothing, 
beyond  the  fact  that  the  organ  is  generally  ballooned.  Above  and  in  front, 
one  can  usually  feel,  through  the  rectal  wall,  a  bosselated  mass  which  gives  one 
the  impression  of  a  neoplasm  in  the  pelvis.  The  proctoscope,  in  such  cases, 
usually  demonstrates  the  existence  of  an  angulation  of  the  sigmoid,  abovft 
which  point  there  has  been  arrested  a  mass  of  hard,  lumpy,  fecal  matter. 
Such  cases  have  been  operated  on  for  tumor  of  the  uterus  or  its  adnexa,  and 
it  was  on  this  account  that  Segond  warned  the  French  surgeons  not  to  be  too 
hasty  in  applying  the  bistoury  to  swellings  in  the  left  inguinal  fossa. 

The  cause  of  sigmoiditis,  in  these  cases,  is  the  arrest  of  putrid,  infectious 
fecal  matter  in  the  sigmoid,  and  its  absorption  through  some  traumatism  or 
abrasion  of  the  mucous  membrane  at>  this  point.  These  patients  may  even 
have  diarrhoea,  notwithstanding  the  fact  that  the  mass  remains  lodged  in  the 
sigmoid  flexure;  the  current,  under  these  circumstances,  passes  around  or 
through  the  centre  of  the  mass.  The  only  way  in  which  the  condition  may  be 
accurately  diagnosed  is  by  means  of  a  local  examination  with  the  pneumatic 
proctoscope.  One  can  readily  understand  how  such  conditions  as  these  may 
lead  to  ulceration  of  the  sigmoid,  and  also  how,  by  recurring  from  time  to  time, 
they  may  cause  a  chronic  catarrhal  condition,  with  plastic  exudation  and  thick- 
ening of  the  wall  of  the  bowel  which  will  lead  to  a  diminution  of  its  caHbre  and 
to  organic  stricture. 

Treatment. — The  treatment  of  acute  types  of  sigmoiditis  consists  in  clean- 
ing out  the  bowel  by  irrigations  until  the  sigmoid  is  empty,  and  in  adminis- 
tering afterward  saline  laxatives.  The  food  should  be  limited  as  to  quantity 
and  should  be  restricted  to  white  meats,  rice,  eggs,  broths,  milk  in  limited 
quantities,  oil,  toasted  bread,  coffee,  and  tea.  Ice  bags  should  be  applied  over 
the  left  inguinal  region.  Hydrogen  dioxide,  as  mentioned  by  Cook  and  others, 
is  the  best  solvent  of  the  fecal  mass.  After  the  latter  has  been  removed,  the 
bowels  should  1:)e  irrigated  with  a  mild  antiseptic  and  astringent  solution. 

Chronic  Catarrhal  Sigmoiditis. — Chronic  catarrhal  sigmoiditis  may  result 
from  acute  sigmoiditis,  or  it  may  be  part  of  a  general  catarrhal  enteritis  or 
proctitis,  coming  on  in  an  insidious  manner  and  without  a  well-defined  history. 
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Pati(>iiis  suffering  fn)iii  this  aft'cction  may  have  iiioiv  or  less  regular  niovements 
of  the  bowel,  but  the  stools  are  hard  and  luin!)y,  and  surrounded  by  mucus. 
If  the  rectum  and  sigmoid  are  examined  after  stool,  one  will  find  these  hard 
lumps  arrested  in  the  saccules  or  flexures  of  the  sigmoid.  In  some  cases  a 
channel  is  bon^d  through  the  centre  of  a  hard  fecal  mass,  and  through  this  the 
liquid  feces  pass  while  the  main  mass  remains  adherent  to  the  intestinal  wdW. 

In  these  cases  there  is  more  or  less  dulness  on  jicrcussion  in  the  iliac  region; 
the  left  rectus  muscle  is  tense;  there  are  flatulence  and  loss  of  appetite;  the 
complexion  is  muddy,  sometimes  of  a  jaundiced  hue;  and  often  there  is  a 
periodical  discharge  of  mucus,  resembling  the  discharge  observed  in  a  crisis  of 
mucous  colitis.  Trastour,  who  has  well  described  the  mental  condition  accom- 
panying this  disorder,  believes  that  the  disease  is  one  of  the  chief  causes  of 
melancholia.  In  two  of  the  writer's  cases,  in  which  there  was  acute  mania 
associated  with  delusions,  the  mental  disorder  suljsided  in  a  few  days^  and  the 
patients  entirely  recovered,  after  the  removal  of  an  impacted  mass  of  feces 
from  the  sigmoid.  A  local  examination  made  in  these  cases  shows  the  follow- 
ing conditions:  a  pale  mucous  membrane  throughout  the  rectum  and  sigmoid; 
both  organs  dilated  or  sacculated;  the  sigmoid  is  either  blocked  by  one  large 
fecal  mass,  or  at  least  it  contains,  in  its  saccules,  a  nmnber  of  lumps  coated 
with  mucus:  there  are  usually  small  ulcers  or  abrasions,  due  to  the  pressure  of 
the  hard  fecal  masses ;  and  the  walls  of  the  bowel  are  coated  with  thick  mucus, 
w^hich,  after  it  has  been  allowed  to  remain  undisturbed  for  a  little  while,  is  dis- 
charged in  masses,  often  spoken  of  as  membranes.  While  this  form  of  mucous 
colitis  may  be  brought  about  by  many  other  causes,  it  is  a  fact  that  they  all 
act  through  the  production  of  fecal  stasis,  irritation  or  traumatism  of  the 
mucous  membrane,  infection  and  toxaemia.  The  arrest  of  the  feces  does  not 
always  occur  in  the  sigmoid,  but  it  takes  place  more  often  in  that  part  of  the 
bowel  than  elsewhere. 

Treatment. — The  treatment  of  chronic  catarrhal  sigmoiditis  resolves  itself 
into  the  removal  of  the  cause  of  the  fecal  stasis,  and  the  adoption  of  those 
measures  (already  enumerated  on  pages  788  et  seq.)  ^vhich  are  calculated  to 
allay  the  catarrhal  affection. 

Interstitial  Sigmoiditis. — From  the  foregoing  paragraphs  one  might  assume 
that  fecal  matters  alone  compose  the  tumoi-s  or  swellings  which  are  felt  in  these 
cases.  These  swellings,  however,  do  not  entirely  disappear  after  the  fecal  mass 
has  been  removed.  There  remains  a  small  sausage-shaped  swelling  in  the 
lower  part  of  the  abdomen,  either  on  the  left  side  or  just  above  the  pubes.  It 
can  be  easily  felt  and  may  persist  for  many  months  after  the  attack.  Gradu- 
ally, however,  it  disappears,  and  the  patient  usually  resumes  his  average  con- 
dition of  health;  but  the  attack  may  recur.  Aporti  has  watched  one  case 
through  three  distinct  attacks.  There  resulted,  after  these  recurring  attacks, 
a  loss  of  suppleness,  a  thickening,  and  an  infiltration  of  the  bowel.  Catz  de- 
scribes these  changes  as  constituting  a  chronic  perisigmoiditis.  The  inflam- 
mation, how'Cver,  involves  the  entire  thickness  of  the  wall  of  the  bowel,  and  is 
associated  with  a  plastic  deposit  upon,  or  thickening  of,  the  muscular  and 


934  AMERICAN  PRACTICE   OF  SURGERY. 

peritoneal  portions.  It  is  an  interstitial  inflammation.  x\s  Catz  says,  it  may 
follow  an  acute  sigmoiditis,  but  usually  it  develops  in  an  insidious  manner  and 
manifests  itself  in  the  form  of  chronic  obstipation,  with  autotoxsemia.  There 
is  obstinate  constipation.  When  the  fecal  mass  is  solid  it  is  usually  oval,  flat, 
or  misshapen,  and  contains  pus  and  blood.  As  a  rule,  the  blood  is  mixed  with 
fecal  matter,  but  sometimes  it  is  bright  red  and  is  discharged  separately  from 
the  feces.  There  is  more  or  less  pain  in  the  pelvic  and  sacral  regions,  and  the 
pain  is  increased  when  a  fecal  passage  takes  place.  There  is  a  slight  rise  of 
temperature  and  an  increase  in  the  pulse-rate,  due  to  the  peritoneal  inflamma- 
tion and  the  absorption  of  toxic  matters.  Palpation  gives  one  the  sensation 
of  a  sausage-shaped  tumor,  which  is  felt  in  the  left  iliac  region  or,  in  fact,  in 
any  part  of  the  abdominal  cavity.  This  tumor  is  sometimes  smooth  or  it  may 
be  nodular,  the  nodules  being  small  diverticula  or  hernias  of  the  mucous  mem- 
brane, which  extend  into  and  inflame  the  appendices  epiploicse.  The  condi- 
tion may  easily  be  mistaken  for  carcinoma  of  the  sigmoid.  The  sigmoidoscope 
gives  very  little  information  beyond  the  fact  that  the  walls  of  the  bowel  are 
stiff,  inelastic,  and  painful  upon  pressure,  and  they  do  not  dilate  under  atmos- 
pheric or  artificial  pressure.  The  calibre  of  the  bowel  appears  to  be  free  from 
any  protrusion  such  as  would  suggest  the  presence  of  something  growing  out 
from  the  mucous  or  subnmcous  coat;  nor  can  there  be  seen  any  cicatricial  tissue, 
such  as  would  suggest  syphilitic  involvement.  Nevertheless,  the  condition 
has  been  mistaken  for  scirrhous  cancer  of  the  sigmoid. 

Treatment.— The  treatment  of  this  type  of  intestinal  inflammation  is  essen- 
tially surgical.  If  one  can  be  positively  sure  that  a  malignant  growth  is  not 
present,  palliative  treatment  might  be  justified;  but  when  one  reahzes  how 
serious  a  matter  delay,  under  such  circumstances,  may  be,  neither  the  surgeon 
nor  the  patient  can  afford  to  temporize.  When,  therefore,  a  tumor  of  this 
type  is  discovered,  even  though  there  be  a  history  of  chronic  sigmoiditis,  ex- 
ploratory laparotomy  should  be  done  at  once,  in  order  that  the  nature  of  this 
tumor  may  be  ascertained.  If  it  proves  to  be  of  a  benign  character,  the  de- 
cision as  to  what  shall  be  done  with  it  will  depend  upon  the  condition  of  the 
parts.  It  ma}^  seem  necessary,  for  example,  to  remove  the  mass  in  its  entirety 
or  else  to  establish  an  artificial  anus.  Tlien,  on  the  other  hand,  the  condition 
of  the  parts  may  be  such  that  one  may  feel  warranted  in  not  disturbing  the 
continuity  of  the  intestinal  tract;  the  hope  being  entertained  that  nature  will 
bring  about  a  cure  through  absorption. 

Perisigmoiditis;  Diverticulitis. — Perisigmoiditis  and  diverticulitis  are  de- 
scribed as  one  because  they  are  pathologically  of  the  same  nature,  notwith- 
standing the  fact  that  diverticula  may  occur  in  other  portions  of  the  large  in- 
testine as  well  as  in  the  sigmoid.  Perisigmoiditis,  as  the  name  would  imply, 
consists  in  an  inflammation  around,  or  upon  the  outside  of,  the  sigmoid  flex- 
ure     It  may  be  primary  or  secondary,  and  may,  or  may  not,  suppurate. 

Primary  perisigmoiditis  has  its  origin  in  the  sigmoid  itself.  It  may  be 
caused  in  a  variety  of  ways:  by  an  ulceration  which  perforates  the  muscular 
wall  of  the  bowel;   by  a  foreign  body  which  produces  either  a  simple  trauma- 
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tism  or  an  actual  puncture;  by  a  follicular  inflammation;  or  by  the  spread  of 
inflammation  from  a  diverticulum  in  which  fecal  matter  has  become  tightly 
lodged,  and  the  mouth  of  which  has  subsequently  been  sealed  by  oedema  of 
the  adjacent  mucous  membrane.  Byron  Robinson  (Medical  Standard,  August, 
1907)  holds  that  the  perisigmoidal  inflammation  may  be  caused  by  a 
traumatism  produced  by  the  iliac  and  psoas  muscles.  He  states  that,  under 
strong  exercise,  the  muscle,  in  contracting,  pounds  upon  the  wall  of  the  bowel, 
crushes  it  against  the  hard  fecal  mass  within,  and  sets  up  an  irritation  in,  or 
causes  an  actual  abrasion  of,  both  the  peritoneal  and  the  mucous  surfaces. 
The  writer  has  much  respect  for  this  ingenious  theory.  He  has  frequently 
seen  such  a  perisigmoiditis  follow  horseback  and  bicycle  riding  and  strenuous 
exercise  in  the  field.  The  inflanmiation  usually  confines  itself  to  the  bowel 
or  its  mesentery,  but  it  may  extend  to  adjacent  organs,  causing  adhesions  and 
hmitation  of  motion.  It  may  remain  stationary  or  the  inflamed  tissues  may 
become  infected  and  suppuration  follow.  "Where  no  infection  or  suppuration 
takes  place  the  attack  will  proceed  as  one  of  local  peritonitis;  the  symptoms 
subsichng  under  phj^siological  rest.  Wlien  infection  takes  place,  however, 
there  will  be  all  the  symptoms  of  suppurative  perisigmoiditis — an  inflammation 
which  is  often  taken  for  left-sided  appendicitis.  Except  for  the  fact  that  this 
inflammation  usually  occurs  on  the  left  side,  the  resemblance  to  appendicitis 
is  very  close. 

Mayo  ("American  Surgery  '')  and  Brewer  {Journ.  Amer.  Medical  Association, 
Oct.,  1907)  have  each  reported  a  niunber  of  cases  of  tmiior  and  of  abscess 
wiiich  occurred  on  the  left  side  and  which  at  first  presented  symptoms 
either  of  a  left-sided  appendicitis  or  of  a  tumor  of  the  sigmoid,  but  which, 
upon  operation,  turned  out  to  be  instances  of  perisigmoiditis  due  to  inflam- 
mation in  the  diverticula  or  the  appendices  epiploicee.  Sidney  Jones,  Loomis, 
Patel,  Catz,  von  Eiselberg,  and  others  have  published  accounts  of  similar 
cases.  Recently  Dr.  Cullen,  who  has  collected  reports  of  one  hundred  and  five 
clinical  eases  of  all  varieties  of  this  disease  pubhshed  up  to  date,  gives,  in  the 
London  Lancet,  an  interesting  re\'iew  of  the  instances  of  perisigmoiditis,  both 
suppurating  and  non-suppurating,  said  to  be  due  to  inflanmiation  in  the 
diverticula.  Graser  claims  that  these  infections  occur  entirely  through  rup- 
ture of  the  diverticula  into  the  meso-sigmoid.  Inasmuch  as  these  abscesses 
have  been  found  in  all  parts  of  the  circumference  of  the  bowel,  this  ^dew  can- 
not be  taken  unreservedly.  It  is  a  fact,  however,  that  most  of  the  perforations 
occur  in  places  where  the  intestines  are  covered  by  cellular  tissue,  such 
as  the  meso-sigmoid  or  the  epiploicse.  In  cases  in  which  the  parts  have  been 
laid  bare  by  an  incision  before  suppuration  occurred,  the  tumors  have 
nearly  all  been  found  to  be  located  in  the  meso-sigmoid,  to  be  of  an  inflam- 
matory nature,  and  to  have  been  caused  by  leakage  from  the  bowel  through 
minute  diverticula.  All  the  authors  are  agreed  as  to  one  point,  viz.,  that  con- 
stipation and  fecal  stasis  in  the  sigmoid  precede  inflammations  of  this  character. 

Suppurating  Perisigmoiditis. — Suppurating  perisigmoiditis  comes  on  as  an 
acute  sigmoiditis.    The  symptoms  and  signs  are  as  follows:   There  is  always 
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tension  of  the  left  rectus  muscle;  a  history  of  constipation  is  given;  there  is 
a  tumor  in  the  abdomen,  usually  in  the  left  iliac  region,  but  it  may  be  in  the 
right,  and  it  may  be  located  as  high  up  as  the  umbilicus;  at  first,  the  tumor 
is  movable,  but  it  soon  becomes  fixed;  there  is  usually  a  history  of  chill,  but 
this  may  be  somewhat  indefinite;  if  the  abscess  is  uj)on  the  convex  wall  of  the 
bowel,  there  will  be  dulness  upon  percussion,  but,  if  it  is  in  the  mesentery  and 
the  bowel  comes  between  it  and  the  abdominal  wall,  there  may  be  tympa- 
nites; the  temperature  is  likely  to  be  very  high,  and  the  pulse-rate  soon  be- 
comes rapid,  just  as  in  appendicitis;  leucocytosis  is  present,  although  it  does 
not  always  mean  the  presence  of  pus,  for  it  often  exists  as  a  result  of  intes- 
tinal stasis.  Digital  and  instrumental  examination  of  the  rectum  and  sigmoid 
reveals  very  Uttle.  Catz  says  that  the  abscess  may  be  absorbed,  and  the 
writer  has  seen  one  case  in  which  this  took  place.  The  abscess  may  be  encap- 
sulated, but  eventually  it  opens  into  the  bowel,  upon  the  skin,  or  into  the 
peritoneal  cavity.  The  writer  has  seen  two  cases  in  which  the  abscess  opened 
into  the  sigmoid  flexure,  then  refilled,  and  finally  opened  again.  In  one  of  these 
cases  he  was  able  to  pass  a  uterine  probe  into  the  abscess  ca\aty  in  the  meso- 
sigmoid.  The  two  patients  were  comfortable  so  long  as  the  abscesses  discharged 
freely,  and  on  this  account  operation  was  never  urged.  Nearly  all  of  the  cases 
in  which  the  abscess  has  opened  through  the  abdominal  wall,  or  into  the  sig- 
moid, have  done  v;ell.  Several  instances  have  been  reported  in  which  there 
were  adhesions  between  the  diverticula  and  the  bladder;  the  ultimate  result 
in  these  cases  being  an  entero-vesical  fistula.  The  writer  has  never  seen  any 
cases  of  this  nature,  but  he  believes  that  they  all  terminate  fatally. 

Treatment. — The  treatment  of  these  cases  depends  entirely  upon  the  fact 
whether  or  not  the  presence  of  pus  has  been  estabhshed.  ^Miere  no  infection 
has  occurred  the  palliative  treatment  is  often  successfid.  The  VNiiter  has  tmce 
seen  a  large  tumor  in  the  left  ihac  fossa,  e^'idently  of  perisigmoidal  origin,  dis- 
appear under  rest  and  local  apphcations.  In  deahng  with  this  condition,  one 
should  always  remember  Segond's  axiom:  ''Never  be  in  a  hurry  to  incise  a 
swelling  in  the  left  ihac  fossa."  And  yet,  while  remembering  this,  one  should 
not  take  the  chance  of  letting  an  abscess  burst  into  the  peritoneal  ca\dty,  when 
such  e\'idences  of  pus  as  chills,  night-sweats,  high  temperature,  and  marked 
leucocj'tosis  are  present.  The  abdomen  should  be  opened  vdth  aseptic  pre- 
cautions, and,  if  it  be  found  that  suppuration  has  not  taken  place,  then  the 
wound  may  be  closed  with  no  fear  of  harmful  results.  Some  have  urged  that 
one  should  wait  until  the  abscess  shall  have  become  adherent  to  the  abdominal 
wall  and  then  should  make  an  extraperitoneal  opening.  Such  ad^dce  is  mis- 
leading, because,  if  the  abscess  is  on  the  meso-sigmoid,  it  will  never  reach  the 
mural  peritoneum,  and  one  will  therefore  always  have  to  pass  through  the 
free  peritoneal  cavity  in  order  to  open  it.  When  the  evidences  that  pus  has 
formed  are  not  convincing,  one  should  first  apply  ice  and  then  creolin  poultices. 
At  the  same  time  the  patient  should  rest  in  bed  and  shoidd  be  kept  on  a  limited 
but  mixed  diet.  The  sigmoid  should  also  be  irrigated  regularly.  If,  when  the 
abdomen  is  opened,  it  is  found  that  the  inflammation  is  confined  to  one  of  the 


SURGICAL   DISEASES   OF   THE   ANUS  AND   RECTUM.        937 

appendices  epii)loicie,  the  inflamed  mass  may  be  ligatured  and  excised,  the  base 
being  burned  off  or  invaginatcd,  just  as  is  done  in  apixMuHcostomy. 

Secondary  Perisigmoiditis. — The  sigmoitl,  l)y  reason  of  its  mobility,  is  at 
one  time  or  another  in  close  relation  with  ever}'  organ  in  th(>  abdominal  cavity. 
It  is  therefore  possible  for  it  to  become  involved  in  an  inflammatory  process 
affecting  some  one  of  these  organs,  such  involvement  constituting  what  we 
have  denominated  as  secondary  perisigmoiditis.  Byron  Robinson,  in  the 
excellent  article  already  referred  to,  says  that  the  sigmoid  is  in  close  relation 
to  the  appendix  in  at  least  forty-eight  per  cent  of  women,  and  in  thirty-eight 
per  cent  of  men.  It  is  in  touch  with  the  uterus  and  its  appendages  in  nearly 
eveiy  woman.  How  easy,  then,  for  an  inflammation  of  one  of  the  abdominal 
organs  to  extend  to  the  sigmoid,  and  for  adhesions  to  form  between  the  two, 
or  for  a  discharge  to  pass  from  one  to  the  other.  Abscesses  of  the  ovary  and 
Fallopian  tube,  of  whatever  type,  have  been  known,  not  only  to  adhere  to  the 
sigmoid,  but  to  rupture  into  this  organ.  Byron  Robinson  reports  one  case  in 
wliich  there  were  three  separate  openings  into  the  sigmoid  from  an  abscess  of 
one  of  the  tubes.  He  claims  that  many  deaths  are  caused  by  the  accidental 
opening  of  one  of  these  fistulous  tracts  during  the  coui-se  of  an  operation  upon 
the  uterine  adnexa,  and  hj  the  neglect  of  the  operator  to  close  the  aperture 
into  the  sigmoid.  In  the  course  of  my  operative  work  I  have  detached  the  sig- 
moid from  every  organ  in  the  pehic  and  abdominal  cavities  except  the  li^Tr, 
pancreas,  and  right  kidney. 

Treatment. — The  treatment  of  these  conditions  resolves  itself  into  the  treat- 
ment of  the  source  of  inflammation.  At  the  same  tune,  while  one  is  engaged 
in  relie^dng  these  abnoniial  conditions  of  certain  abdominal  organs,  it  is  im- 
portant to  take  into  account  the  condition  of  the  sigmoid,  and  to  repair  any 
openings  that  may  have  been  made  by  cutting  across  fistulous  tracts  or  by 
tearing  through  ulcerating  abscesses. 

XVI.   COLOSTOMY. 

The  temi  ''colostomy,"  which  is  derived  from  two  Greek  words  (zoAov, 
colon;  (TTufia,  opening),  is  used  to  describe  the  operation  of  making  an  open- 
ing into  the  colon  through  the  abdominal  wall,  this  opening  being  intended  to 
serve  as  an  artificial  anus.  Tliis  opening  may  be  made  either  temporary  or 
pennanent.  The  procedure  has  for  its  object  either  to  overcome  some  ob- 
struction in  the  bowel  below  this  point  or  to  give  functional  rest  and  thus  to 
relieve  the  diseased  portion  from  the  irritating  effects  of  a  constant  flow  of 
fecal  matter  over  the  part.  It  also  serves  as  a  useful  preliminary  to  extirpa- 
tion of  the  rectum,  in  cases  of  imperforate  anus  and  in  compHcated  fistuLie  be- 
tween the  bowel  and  uro-genital  organs.  The  permanent  artificial  anus  is 
required  in  cases  of  inoperable  stricture  or  of  neoplasm  of  the  bowel  below  this 
point,  and  it  is  also  a  necessary  adjunct  in  operations  for  resection  or  excision 
of  the  rectmn  or  sigmoid,  where  it  is  impossible  or  impracticable  to  re-estab- 
Hsh  the  continuity  of  the  intestinal  tract. 
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Since  the  introduction  (by  Schede,  in  1887)  of  colostomy  as  a  means  of 
temporary  relief,  it  has  been  the  effort  of  surgeons  to  establish  a  method  by 
which  the  operation  could  be  done  in  such  a  manner  that  the  opening  might 
be  easily  and  safely  closed  after  it  had  served  its  purpose.  Thanks  to  their 
efforts  this  can  now  be  accomplished  without  opening  the  peritoneal  cavity  or 
resecting  any  portion  of  the  bowel.  The  term  colostomy  should  not  be  re- 
stricted, by  a  prefix,  to  any  special  part  of  the  abdominal  wall,  inasmuch  as 
it  becomes  necessary,  in  various  conditions,  to  open  the  colon  at  different 
localities.  It  is  therefore  best  to  speak  of  the  operation  which  is  almost  uni- 
versally done  at  the  present  time,  as  abdominal  colostomy — in  contradistinc- 
tion to  the  lumbar  method,  which  is  now  almost  obsolete.  Lumbar  colostomy, 
however,  still  has  a  sufficient  field  of  usefulness  to  merit  description.  It  is 
applicable,  for  example,  in  incurable  diseases  of  the  sigmoid  and  descending 
colon,  in  which  the  usual  opening  in  the  inguinal  region  would  be  below  the 
site  of  the  disease,  and  also  in  cases  in  which  the  intestines  are  greatly  dis- 
tended— i.e.,  in  cases  in  which  it  would  be  much  easier  to  find  and  open  the 
colon  in  the  lumbar  region  than  at  some  other  part  of  the  abdomen. 

The  immediate  danger  from  colostomy,  no  matter  what  may  be  the  route 
adopted,  is,  in  properly  selected  cases  and  under  the  proper  antiseptic  precau- 
tions, very  shght. 

Lumbar  Colostomy. — The  patient  is  laid  upon  his  right  side  and  a  firm  pil- 
low is  placed  under  the  loin  in  order  to  make  the  flank  prominent.  The  patient 
is  then  turned  partially  on  his  face,  thus  making  it  possible  to  feel  the  anterior 
border  of  the  quadratus  lumborum  distinctly.  An  incision  is  made  just  below 
the  border  of  the  last  rib  and  one  inch  and  a  half  back  of  the  anterior  superior 
spine.  This  incision  should  extend  downward  and  forward  a  distance  of  about 
five  inches,  and  in  a  direction  parallel  \^1th  the  crest  of  the  ilium.  The  fibres  of 
the  muscular  layers  should  be  separated  and  not  incised,  and  they  should  be 
held  back  by  retractors.  Before  the  trans verealis  fascia  is  divided,  all  bleed- 
ing vessels  should  be  ligated.  The  external  border  of  the  quadratus  Imnborima 
wall  be  exposed  through  the  transversalis  fascia.  After  passing  through  the 
latter  the  operator  comes  upon  the  bed  of  subserous  fat,  in  which  the  kidney 
is  embedded,  and  in  front  of  which  lies  the  colon.  Blunt  dissection  should  now 
be  used  to  avoid  wounding  the  ureter,  which  may  be  abnomially  placed  in  this 
fat.  ^Vhether  the  colon  can  or  cannot  be  reached  without  entering  the  peri- 
toneal cavity,  depends  upon  the  length  of  the  mesentery. 

When  the  colon  is  exposed, — in  a  case,  for  example,  in  which  its  mesentery 
is  short, — the  first  step  consists  in  drawdng  the  bowel  out  at  least  as  far  as  to 
the  surface  of  the  wound  and  holding  it  there  while  the  latter  is  packed  with. 
gauze.  Then  a  silk  ligature  is  passed  first  through  the  skin,  then  through  the 
bowel,  and  finally  through  the  skin  on  the  opposite  side  of  the  wound.  These 
sutures  should  be  introduced  at  intervals  of  half  an  inch  throughout  the  extent 
of  the  wound.  The  intestine  should  now  be  incised  longitudinally,  and  the 
loops  of  the  sutures  that  had  been  passed  through  the  walls  of  the  bowel  are 
caught,  drawn  out  through  the  wound,  and  cut  in  the  middle,  the  ends  being  tied 


SURGICAL   DISEASES   OF  THE   ANUS   AND   RECTUM.        939 

to  those  which  have  been  passed  through  the  skin  on  each  side.  After  the  gas 
and  feces  have  passed  through  the  opening,  the  wound  in  the  skin  should  be 
thoroughly  cleansed  and  the  edges  of  the  intestinal  wound  and  skin  should  be 
approximated  and  neatly  sutured  by  interrui)ted  sutures  all  around.  The  sur- 
rounding skin  should  then  be  smeared  with  sojne  adliesive  ointment  to  protect 
it  from  the  fecal  discharge.  The  stitches  may  be  removed  on  or  about  the  sixth 
day,  and  the  patient  allowed  to  sit  up  on  the  tenth  day. 

In  order  to  provide  a  spur  which  shall  prevent  the  escape  of  fecal  matter 
into  the  lower  segment,  the  posterior  wall  of  the  colon  may  be  pulled  well  for- 
ward, in  the  wound,  before  it  is  stitched  to  the  edges  of  the  skin.  A  silver- wire 
suture  is  first  passed  through  the  skin  and  then  beneath  the  bowel  and  out 
through  the  skin  on  the  opposite  side.  The  wire  is  then  drawn  taut  and  fast- 
ened to  shields  on  each  side. 

In  a  case  in  which  the  mesentery  is  abnoraially  long  and  the  colon  cannot 
be  reached  without  entering  the  peritoneal  cav-ity,  it  is  best  to  draw  the  colon 
out  of  the  wound,  and  fix  it  in  that  position  by  a  glass  rod  passing  under  it  and 
from  one  side  of  the  wound  to  the  other.  AMien  this  has  been  done,  it  will  not 
be  necessary  to  open  the  bowel  for  some  hours. 

Inguinal  or  Abdominal  Colostomy.— The  advantages  of  the  inguinal  or 
abdominal  over  the  lumbar  route  are  these :  the  operation  is  much  more  easily 
and  quickly  done;  there  is  less  danger  of  infecting  the  wound,  because  it  is 
much  more  shallow;  it  affords  an  opportunity  for  exploring  the  abdominal 
ca\dty ;  an  outlet  in  this  locality  is  more  convenient  for  the  patient :  the  open- 
ing is  much  easier  to  close;  and  the  mortality  is  much  less.  For  these  reasons 
abdominal  colostomy  is  now  employed  almost  exclusively,  except  in  the  in- 
stances mentioned  above.  Recenth^  it  has  been  adopted  as  a  preliminary 
measure  in  extensive  operations  on  the  lower  portion  of  the  intestinal  canal. 
WTien  it  is  done  as  a  temporary  measure,  special  care  should  be  taken  to  perform 
the  operation  in  ^ch  a  manner  that  the  opening  can  be  closed  with  the  least 
possible  danger  to  the  patient  and  in  the  most  successful  manner. 

Abdominal  colostomy,  as  already  intimated,  may  be  done  either  as  a  tem- 
porary^ measure  or  for  the  purpose  of  pro  Adding  a  pemianenl  artifical  anus. 
As  a  temporary"  measure  the  operation  is  performed  for  the  purpose  of  provichng 
an  outlet  for  fecal  matter  while  the  lower  portion  of  the  bowel  is  imdergoing 
surgical  or  medicinal  treatment,  and  also  in  cases  in  which  it  is  possible  to  re- 
establish the  nomial  fecal  canal ;  it  is  perfomied  for  the  puriDose  of  estabhshing 
a  permanent  artificial  anus  when  the  disease  in  the  bowel  below  is  incurable  or 
w^hen  it  is  impossible,  after  an  operation  for  excision  or  resection,  to  restore  the 
normal  canal. 

Temporary  CoZostom?/.— Temporary  colostomy  is  done  for  the  pmpose  of 
turning  aside  the  fecal  current  while  treatment  or  some  operative  measure  is 
being  carried  out  on  the  intestinal  tract  below.  The  site  at  which  the  opening 
is  made  depends  upon  the  location  of  the  disease  and  also  upon  the  treatment 
that  is  to  be  adopted.  Thus  it  may  become  ad\isable  to  vaiy  the  location  of 
the  opening  from  the  caecum  to  the  upper  two-thirds  of  the  sigmoid. 
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Technique  of  the  Operation. — Several  different  procedures  have  been  recom- 
mended for  the  performance  of  the  operation.  In  one  of  these,  for  example, 
special  importance  has  been  attached  to  the  formation  of  an  efficient  spur;  in 
another,  great  stress  is  laid  upon  the  necessity  of  preventing  prolapse  of  the 
mucous  membrane;  and  in  a  third,  the  operator  is  specially  urged  to  construct 
the  artificial  anus  in  such  a  manner  that  later  it  may  be  easily  closed.  Instead 
of  giving  a  detailed  account  of  these  different  methods,  we  shall  try  to  combine, 
in  one  general  description,  the  specially  good  points  of  each. 

The  preparation  of  the  patient,  for  each  of  the  different  methods  of  colostomy, 
is  the  same  as  for  any  other  case  of  laparotomy.  The  location  of  the  incision 
will  be  determined  by  the  conditions  to  be  met,  but  the  left  inguinal  region 
will  meet  the  large  majority  of  such  indications,  and  it  is  therefore  the  site 
usually  selected.  We  will  pass  over  the  customary  details  which  are  familiar 
to  all  operators  and  which  are  recognized  by  them  as  essential  points  in  the 
operation,  and  we  will  take  up  the  consideration  of  some  recent  recommendations 
for  the  correction  of  what  have  generally  been  recognized  as  defects  or  short- 
comings in  the  operation  as  it  has  been  performed  in  the  past.  Such  are,  for 
example,  the  formation  of  the  spur  between  the  two  legs  of  the  loop  of  the  colon 
that  is  brought  to  the  surface;  the  production  of  an  artificial  anus  that  will 
give  the  greatest  amount  of  fecal  continence;  the  proper  method  for  securing 
fixation  of  the  bowel ;  the  best  way  of  doing  a  temporary  colostomy  and  the  best 
manner  of  closing  the  opening;  the  steps  required  for  preventing  prolapse  of 
the  mucous  membrane;  and  the  proper  time  and  method  of  opening  the  bowel. 

As  regards  the  fixation  of  the  bowel,  Reclus  first  showed  that  it  is  unnecessary 
to  suture  the  parietal  peritoneum  to  the  edges  of  the  wound  in  the  skin,  a  step 
which  had  up  to  that  time  been  considered  necessary  for  securing  union  between 
the  edges  of  the  wound  and  the  bowel ;  and  this  has  been  verified  by  a  number 
of  different  operators. 

For  making  an  acute  spur  the  Maydl-Reclus  method  appears  to  us  to  be  the 
simplest  and  most  efficient.  It  consists  in  drawing  the  loop  of  the  colon  out 
through  the  wound, -and,  after  pulhng  the  bowel  down  from  above  until  it  is 
taut,  making  a  small  incision  in  the  mesentery,  care  being  taken  to  avoid  blood- 
vessels. Then,  through  the  opening  thus  made,  a  glass  or  vulcanized  rubber 
rod,  about  five  inches  in  length,  is  passed  and  its  ends  are  made  to  rest  on  each 
side  of  the  wound.  This  rod  should  remain  in  place  for  about  two  weeks.  The 
protruding  portions  of  the  bowel  are  sutured  to  the  skin  at  the  two  angles  of  the 
abdominal  wound.  This  unquestionably  brings  the  posterior  wall  of  the  bowel 
above  the  level  of  the  abdominal  wall  and  forms  a  perfectly  satisfactory  spur. 

To  prevent  prolapse  of  the  mucous  membrane,  the  pulling  down  of  the  bowel 
until  it  is  taut  (in  the  manner  described  above),  before  passing  the  rod  through 
the  mesentery  or  fixing  the  organ  to  the  abdominal  wound,  will  be  found  effective. 

The  proper  time  and  method  for  opening  the  bowel  will  depend  upon  the 
urgency  of  the  symptoms  of  obstruction.  If  it  should  become  necessary  to  open 
the  bowel  at  once,  or  soon  after  it  has  been  drawn  to  the  surface  of  the  wound, 
and  before  union  has  taken  place  between  it  and  the  abdominal  wound,  the 
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organ  may  be  clasijod  with  two  i)airs  of  intestinal  compression  forceps,  applied 
about  an  inch  apart,  and  an  incision  th(>n  made  between  them  just  large  enough 
to  introduce  the  end  of  a  Paul's  tube*  A  piece  of  rubber  drainage  tubing  is 
then  attached  to  the  distal  end  of  the  glass  tube  to  tlraw  off  th(^  gas  and  feces. 
After  the  tube  has  been  secured  in  the  bowel,  the  base  of  the  protruding  loop  of 
the  bowel  should  be  sutured  to  the  edges  of  the  abdominal  wound.  If  there  is 
no  urgent  reason  for  the  immediate  opening  of  the  bowel,  it  may  remain 
closed  for  several  days. 

^Yhen  a  temporary  artificial  anus  is  to  be  made,  the  following  method  should 
be  pursued :— A  simple  longitudinal  incision  is  made  from  the  superior  angle  of 
the  wound  to  a  point  half  an  inch  below  the  supporting  rod.  Tuttle  recom- 
mends,  in  addition,  that  a  transverse  incision,   involving  two-thirds  of  the 


Fig.   390. — Temporary  Ingiiinal  Colostomj'.     (Tuttle.) 

circumference  of  the  bowel,  be  made  at  the  lower  end  of  this  longitudinal  incision. 
(Fig.  390.)  In  both  instances  the  object  is  to  preserve  as  much  of  the  wall  of 
the  bowel  as  is  possible,  in  order  that  it  may  be  more  easily  restored.  Tuttle 
claims  that,  in  making  the  transverse  incision,  the  triangular  flaps  roll  backward 
and  curl  up,  and,  when  the  artificial  anus  is  to  be  closed,  the  curls  of  the  flaps 
can  be  dissected  apart,  unrolled,  and  sutured  in  their  original  places.  In  the 
latter  case,  or  when  a  permanent  artificial  anus  is  to  be  made,  or  if,  after  pro- 
viding for  a  temporary  artificial  anus,  it  becomes  necessary  to  make  it  permanent, 
the  entire  circumference  of  the  protruding  loop  of  bowel  can  be  cut  through 

*  Under  the  title  of  '  F.  T.  Paul's  Method  of  Performing  Colectomy  "  there  Trill  be  found,  in 
the  British  Medical  Journal  for  May  25th,  .1895,  p.  1139,  a  reference  to  Paul's  glass  intestinal 
drainage  tubes.  The  tube  in  question,  which  consists  of  glass,  has  a  diameter  somewhat  less 
than  that  of  the  colon,  is  six  or  eight  inches  in  length,  and  is  proAided  with  a  double  flange  at 
the  end  which  enters  the  bowel;  the  object  of  the  flange  being  to  secure  the  tube  in  place. 
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down  to  the  mesentery,  and  the  protruding  edges  may  then  be  cut  away,  leaving 
a  distinct  sulcus  between  the  upper  and  lower  apertures.  (Fig.  391.)  The 
opening  of  the  intestine  does  not  require  the  employment  of  an  aUcTsthetic,  as 
it  produces  no  pain  unless  the  mesentery  is  cut.  In  the  latter  case  a  light 
general  or  a  local  ansesthetic  will  have  to  be  employed. 

Closure  of  a  Temporary  Artificial  Anus. — The  method  of  closing  an  artificial 
anus  will  depend  altogether  upon  the  way  in  which  it  has  been  made  and  upon 
the  amount  of  the  bowel  which  has  been  sacrificed  in  making  the  opening.  If 
the  method  of  Allingham  or  of  Bodine  (Fig.  393),  for  making  the  spur  and  cut- 
ting away  the  loop  of  the  bowel  has  been  employed,  then  the  spur  may  be  divided 


Fig.  391. — Drawing  Illustrates  a  Case  in  which  the  Bowel  is  Cut  through  for  the  Purpose  of 
Estabhshing  a  Permanent  Artificial  Anus.      (Tuttle.) 


by  long  pressure-forceps,  and  the  edges  of  the  bowel  around  the  abdominal 
opening  may  be  dissected  loose  and  then  united  by  Czerny-Lembert  sutures; 
the  skin  and  muscle  layers  being  brought  together  above.  The  objection  to  this 
plan  is  that  it  leaves  the  bowel  in  a  very  distorted  condition.  An  end-to-end 
anastomosis  would,  under  these  conditions,  be  decidedly  preferable. 

AVhen  the  bowel  has  been  opened  first  by  a  longitudinal  incision  extending 
down  to  a  point  half  an  inch  below  the  glass  rod,  and  then  by  a  transverse 
incision  bisecting  the  lower  end  of  the  first,  Tuttle's  method  for  closing  the 
artificial  anus  (mentioned  above)  may  be  used  with  advantage.  The  T-shaped 
wound  in  the  bowel  is  then  brought  together  first  by  silk  sutures  passed  through 
the  mucous  membrane,  and  then  by  a  row  of  Lembert  sutures  placed  outside 
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of  these.  (Fig.  392.)  The  bowel  is  then  dissected  loose  from  its  attachment 
to  the  abdominal  wall  down  to  the  peritoneal  layer.  This  layer  should  be  care- 
fully stripped  from  the  abdominal  wall  in  the  form  of  a  band  about  one  inch  all 
around  the  artificial  anus.  This  allows  the  closed  bowel  to  drop  below  the; 
level  of  the  abdominal  wall.  (Fig.  396.)  The  opening  in  the  latter,  already 
freshened  by  dissecting  loose  the  intestine,  is  then  brought  together  by  silk- 
worm-gut sutures  passed  through  all  its  layers.  The  bowel  is  thus  effectually 
closed  with  very  little  if  any  diminution  in  its  calibre  and  without  opening  the 
abdominal  cavity;  and  the  abdominal  wall  is  completely  restored  in  all  its 
thickness.     Numerous  plastic  methods  for  closure  of  the  artificial  anus  have 


Fig.  392. — Drawing  Shows  Tuttle's  Method  of  Closing  a  Temporary  .\rtificial  Aniis.     (Tuttle.) 


been  devised,  one  of  which  is  illustrated  in  Figs.  394  and  395.  The  technique, 
known  as  that  of  Szymanowski,  is  as  follow^s:  A  curved  incision  about  three 
times  the  length  of  the  artificial  anus  is  made  internal  to  the  apertm*e  and  \-\'ith 
the  centre  of  its  apex  at  the  artificial  anus.  Tliis  flap  of  skin  is  chssected  up  for 
about  one  inch  or  more  throughout  its  entire  extent.  A  second  curved  incision 
is  made  on  the  opposite  side  of  the  artificial  anus,  beginning  at  the  ends  of  the 
first  incision  and  passing  out  beyond  the  aperture  to  a  distance  of  about  two 
inches.  This  flap  is  dissected  up  to  the  margin  of  the  artificial  anus,,  is  then 
folded,  liinge-hke,  over  the  artificial  anus,  and  is  sutured  to  the  freshened  sur- 
face from  which  the  first  flap  has  been  lifted.  The  first  flap  is  then  dragged 
over  the  second  flap  and  sutured  to  the  margin  of  the  skin  from  which  the 
second  flap  was  lifted,  thus  closing  the  artificial  anus  by  a  double  layer  of  skin 
and  subcutaneous  tissue. 
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Permanent  Colostomy. — The  chief  things  required  in  an  artificial  anus  which 
is  to  be  of  a  permanent  character  are  these:  first,  it  should  have  a  free  outlet 
for  the  fecal  matter;  second,  it  should  be  so  located  that  the  patient  can  easily 
take  proper  care  of  it;  third,  it  should  be  so  formed  that  prolapse  of  the  mucous 
membrane  will  not  occur;  and,  last,  the  control  of  the  fecal  outflow  should  be 
the  maximum  attainable.  It  is  generally  conceded  that  an  artificial  anus  in  the 
inguinal  region  is  more  convenient  for  the  patient  than  one  placed  anywhere 
else,  and  this  locality  should  therefore  be  the  one  selected  wherever  it  is  prac- 
ticable. A  free  outlet  for  the  fecal  matter  may  be  easily  obtained,  in  any 
one  of  the  positions  named,  by  making  a  free  incision  into  the  bowel;   and  the 


Fig.   393. — Bodine's  Operation  for  Colostomv. 


prolapse  of  the  mucous  membrane  is  controlled  by  puUing  the  upper  segment  of 
the  bowel  out,  until  taut,  as  heretofore  stated. 

The  control  of  the  fecal  discharges  is  the  most  important  part  of  this  subject 
yet  to  be  considered.  The  constant  escape  of  gas  and  feces  from  an  artificial 
anus,  as  experienced  before  the  attempts  to  control  it  had  been  successful, 
brought  the  operation  into  great  disrepute.  ]\Iany  surgical  de\dces  have  been 
employed  to  effect  this  control,  but,  rmtil  recently,  none  of  them  has  been  found 
quite  satisfactoiy.  Taking  advantage  of  his  own  past  experience,  as  well  as  of 
that  of  workers  in  the  same  field,  Tuttle  has  devised  a  method  of  procedure 
which  \\'ill  be  found  to  combine  the  good  results  of  all  the  different  methods 
and  to  be  eminently  satisfactor}\  He  ad\ises  that  a  loop  of  sigmoid  sufficienth'' 
long  to  be  drawn  at  least  two  inches  outside  of  the  abdominal  ca\'ity  be  selected, 
and  that  then  a  tape,  or  loop  of  large  silk,  be  passed  around  it  through  a  small 
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slit  in  the  mesontory,  the  ciidf^  being  left  long  and  Ix'ing  held  b}-  uiteiy  forceps. 
The  lower  fibre's  of  the  external  oblique  arc  then  pulled  down,  the  internal 
oblique  is  split  laterally  for  a  distance  of  about  three-quarters  of  an  inch,  and 
the  skin  is  separated  from  the  external  obli(ju(!  muscle  for  a  distance  of  about 
two  inches.  An  incision  large  enough  to  admit  the  bowel  is  next  made  through 
the  skin  just  above  Poupart's  ligament.  The  dressing  forceps  is  passed  first 
through  this  opening  and  then  through  the  opening  made  in  the  internal  obli(iu(! 
nuiscle,  and  is  made  to  grasp  the  tape  or  th(>  loop  of  silk  that  has  been  passed 
around  the  bowel  through  the  slit  in  the  mesentery.  By  this  means  the  bowel 
is  drawn  down  through  the  openings  and  out  through  the  lower  slit  in  the  skin. 


Fig.  394.  Fig.   395. 

Fig.  394.— Closure  of  Artificial  Anus  by  Plastic  Operation;    First  Stage.     (Earle  and  Tuttle.) 
Fig.  395. — Closure  of  Artificial  Anus  b)y  Plastic  Operation;  Second  Stage.      (Earle  and  Tuttle.) 


The  opening  made  by  the  incisions  should  be  of  such  size  that  the  loop  of  sigmoid 
may  be  drawn  through  easily  and  without  subjecting  it  to  much  compression. 
After  it  has  been  drawn  through  the  bowel  is  held  in  position  by  passing  a  glass 
rod  through  the  slit  in  the  mesentery  and  allowing  it  to  rest  at  each  end  on  the 
surface  of  the  skin.  The  abdominal  wound  is  closed  in  the  usual  manner.  When 
the  proper  tmie  arrives,  the  bowel  is  opened  by  a  simple  slit  in  the  line  of  its 
longitudinal  fibres.  In  the  course  of  a  few  weeks  the  protruding  edges  of  the 
bowel  should  be  trimmed  down  flush  with  the  skin. 

The  bowel  is  brought  outside  of  the  external  oblique  muscle  in  order  that  it 
may  lie  upon  a  resisting  plane ;  and,  if  this  does  not  suffice  to  effect  the  desired 
closure,  a  truss  or  compress  can  be  placed  upon  it,  by  which  means  its  calibre 
will  be  absolutely  occluded.  Tuttle  has  found  it  necessary  to  employ  a  truss 
in  only  two  out  of  seven  cases.    The  fact  that  the  bowel  passes  through  the  slit 
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in  the  internal  oblique  muscle  gives  a  certain  amount  of  voluntary  control  over 
the  movements. 

Colostomy  on  the  Right  Side.— It  is  rarely  necessary  to  make  a  permanent 
artificial  anus  on  the  right  side,  and  even  a  temporary  colostomy  in  this  locality 
is  only  occasionally  called  for  in  the  treatment  of  chronic  intractable  inflamma- 
tions of  the  colon.  Appendicostomy  (see  page  797)  will  doubtless  supersede 
this  operation  in  the  large  majority  of  such  cases.  Whenever  it  is  found  neces- 
sary, however,  to  perform  a  colostomy  on  the  right  side,  the  surgeon  should 
bear  in  mind  the  anatomical  conditions  which  differ  from  those  found  on  the 


Fig.  396.— Cross  Section  of  Parts  after  Extra-peritoneal  Closure  of  Artificia]  Anus.   (Tuttle: 
of  the  Anus,  Rectum,  and  Pehic  Colon."      D.  Appleton  &  Co.,  New  York.) 


Diseases 


left  side— viz.,  the  higher  location  of  the  colon  in  the  pelvis,  the  fact  that  the 
mesentery  is  shorter  here,  and  the  very  soft  or  even  semifluid  condition  of  the 
feces,  which  renders  ineffectual  any  attempts  to  secure  fecal  continence  except 
by  Gibson's  or  Grant's  valvular  csecostomy. 


XVII.   FOREIGN  BODIES   IN  THE  RECTUM  AND  SIGMOID. 

Foreign  bodies  are  frequently  met  with  in  the  rectum  and  sigmoid,  and  there 
are  three  ways  in  which  they  may  reach  this  part  of  the  intestinal  canal:  first, 
by  being  swallowed;  second,  by  being  developed  in  some  portion  of  the  in- 
testinal tract  itself;   and,  third,  by  being  introduced  through  the  anus. 

Medical  literature  abounds  with  instances  of  foreign  bodies  of  the  most 
varied  and  marvellous  character  that  have  been  swallowed  and  subsequently 
found  in  the  sigmoid  or  the  rectum.  Among  such  bodies  may  be  mentioned 
chicken  or  fish  bones,  the  outer  hull  of  an  apple  seed,  a  plate  of  false  teeth,  etc. 

There  are  certain  disorders  or  conditions  which  predispose  to  the  formation  of 
foreign  bodies  in  the  intestinal  canal.  Among  such  may  be  mentioned  altered  or 
deficient  secretions  from  the  intestinal  canal,  the  liver,  or  the  pancreas.  Entero- 
liths have  their  origin  in  small  bodies  which  have  been  swallowed  and  around 
which  the  lime  salts  are  deposited  in  the  form  of  incrastations.  Those  who  live 
m  limestone  regions  and  drink  the  hard  alkaline  water  characteristic  of  such  lo- 
calities, are  especially  liable  to  have  these  calcareous  masses  form  in  the  intestine. 
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For  various  reasons  foreign  bodies  are  fre(iueiitly  iiilioduced  into  the  rectum, 
and,  while  this  is  ahvays  done  with  the  knowledge  of  the  patient,  the  purpose 
for  which  the  foreign  object  was  introduced  is  of  such  a  nature  that  he  or  she 
will  not  admit  it  until  forced  to  do  so  by  pain  and  distress. 

In  a  certain  number  of  cases  foreign  bodies  are  introduced  into  the  r(!ctum 
by  ignorant  people  for  the  relief  of  certain  conditions  or  symptoms,  as  for  con- 
stipation, or  for  its  reverse  condition,  diarrhcra.  Again,  the  rectum  has,  for  a 
long  time,  been  made  use  of  by  thieves  and  criminals  for  the  purpose  of  con- 
cealing stolen  articles  and  instruments  for  use  in  crime. 

Foreign  bodies  sometimes  find  their  way  into  the  rectum  by  accident,  as 
by  falling  on  pointed  sticks  or  on  the  palings  of  a  fence,  and  then,  after  pene- 
trating the  rectum,  they  break  off  and  are  left  in  the  bowel. 

In  this  section  belong  also  those  distressing  cases  in  which  foreign  bodies 
have  been  introduced,  by  depraved  individuals,  for  the  purpose  of  exciting 
passion,  and  in  which  the  object  has  slipped  from  their  grasp  and  has  passed 
up  into  the  rectum. 

The  length  of  time  occupied  by  a  foreign  body  that  has  been  swallowed,  in 
passing  from  the  stomach  to  the  rectum,  varies  from  twelve  hours  to  several 
months. 

Some  remarkable  cases  have  occurred  in  which  large  objects  that  have  been 
introduced  into  the  rectum  have  worked  their  way  upward  until  they  were 
beyond  the  reach  of  the  hand  or  of  instruments  used  for  their  removal. 

Symptoms. — The  symptoms  will  depend  very  much  upon  the  size  and  shape 
of  the  foreign  body.  If  smooth,  round,  and  not  very  large,  it  may  give  rise  to 
very  few  symptoms,  pain  and  tenesmus  being  the  chief.  AATien  the  object  has 
remained  for  some  time  in  the  intestine  and  has  produced  much  irritation, 
grave  constitutional  symptoms,  with  high  temperature,  may  supervene. 

Diagnosis. — The  educated  touch  and  the  proctoscope  afford  the  only  reliable 
means  of  diagnosis  in  these  cases.  The  latter  instrument  should  be  used  only 
when  the  foreign  body  has  passed  up  beyond  the  reach  of  the  finger;  but  then 
it  may  be  used  as  a  means,  not  merely  for  making  the  diagnosis,  but  also  for 
removing  the  foreign  body,  which  may  be  grasped  with  forceps  and  pulled  down. 

Removal  by  Abdominal  Section.— ^^^len  a  large  foreign  body  has  passed 
beyond  reach  or  has  been  arrested,  in  its  passage  from  above  downward,  in  the 
upper  part  of  the  sigmoid  flexure,  it  may  be  advisable  to  open  the  abdominal 
cavity  at  once,  to  make  a  longitudinal  incision  in  the  bowel,  and  then  to  re- 
move the  foreign  body  through  this  aperture. 

XVIII.  WOUNDS,   INJURIES,  AND  RUPTURES  OF  THE  RECTUM. 

The  protected  position  of  the  anus  and  rectum  between  the  folds  of  the 
buttocks  guards  it,  as  a  rule,  from  injury.  Nevertheless,  there  are  a  sufficient 
number  of  injuries  of  this  character  to  make  the  subject  worthy  of  our  con- 
sideration.    These  injuries  may  be  conveniently  divided  into  contused,  lacerated, 
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punctured,  and  incised  wounds.  Contusions  arise  from  falls  on  the  buttocks, 
from  prolonged  pressure  brought  about  by  any  cause,  and  from  excessive  mani- 
pulation employed  in  stretching  the  sphincter.  Laceration  may  be  produced 
by  a  sharp  foreign  body  in  the  stool,  by  excessive  divulsion  of  the  sphincter, 
and  by  falling  or  sitting  down  upon  some  sharp  object.  Punctured  wounds 
result  from  gunshot  or  bayonet  injuries  and  also  from  falling  on  sharp-pointed 
objects.  Urethral  sounds  have  sometimes  been  the  cause  of  such  accidents, 
but  the  greatest  number  have  been  occasioned  by  the  improper  use  of  syringe 
tips  and  rectal  bougies.  The  writer  has  known  of  three  cases  in  which  the 
improper  use  of  the  Kelly  tube  caused  perforation  of  the  rectal  wall,  fecal  ex- 
travasation, peritonitis,  and  death. 

Operations  for  stone  in  the  bladder  or  for  prostatectomy,  by  perineal  section, 
have  frequently  resulted  in  injury  to  the  rectum. 

Rupture  of  the  rectum  has  occurred  from  the  use  of  the  colpeurynter  in 
suprapubic  c5^stotomy,  and  from  that  of  a  Barnes'  bag  to  dilate  a  high  stricture. 
As  additional  causes  of  this  lesion  the  following  may  be  mentioned:  dragging 
upon  the  organ  in  efforts  to  break  up  attachments  between  it  and  a  pelvic 
growth;  the  use  of  force  with  the  nozzle  of  a  syringe  or  with  a  rectal  bougie, 
in  pelvic  operations ;  penetrating  and  punctured  wounds ;  and  excessive  press- 
ure from  the  use  of  compressed  air.  Rupture  has  occurred  in  several  instances 
during  attempts  to  reduce  rectal  procidentia,  and  it  has  also  occurred  from  the 
introduction  of  the  hand  for  diagnostic  purposes. 

The  gravity  of  a  wound  or  injury  to  these  parts  depends  largely  upon  the 
site,  the  tissues,  and  the  particular  part  of  the  organ  involved.  Where  the 
injury  is  confined  to  the  anus  and  rectal  walls,  the  wounds  usually  heal  promptly 
under  antiseptic  precautions,  except  in  those  cases  in  which  the  puncture  of  the 
rectal  wall  has  taken  place  within  {i.e.,  higher  up  than)  the  anal  opening  and 
without  injury  to  it.-  The  majority  of  such  cases  which  have  been  reported 
as  terminating  fatally,  are  due,  in  all  probability,  to  improper  drainage  through 
the  closed  anus. 

The  results  of  gunshot  wounds  of  the  rectum,  according  to  the  records  of 
our  Civil  War  and  of  the  Franco-Prussian  War,  show  a  mortality  of  over  forty 
per  cent.  Pelvic  cellulitis,  septicaemia  from  infiltration,  diffuse  suppuration, 
and  secondary  hemorrhage  were  the  chief  causes  of  death. 

Little  trouble  may  be  anticipated  from  minor  wounds  or  injuries  of  the 
rectum  and  anus,  if  the  cardinal  principles  of  drainage  and  disinfection  are 
strictly  followed.  Hemorrhage  should  be  controlled  by  taking  up  the  bleeding 
vessels,  if  possible;  otherwise  the  bleeding  should  be  arrested  by  packing,  care 
being  taken  always  to  irrigate  the  rectum  with  hot  antiseptic  solutions  before 
the  packing  is  done.  When  the  peritoneal  cavity  has  been  penetrated,  sponging 
should  be  substituted  for  irrigation. 
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Abbe's  method  of  treating  stricture  of  oesopha- 
gus, -i'AE) 
Abdomen,  anatomical  landmarks,  108 
aponeuroses,  109 
muscles,  109 
nerve  supply,  112 
surface  of,  109 
surgical  landmarks,  108 
tumors  of,  diagnosis  of,  96 
vascular  supply,  112 
Abdominal  cavity,  drainage  of,  114 
indications  for,  116 
materials  for,  115 
objections  to,  116 
postural,  118 
through  stab  wounds,  117 
through  vagina  and  rectum,  118 
irrigation  of,  119 
Abdominal  hernia,  555 
Abdominal  section,  105 

adhesions  after,  132 

anatomical  considerations,  107 

anatomical  landmarks,  108 

closure  of  incision,  128 

definition,  105 

disinfection  of  abdomen,  137 

drainage,  114 

dressing  the  wound,  140 

examination  of  patient,  134 

exploratory  section,  113 

hernia  after,  133 

historical,  105 

irrigation  in,  119 

incisions,  123 

landmarks,  107 

linea  alba,  110 

linea  semilunaris,  111 

lineffi  transversse.  111 

muscles,  109 

nerve  supply,  112 

operative  technique,  137 

peritoneum.  111 

position  of  patient  during  operation, 

120 
post-operative  care,  141 
post-operative  sequete,  132 
Abdominal  wall,  abscess  of,  78 
actinomycosis  of,  89 
adenoma  of  sebaceous  glands  of,  86 
anatomy  of,  75 
angioma  of,  86 
burns  of,  93 


Abdominal  wall,  carcinoma  of,  87 
contour,  107 
contusions  of,  91 
desmoid  tumors  of,  83 
embryology  of,  75 
fibroma  molluscum  of,  87 
hydatid  cyst  of,  89 
incised  wounds  of,  94 
landmarks,  107 
lipoma  of,  87 
lymphatics  of,  75 
nerve  supply  of,  77 
phlegmon  of,  77 
punctured  wounds  of,  95 
sarcoma  of  skin  of,  87 
scalds  of,  93 

surgical  diseases  of,    75,  77 
ulceration  of,  80 
wounds  of,  75,  91 
Abscess,  axillary,  66 

intraperitoneal,  494,  and  see  Sulijjhrenic 

abscess 
ischio- rectal,  811 
of  abdominal  wall,  78 
of  gluteal  region,  29 

of  liver,  complicating  appendicitis,  639 
of  recti  muscles,  78 
of  space  of  Retzius,  78 
palmar,  deep,  60 
pelvi-rectal,  811 
perianal,  810,  812 
perirectal,  810,  812 
periumbilical,  78 
retrorectal,  811 
retroperitoneal,   493,  and  see  Subphrenic 

abscess 
subphrenic;  450,  478,   and  see  Subphrenic 
abscess 
Actinomycosis  of  abdominal  wall,  89 
of  caecmn,  725 
of  peritoneum,  752 
of  rectum,  800 
of  vermiform  appendix,  636 
Acupressure,  control  of  hemorrhage  by,  243 
Adhesions,  peritoneal,  726 
Adenitis,  axillary,  66 
Adeno-carcinoma  of  rectum,  899 
Adenoma  of  intestine,  737 
of  rectiun,  892 

of  sebaceous  glands  of  abdominal  wall,  86 
Air  embolism,  195 
Alhgator  forceps,  771 
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Amccbic  appendicitis,  636 
Amputation  of  the  vemiiform  appendix,  683 
Amputation  stimips,  carcinoma  of,  67 
Amussat's  operation  for  atresia  of  rectum,  775, 

778 
Anal  examinations,  765 
Anal  papillae,  hypertrophied,  897 
Anal-urinary  fistula,  828 
Andrews,  E.  WyUys,  on  Abdominal  Hernia,  555 

to  617 
Andrews'  operation  for  cure  of  inguinal  hernia, 

577 
Anel's  method  of  ligating  for  aneurysm,  278 
Aneurysm,  258,  261 

arterial  varix,  258 

arterio- venous,  288 

by  anastomosis,  259 

cirsoid,  259 

congenital,  263 

cylindrical,  262 

dissecting,  262 

embolic,  186,  263 

false,  261 

fusiform,  261 

idiopathic,  263 

of  gluteal  artery,  traiomatic,  25 

of  internal  pudic  artery,  traumatic,  28 

of  obturator  artery,  traumatic,  28 

of  sciatic  artery,  traumatic,  27 

racemose.     See  Cirsoid  Aneurysm 

saccular,  262 

spontaneous,  263 

traumatic,  262 

true,  261 

tubular,  261 
Aneurysmal  varix,  289 
Angioma  of  abdominal  wall,  86 

of  gluteal  region,  31 

of  intestine,  737 

of  rectum,  897 

of  mnbilicus,  90 
Angioselerosis,  204 

Antyllus'  method  of  ligating  for  aneurysm,  280 
Ano-rectal  fistula,  816 
Ano-rectal  syphiloma,  of  Foumier,  800 
Anus,  abnormal  narromng  of,  775 

abnormalities  of,  785 

anatomy  of,  761 

artificial.    See  Colostomy 

atresia  of,  775 

examination  of,  765 

fissure  of,  801, 

imperforate,  775 

lymphatics  of,  763 

malformations  of,  774 

nerve  supply  of,  763 

occlusion  of,  by  membrane,  781 

operations  on,  anaesthetics  in,  771 


Anus,  physiology  of,  761,  764 
surgical  diseases  of,  761 
syphilis,  congenital,  of,  800 
ulcer  of,  irritable,  801 
wounds  of,  761 
Aorta,   gunshot  wounds  of,  230 
Appendicitis,  acute,  628 

abdominal  distention  in,  656 

abscesses  in,  642 

bacteria  in,  630 

blood  current  in,  653 

catarrhal,  632 

chronic,  628 

exudative,  633 

facial  expression  in,  652 

fever  in,  651 

fulminating,  647 

gangrenous,  634 

interstitial,  633 

intermittent,  628 

jaimdice  in,  657 

muscular  rigidity  in,  650 

nausea  in,  649 

onset  of,  643 

operation  for,  675 

pain  in,  648 

posture  in,  655 

pulse  in,  652 

question  of  operation  in,  667 

secondary  abscesses  in,  642 

tenderness  in,  649 

tuberculous,  628 

tumor  in,  655 

varieties  of,  627 

vomiting  in,  649 
Appendicostomy,  696,  797 
Appendicular  colic,  631 

Appendix  vermiformis,  actinomycosis  of,  636 
amputation  of,  683 
anatomy  of,  618 
cancer  of,  625 
carcinoma  of,  625 
colic  of,  631 

congenital  malformations  of,  624 
cysts  of,  624 
delivery  of  the,  682 
development  of,  619 
diseases  of,  618 
endothelioma  of,  625 
fibro-myoma  of,  625 
fossse  of,  621 

inflammation  of,  618,  632,  and  see  Appen- 
dicitis 
intussusception  of,  624 
malformations  of,  congenital,  624 
mesentery  of,  622 
ner\^e  supply  of,  622 
papilloma  of,  625 
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Appendix,  peritoneal  folds  of,  ()'21 

physiology''  of,  62.i 

position  of,  618,  619,  622 

removal  of,  when  not  diseased,  691 

sarcoma  of,  625 

search  for  the,  681 

shape  of,  618 

tuberculosis  of,  636 

tvmiors  of,  624 
Arterial  hemorrhage,  233 
Arterial  varix,  258 
Arteries,  contusions  of,  208 

inflammation  of,  202,  and  see  Arteritis 

rupture  of,  235 

suture  of,  control  of  hemorrhage  by,  249 

woimds  of,  222 
Arteritis,  202 

Arteriocapillary  fibrosis,  204 
Arterioliths,  180 
Arteriorrhaphy,  Brewer's  method  of,  253 

Carrel's  method  of,  252 

control  of  hemorrhage  by,  249 

De  Gaetano's  metliod  of,  255 

Dorrance's  method  of,  255 

Murphy's  method  of,  250,  251 

Payr's  method  of,  251 

technique  of,  257 
Arteriosclerosis,  204 
Arteriosclerotic  gangrene,  207 
Arteriothrombosis,  181 

A rterio- venous  anastomosis,  treatment  of  be- 
ginning arteriosclerotic  gangrene  by,  207 
Arterio-venous  aneurysm,  288 
Arterioversion ,  243 
Artificial  anus.    See  Colostomy 
Atheroma,  204 
Atresia  of  anus,  775 
Axillary  abscess,  66 

Bacon's  method  of  entero-anastomosis,  854 

Bacteria  in  appendicitis,  630 

Base-ball  fingers,  72 

Bassini's  operation  for  cure  of  inguinal  hernia, 

573 
Beck's  method  of  treating  tuberculous  sinuses, 

553 
Beyea's  operation  forgastroptosis,  390 
Bigemiinal  teratomata,  16 
Bilharzia  appendicitis,  636 
Billroth's    method     of    treating    stricture    of 

CESophagus,  437 
Bircher's  operation  for  stenosis  of  oesophagus, 

438 
Birth-palsy,  brachial,  71 
Blank-cartridge  wounds  of  feet,  42 
Blood-vessels,  surgerj^  of,  146 
Bone  necrosis  of  hand,  63 
Bougies  for  examining  oesophagus,  409 


Bowels,  olist ruction  of,  727,  and  see  Intestinal 

01)structi()i> 
Brachial  liirth-i)alsy,  71 
Brachial  plexus,  injuries  to,  69 
Brasdor's  method  of  ligating  for  aneurysm,  280 
Brewer's  method  of  arteriorrhaphy,  253 
Bursa,  ilio-psoas,  51,  52 
Bursitis,  ilio-psoas,  51 

pelvic.  29 

svibacromialis,  44 

subiliac,  51 
Bums  of  abdominal  wall,  93 

A'-ray,  39 

Cecum,  actinomycosis  of,  725 

arteries  of,  623 

carcinoma  of,  724 

internal  configuration  of,  622 

tuberculosis  of,  724 
Calculus,  renal,  diagnosed   from  acute  appen- 
dicitis, 658 
Cancer  of  rectum,  899 

of  vermiform  appendix,  625 
Cantlie's  method  of  treating  subphrenic  abscess, 

491 
Carcinoma  of  abdominal  wall,  87 

of  csecum  diagnosed  from  tuberculosis,  724 

of  ends  of  stumps,  67 

of  gluteal  region,  31 

of  intestine,  740 

of  oesophagus,  413 

of  pelvic  bones.  14 

of  peritonemn,  752 

of  rectum,  898 
colloid,  900 

of  stomach,  393 

of  vermiform  appendix,  625 

scirrhous,  of  umbilicus,  90 
Cardiocentesis,  175 
Cardiolysis,  159 
Cardiorrhaphy,  168 
Cardiospasm,  445,  446 
Carrel's  method  of  arteriorrhaphy,  252 
Chancre  of  rectum,  799 
Chancroid  of  anus,  798 

of  rectmn,  798 
Charley-bone,  73 
Charley-horse,  73 
Chetwood's    plastic    operation    for    restoring 

functional  activity  of  anus,  827 
Cholecystitis,   diagnosed    from    acute    appen- 
dicitis, 657 
Chondroma  of  pelvic  bones,  13 
Cirsoid  aneurj^sm,  259 
Clamp  and  cautery  operation  for  hemorrhoids, 

866 
Coccygeal  region,  pendulous  tmnors  of,  15 
Coccygodynia,  31 
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Coccyx,  excision  of,  33 
Coeliotomy,  106 
Coin-catcher,  Graefe's,  426 
Cold,  control  of  hemorrhage  by,  239 
Colic,  appendicular,  631 

lead,  diagnosed  from  acute  appendicitis, 
661 
Colon,  artificial  distention  of,  in  diagnosis  of 

abdominal  tumors,  102 
Colorectostomy,  922 
Colostomy,  759,  855,  937 
Colotomy,  106 

Compression,  control  of  hemorrhage  by,  241 
Connell  suture,  736,  738,  739.  754 

gastro-enterostomy  with,  365 
Constipation,  785 
Contracture,  Volkmann's,  37 
Contusions  of  abdominal  walls,  91 

of  arteries,  208 

of  veins,  322 
Coxalgic  pelvis,  4 
Crossed  sciatic  phenomenon,  35 
Cushing's  right-angle  suture,  738,  754 
Cystoma  of  rectum,  896 
Cysts,  after  herniotomy,  592 

hydatid,  of  abdominal  wall,  89 

of  mesentery,  751 

of  oesophagus,  420 

of  omentimi,  748 

of  urachus,  80 

of  vermiform  appendix,  624 

sacro-coccygeal,  20 
Czerny  suture,  734 
Czemy-Lembert  enterorrhaphy,  735 

suture,  734,  754 

method  of  lateral  anastomosis,  749 

Dkformities,    congenital,    of    sacro-coccygeal 
region,  14 

of  oesophagus,  410 

of  pelvis,  bony,  3 

of  stomach,  due  to  dilatation,  335 
De  Gaetano's  method  of  arterio'-rhaphy,  255 
De  Lorme  and  Mignon's  operation,  pericardot- 

omy,  158 
Dermatitis,  X-ray,  chronic,  39 
Dermoids,  extra-rectal,  896 

post-rectal,  18 
Desmoid  tumors,  of  abdominal  waU,  83 

post-operative,  compUcatmg  femoral  her- 
nia, 591 
Diaphragm,  anatomy  of,  450 

congenital  defects  of,  457 

degeneration  of,  460 

displacement  of,  460 

eventration  of,  459 

faults  of  development  of,  457 

hernia  of,  458,  460,  612 


Diaphragm,  infection  of,  modes  of,  451 

lymphatics  of,  451 

surgical  diseases  of,  450 

tumors  of,  457 

wounds  of,  460 
Diaphragmatic  phenomenon,  Litten's,  467 

pleurisy,  diagnosed  from  acute  appendici- 
tis, 659 
Dilatation,  idiopathic,  of  oesophagus,  444 

of  oesophagus,  for  stricture,  430 
for  carcinoma,  416 

of  stomach,  deformity  due  to,  335 
Dimples,  postanal,  897 

sacro-coccygeal,  20 
Diverticula,  acquired  (of  intestines),  703 

of  oesophagus,  439 
Diverticulitis,  934 

of  sigmoid,  703 
Diverticulum  ilei,  701 

Meckel's,  701,  708 
Dorrance's  method  of  arteriorrhaphy,  255 
Double  monsters,  16 
Douglas,  semilunar  fold  of.  111 
Drainage,  gastric,  interference  wdth,  334 
Duodenal  hernia,  610 

sphincter,  the,  392 
Duodenum,  peptic  ulcer  of,  713 

perforation  of,  717 
Dupuytren's  suture,  738 
Durand's  operation,  pericardotomy,  158 
Dysentery,  causing  ulceration  of  rectum,  794 

Earle,  Samuel  T.,  and  Tuttle,  James  P.,  on 
Surgical   Diseases  and  Wounds  of  the  Anus 
and  Rectum,  761  to  948 
Earle's  hemorrhoidal  clamp,  873 

method  of  operating  for  hemorrhoids,  872 

rectal  speculimi,  768 
Echinococcus  of  pelvic  bones,  13 
Elevation,  control  of  hemorrhage  by,  240 
Elephantiasis  of  gluteal  region,  31 
Elhot's  position  in  abdominal  surgery,  122 
Embolectomy,  220 
"Embolia  insensibilis,"  191 
Embolic  aneurysm,  186 
Embolism,  183,  and  see  Embolus 

air,  195 

fat,  199 

of  mesenteric  vessels,  726 

pulmonary,  190 

retrograde,  184 

seat  of  impaction  of,  184 
Embolus,  183,  and  see  Embolism 

air,  195 

fat,  199 

pulmonary,  190 

seat  of  impaction  of,  184 

source  of,  183 
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Enchondroma  of  rectum,  S'Jl 
Endarteritis,  chronic,  204 
Endoaneuiysmorrhaphy,  281 
Endothelioma  of  urachiis,  81 

of  vermiform  appendix,  625 
Entero-anastomosis,  Bacon's  method  of,  854 
Enteroclysis,  in  abdominal  surgery,  119 
Enteroplasty,  753,  757 
Enterorrhaphy,  755,  757 

Czerny-Lembert  method,  735 

Connell  suture  in,  739 
Enterostomy,  758 
Epithelioma  of  gluteal  region,  31 

of  rectum,  899 

of  umbilicus,  90 
Eventration  of  diaphragm,  459 
Excision  of  coccyx,  33 

of  pylorus,  with  gastro-enterostomy,  367 
Exostoses  of  pelvic  bones,  13 
Exploratory  puncture,  in  diagnosis  of  abdominal 

tumors,  103 
External  oblique  muscle  of  abdomen,  110 
Extra-rectal  dermoids,  896 
Extra-uterine  pregnancy,  diagnosed  from  acute 

appendicitis,  658 
Extremities,  minor  disorders  of,  37 

FjEcal  fistula,  711 

after  operation  for  appendicitis,  695 
Fajersztajn's  sign,  35 
Fat-embolism,  199 
Feet,  blank-cartridge  wounds  of,  42 

nails  in,  42 

splinters  in,  42 
Felon,  57 
Femoral  hernia,  584 

atypical  forms  of,  587 

palliative  treatment  of,  593 

pathology  of,  585 

post-operative  complications  of,  591 

treatment  of,  588 
Fibro-lipoma  of  gluteal  region,  31 
Fibroma  moUusciun,  of  abdominal  wall,  87 

papillary,  of  umbilicus,  89 

of  intestine,  737 

of  pelvic  bones,  13 

of  rectum,  891 
Fibro-myoma  of  vermiform  appendix,  625 
Fibro-sarcoma  of  umbilicus,  90 
Fibrosis,  arteriocapillary,  204 
Fingers,  anatomy  of,  53 

base-ball,  72 

infections  of,  53 
Finney's  method  of  pyloroplasty,  372 
Fishbone  catcher,  Weiss',  427 
Fissure  in  ano,  801 
Fistula,  anal-urinary,  828 

ano-rectal,  816 


Fistula,  fipcal,  711 

after  operation  for  appendicitis,  695 

in  ano,  815 

intestinal,  711 

perineal-urinary,  828 

perineo-urethral,  828,  829 

rectal-urinary,  828 

recto-genital,  835 

recto-ureteral,  828,  835 

recto-urethral,  828,  829 

recto-uterine,  835 

recto-vaginal,  835 

recto- vesical,  828,  833 

recto-vulvar,  835 
Fistula?  connecting  wth  anus  or  rectum,  815 
Foramen  of  Winslow,  hernia  at,  609 
Forceps,  alligator,  771 

Lutter,  424 

oesophageal,  425 

pharyngeal,  424 
Forcipressure,  control  of  hemorrhage  by,  243 
Foreign  bodies  in  heart,  164 

in  intestines,  705,  708 

in  oesophagus,  422 

in  rectum,  946 

in  sigmoid,  946 
Fossa,  ileo-appendical,  620 

ileo-colic,  620 

retro-csecal,  621 

subcsecal,  621 
Fovece  sacrales,  20 

sacrococcygeal,  20 
Fowler's  position  in  abdominal  surgery,  119 
Frank's  method  of  operation  for  femoral  hernia, 

590 
Frank  and  Ssbanajew's  method  of  gastrostomy, 

405 
Fungus,  umbilical,  89 

Gangrene,  arteriosclerotic,  207 
Gastrectomy,  dangers  of,  397 

partial,  396 

■rule  for,  396 
Gastric  ulcer,  and  its  sequelse,  337,   and  see 

Stomach,  ulcer  of 
Gastro-duodenostomy,  375 

Willard's  method,  376 

Kuemmel's  method,  377 
Gastro-enteritis,  diagnosed  from   acute  appen- 
dicitis, 660 
Gastro-enterostomy,  343 

after-treatment  of,  385 

McGraw's  method,  352 

Moynihan-Mayo  method,  345 

posterior,  359 

Rodman's  method,  367 

Roux's  method,  357 
Gastro-gastrostomy,  382  , 
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Gastro-mesenteric  ileus,  736 
Gastroptosis,  389 

Beyea's  operation  for,  390 
Gastrorrhaphy,  106,  384 
Gastrostomy,  377,  398,  419 

Marvvedel's  method  of,  404 
Ssbanajew-Frank's  method  of,  405 
Witzel's  method  of,  402 
Gastrotomy,  105 

for  removal  of  foreign  body  from  oesopha- 
gus, 427 
Gibson's  blood  chart,  654 

method  of  valvular  colostomy,  796 
Girard's  operation  for  diverticula  of  oesophagus, 

443 
Glass  arm,  73 

Gluteal  artery,  injuries  of,  24 
aneurysm  of,  25,  26 
Hgation  of,  27 
region,  abscess  of,  29 
angioma  of,  31 
carcinoma  of,  31 
epithehoma  of,  31 
elephantiasis  of,  31 
fibro-lipoma  of,  31 
incised  wounds  of,  24 
lipoma  of,  31 
lymphangioma  of,  31 
neuralgia  of,  31 
sarcoma  of,  31 
Goldmann's     operation     for    diverticula      of 

oesophagus,  443 
Gonorrheal  proctitis,  798 
Gould's  suture,  736 
Graefe's  coin-catcher,  426 
Granuloma  of  umbilicus,  89 
Griffith,  J.D.,  on  Surgical  Diseases  and  Wounds 

of  the  Abdominal  Wall,  75  to  95 
Gumma  of  umbilicus,  90 
of  rectum,  800 

HEMATOCELE,  after  herniotomy,  592 
Hsematoma  of  quadriceps  extensor  femoris,  73 
Halsted's  suture,  736,  754 
Hand,  anatomy  of,  53 

blank-cartridge  wounds  of,  42 

bone  necrosis  of,  63 

fascial  spaces  of,  56 

infections  of,  53,  60 

nails  in,  42 

sloughing  tendon  of,  63 

splinters  in,  42 

tendons  of,  54 
Harris,  Malcolm  La  Salle,  on  The  Diagnosis  of 

Timiors  of  the  Abdomen,  96  to  104 
Heart,  adherent,  liberation  of,  159 

foreign  bodies  in,  164 

massage  of,  173 


Heart,  paracentesis  of,  175 

penetrating  wounds  of,  163 
projection  of,  on  thorax,  149 
structures  covering,  146 
surgery  of,  146,  160 
wounds  of,  160 
Heat,  control  of  hemorrhage  by,  240 
Hebb's  hemorrhoidal  clamp,  874 
scissors,  874 
modification  of  Earle's  method  of  operating 
for  hemorrhoids,  872 
Heinecke-Mikulicz  method  of  pyloroplasty,  370 
Hemorrhage,  arterial,  233 

treatment  of,  239 
Hemorrhoids,  860 

accidents     and     complications     following 

operations  for,  873 
after-treatment,  873 
treatment  of  internal  and  mixed,  864 
varicose,  861 
Hernia,  555,  and  see  Abdominal  hernia 
at  foramen  of  Winslow,  609 
diaphragmatic,  612 
duodenal,  610 
femoral,  584 
inguinal,  557 
internal,  609 
intersigmoid,  611 
"  ischiatic,  605 
Ivunbar,  607 
obturator,  603 
perineal,  606 
sciatic,  605 
imibilical,  594 
ventral,  599 
Herniotomy,  106 
Hour-glass  stomach,  379 

operative  treatment,  380 
Houston,  valves  of,  761 
Howship-Romberg    sign    in  obturator  hernia, 

604 
Himter's  operation  for  aneurysm,  278 
Hydatid  cysts  of  abdominal  wall,  89 
Hydrocele,  after  herniotomy,  592 
Hyperacidity  in  gastric  ulcer,  340 

Ileus,  dynamic,  727 

gastro-mesenteric,  736 
mechanical,  727 
Iliac  vessels,  injuries  and  diseases  of,  24 
lUo-psoas  bursitis,  51 
Imperforate  anus,  775 

colostomy  for,  780 
Incised  wounds.    See  Wounds,  incised 

of  abdominal  wall,  94 
Indigestion,  acute,  diagnosed  from  acute  ap- 
pendicitis, 660 
Infarct,  187 
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Infections  in  wrist-joint,  G6 

of  fingers,  53 

of  hands,  53 
Inguinal  canal,  563 

fossae,  559 

hernia,  557 
Ingrowing  toe-nail,  43 
Injuries  of  arteries,  208 

of  intestines,  705 

of  oesophagus,  410,  421 

of  rectum,  947 

of  vems,  322 

to  brachial  plexus,  69 
Internal  hernia  of  abdomen,  609 

oblique  muscle  of  abdomen,  110 

pudic  arterj',  injury  of,  28 

traimiatic  aneurism  of,  28 

pudic  nerve,  neuralgia  of,  36 
Intersigmoid  hernia,  611 
Intestinal  exclusion,  758 

fistula,  711 

intussusception,  728,  730 

obstruction,  727 

obturation,  732 

stenosis,  chronic,  732 

strangulation,  727 

ulceration,  diagnosed   from  acute  appen- 
dicitis, 661 

ulcers,  713 

tuberculous,  723 
Intestine,  adenoma  of,  737 

angioma  of,  737 

anomalies  of,  congenital,  700 

anastomosis  of,  749,  757 

carcinoma  of,  740 

congenital  anomaUes  of,  700 

development  of,  704 

diverticula,  acquired,  703 

fibroma  of,  737 

foreign  bodies  in,  705,  708 

injuries  of,  705 

lipoma  of,  737 

myoma  of,  737 

obstruction  of,    727,    and    see    Intestinal 
obstruction 

operations  on,  754 

peritoneal  adhesions,  726 

perforation  of,  tj'phoid,  720 

sarcoma  of,  738 

timiors  of,  737 

tj-phoid  perforation  of,  720 

wounds  of,  698 
Intussusception,  intestinal,  728,  730 

of  vermiform  appendix,  624 
Intraperitoneal  abscess,  494,  and  see  Subphrenic 

abscess 
Irrigation  of  abdominal  cavity,  119 

peritoneal,  in  septic  peritonitis,  515 


Ischfpmic  myositis,  37 
Ischiatic  hernia,  605 
Ischio-rcctal  abscess,  811 

Jacobson,  Nathan,  on  Tuberculous  Peritonitis, 

527  to  554 
Jalaquier-Kammerer  incision,  124 
Jejunum,  peptic  ulcer  of,  718 
Joan  Baptista  dos  Santos,  17 
Jones  twins,  the,  16,  17 

Kammerer-Battle  incision,  in  operation  for 

appendicitis,  680 
Kraske's  parasacral  method  of  resecting  rectum, 

913 
Kuemmel's  method  of   gastro-duodenostomy, 

377 
Kj-photic  pelvis,  3 

Laparotomy,  106 

Lasegue's  phenomenon,  34 

Lead  colic,  diagnosed  from  acute  appendicitis, 

661 
Le  Conte,  Robert  G.,  and  Stewart,  Francis  T., 
on  Surgery  of  the  Pericardium,  Heart,  and 
Blood-vessels,  146  to  331 
Lembert  suture,  734,  754 
Ligation,  control  of  hemorrhage  by,  244 

of  gluteal  arterj%  27 

of  sciatic  artery,  28 

of  veins,  327 
Ligature  operation  for  hemorrhoids,  866 
Linea  alba,  110 

semilunaris.  111 
Linese  transversae.  111 
Lipoma  of  abdominal  wall,  87 

of  gluteal  region,  31 

of  intestine,  737 

of  rectmn,  891 
Litten's  diaphragmatic  phenomenon,  467 
Liver  abscess,  complicating  appendicitis,  639 
Lmnbar  hernia,  607 
Lungs,  borders  of,  148 
Lutter  forceps,  424 
Lymphadenoma  of  rectum,  892 
Lymphangioma  of  gluteal  region,  31 

Malformations,     congenital,     of     vermiform 
appendix,  624 

of  anus,  774 

of  oesophagus,  410 

of  rectum,  774 
Marwedel's  method  of  gastrostomy,  404 
Massage  of  heart,  173 
Mastin,    William    McDowell,     on    Abdominal 

Section,   105  to  145 
Matas'  operation  for  aneurj^sm.  281 
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Mattress  sutures,  736 

Maydl-Reclus  method  of  colostomy,  940 

Mayo's  imbrication  method  in  umbihcal  hernia, 

597 
Mayo  and   Moynihan's  method  of  gastro-en- 

terostomy,  345 
McBurney's  point,  650 

gridiron  incision,  123,  126 
operation,  in  appendicitis,  679 
McCosh,  Andrew  J.,  on  Inflammatory  and  Other 
Diseases  of    the  Vermiform    Appendix, 
618  to  697 
on   Surgical  Treatment  of  General  Septic 
Peritonitis,  505  to  526 
McGraw's  method  of  gastro-enterostomy,  352 
method   of    gastro-intestinal   and    entero- 
intestinal  anastomosis,  751 
Meckel's  diverticulum,  701,  708 
Mediastinimi,    anterior,   conditions    modifying 

relations  of,  150 
Mesenteric  vessels,  embolism  of,  726 

thrombosis  of,  726 
Mesentery,  cysts  of,  751 
injuries  of,  750 
surgical  diseases  of,  698,  750 
tumors  of,  751 
"woimds  of,  698,  750 
Meso-appendix,  622 

Mikiilicz's  method  of  treating  intestinal  car- 
cinoma, 744 
Mikulicz   and    Heinecke's   method  of  pyloro- 
plasty, 370 
Mixter's  tube,  756 
Monsters,  double,  16 

Moynihan-Mayo's    method    of    gastro-enteros- 
tomy, 345 
Murphy  button,  gastro-enterostomy  with,  359 
Murphy's    invagination    method    of    suturing 

arteries,  250,  251 
Myoma  of  intestine,  737 
of  cesophagus,  420 
of  rectum,  892 
Myositis,  ischaemic,  37 

ossificans  progressiva,  38 
traumatica,  38 
Myositis,  ossifying,  38 
Myxoma  of  rectum,  892 

Naiis  in  feet,  42 

in  hands,  42 
Necrosis,  bone,  of  hand,  63 
Neuralgia,  obturator,  36 

of  gluteal  region,  31 

of  pelvic  region,  31 

of  internal  pudic  nerve,  36 

of  sciatic  nerve.     See  Sciatica 

of  symphysis  pubis,  36 
New-growths.     See  Tumors 


Obstruction,  intestinal,  diagnosed  from  acute 
appendicitis,  660 

pyloric,  335,  and  see  Pyloric  stenosis 
Obturation,  intestinal,  732 
Obturator  artery,  injury  of,  28 

traumatic  aneurysm  of,  28 

hernia,  603 

neuralgia,  36 
Ochsner,  Albert  J.,   on  Surgical  Diseases  and 
Wounds  of  the  Stomach  and  Oesopha- 
gus, 332  to  449 

method  of  treating  septic  peritonitis,  522 

method  of  treating  stricture  of  oesophagus, 
431 
(Esophageal  forceps,  425 
(Esophagitis,  411 

ffisophago-jejimo-gastrostomie,  438 
CEsophagoscope,  use  of,  in  removal  of   foreign 

bodies,  423 
Qilsophagoscopy,  410 
(Esophagostomy,  419 
ffisophagotomy,  426 
OEsophagiis,  anatomy  of,  408 

carcinoma  of,  413 

cysts  of,  420 

deformities  of,  410 

dilatation  of,  for  carcinoma,  416 
.    for  strictures,  430 

diseases  of,  410 

diverticula  of,  439 

examination  of,  409 

foreign  bodies  in,  422 

idiopathic  dilatation  of,  444 

inflammation  of,  411  and  see  Oesophagitis 

injuries  of,  410,  421 

malformations  of,  410 

myoma  of,  420 

papilloma  of,  420 

phlegmon  of,  412 

polypi  of,  420 

resection  of,  417 

sarcoma  of,  420 

stricture  of,  428 

surgery  of,  408 

surgical  diseases  of,  332 

thrush  of,  411 

tiomors  of,  413 

ulcer  of,  413 

woimds  of,  332 
Ollier's  operation,  pericardotomy,  157 
Omental  grafting,  757 
Omentum,  accessory,  748 

anatomy  of,  745 

cysts  of,  748 

injuries  of,  745,  746 

surgical  diseases  of,  698,  745 

torsion  of,  748 

trauma  of,  746 
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Omentum,  tumors  of,  748 

wounds  of,  698 
Ossifying  myositis,  38 
Osteomalacic  pelvis,  3 
Osteoma  of  pelvic  bones,  13 
Osteomyelitis  of  pelvic  bones,  4 
Oviatt,  Charles  W.,  on  Surgical  Diseases  and 

Wounds    of   the  Intestines,  Omentum,  and 

Mesentery,  698  to  760 

Palmar  abscess,  deep,  60 

fascia,  55 
Pancreatitis,   diagnosed   from   acute   appendi- 
citis, 659  * 
Papilloma  of  oesophagus,  420 
of  rectum,  895 
of  umbilicus,  90 
of  vennifonn  appendix,  625 
Paracentesis  of  heart,  175 

pericardii,  154 
Pai'aduodenal  hernia,  610 
Paralysis,  brachial,  68 
Paronychia,  57 
Patent  urachus,  81 

Payr's  method  of  arteriorrhaphy,  251 
Peck,   Charles  H.,    on   Surgical  Diseasies   and 
Wounds  of  the  Pelvic  and  Gluteal  Regions,  3 
to  36 
Pelvic  bones,  carcinoma  of,  14 
chondroma  of,  13 
echinococcus  of,  13 
exostoses  of,  13 
fibroma  of,  13 
osteoma  of,  13 
osteomyelitis  of,  acute,  4 
periostitis  of,  4 
sarcoma  of,  13 
syphilis  of,  12 
tuberculosis  of,  7 
tumors  of,  13 
bursse,  diseases  of,  29 
colon,  763 

region,  surgical  diseases  of,  3 
wounds  of,  3 
Pelvi-rectal  abscess,  811 
Pelvis,  deformities  of,  bony,  3 
kyphotic,  3 
obliquely  narrowed,  4 
osteomalacic,  3 
split,  4 

spondylolisthetic,  3 
Peptic  ulcer  of  duodenum,  713 

of  jejunum,  718 
Perineal  abscess,  810,  812 
Periarthritis  of  shoulder-joint,  44 
Pericardial  effusion,  effect  of,  on  relations  of 

anterior    mediastinimi,  150 
Pericarditis.  152 


Pericardium,  anatomical  considerations,  146 

inflammation  of,  152,  and  see  Pericarditis 

line  of  reflection  of,  148 

operations  on,  153 

paracentesis  of,  154 

structures  covering,  146 

surgery  of,  146 
Pericardotomy,  156 

indications,  156 

OUier's  .operation,  157 

DeLorme  and  Mignon's  operation,  158 

Durand's  operation,  158 
Peridiverticulitis  of  sigmoid,  703 
Perineal  hernia,  606 
Perineal-urinarj-  fistula,  828 
Perineo-urethral  fistula,  828 
Periostitis  of  pelvic  bones,  4 
Periproctitis,  diffuse  septic,  810 

idiopathic  gangrenous,  812 
Perirectal  abscess,  810,  812 
Perisigmoiditis,  934 

secondaiy,  937 

suppurating,  935 
Peritoneal  adhesions,  726 

tuberculosis,  532 
Peritoneum,  111 

actinomycosis  of,  752 

carcinoma  of,  752 

relation  of,  to  diaphragm,  450 

tuberculosis  of,  533 
Peritonitis,  chronic,  752 
fomis  of,  752 

complicating  appendicitis,  638 

in  appendicitis,  643 

pelvic,  diagnosed  from  acute  appendicitis, 
658 

septic,  after-treatment,  525 

sclerosing,  753 

tuberculous,  527 
Periimabilical  abscess,  78 

Pesquin's  method  (bf  ligating  for  aneurysm,  280 
Pharyngeal  forceps,  424 
Phlebectasia,  308,  and  see  Varicose  veins 
Phlebitis,  297 

acute,  297 

after  operation  for  appendicitis,  692 

chronic,  308 

gouty,  300 

migrans,  300 

suppurative,  299 

tuberculous,  308 
Phleboliths,  180 
Phlegmon  of  abdominal  wall,  77 

of  Heurtaux,  77 

of  oesophagus,  412 
Phrenoptosis,  460 
Piles,  860,  and  see  Hemorrhoids 
Pilo-nidal  sinus,  20 
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Pleura,  reflection  of,  147 

Pleural  effusion,  effect  of,  on  relations  of  an- 
terior mediastinum,  150 
Pleurisy,  after  operation  for  appendicitis,  693 
diaphragmatic,  diagnosed  from  acute  ap- 
pendicitis, 659 
Plexiform  angioma.    See  Cirsoid  aneurysm 
Plummer's  olive-tipped  bougie  for  diagnosing 

idiopathic  dilatation  of  oesophagus,  447 
Pneumatic  cabinet  of  Sauerbruch,  418 
Polypus  of  oesophagus,  420 

of  rectmn,  896 
Poop,  73 

Porter,  Charles  A.,  and  Quinby,  WiUiam  C,  on 
Surgical  Diseases  of  the  Extremities,  37  to  74 
Postanal  dimples,  897 
Posterior  gastro-enterostomy,  363 
Post-rectal  dermoids,  18 
Postural  drainage,  118 
Poupart's  ligament,  108,  110 
Pregnancy,  appendicitis  in,  692 

extra-uterine,    diagnosed  from  acute  ap- 
pendicitis, 658 
Procidentia  of  rectmn,  875,  and  see  Rectum, 

prolapse  of 
Proctitis,  gonorrhoeal,  798 
proliferating,  800 
tuberculous,  acute,  793 
Proctoplasty,  854 
Proctoscope,  769 

Tuttle's  pneumatic,  769 
Proctotomy,  851 

Prolapse  of  rectum,  875,  and  see  Rectum,  pro- 
lapse of 
of  stomach,  389,  and  see  Gastroptosis 
Pruritus  ani,  856 
Pseudo-tails,  15 
Pulmonary  emboli,  190 

thrombosis,  after  operation  for  appendici- 
tis, 693 
Puncture,  exploratory,  in  diagnosis  of  abdomi- 
nal tumors,  103 
Punctured  wounds  of  abdominal  wall,  95 
Purmann's  method  of  extirpating  aneurysm,  285 
Purse-string  suture,  748,  756 
Pylephlebitis  complicating  appendicitis,  638 
Pylorectomy,  374 

Pyloric  obstruction,  335,  and  see  Pyloric  sten- 
osis due  to   inflammatory  adhesions, 
383 
stenosis,  335 

pyloroplasty  for,  370,  and  see  Pyloro- 
plasty 
Pyloroplasty,  370 

Finney's  method,  372 
Heinecke-Mikulicz  method  of,  370 
Pylorus,  and  see  Gastric,  and  Stomach 

excision  of,  with   gastro-enterostomy,  367 


Pylorus,  ulcer  of,  indurated,  excision  of,  367 
Pyramidalis  muscle,  110 

QuADRATUS  lumborum  muscle,  110 
Quadriceps  extensor  femoris,  haematoma  of,  73 
Quenu  operation,  modified,  908 
Quinby,  William  C,  and  Porter,  Charles  A. , 

on  Surgical  Diseases  of   the  Extremities,  37 

to  74 

Racemose  aneurysm.      See  Cirsoid  aneurysm 
Radioscopy,  in  diagnosis  of  oesophageal  lesions, 

410 
Rectal  examinations,  765 

anaesthetics  in,  771,  772 
digital,  767 

instrumental,  768,  770 
local  anaesthesia  in,  772 
position  suitable  for,  766 
preparation  of  patient  for,  766 
proctoscope  in,  769 
specula  for,  768 
Recto-genital  fistula,  835 
Recto-ureteral  fistiila,  828,  835 
Recto-urethral  fistula,  828,  829 
Recto-uterine  fistula,  835 
Recto- vaginal  fistula,  835 
Recto- vesical  fistula,  828,  833 
Recto-vulvar  fistula,  835 
Rectopexy,  885 

Rectimi,  abnormal  opening   of,   treatment  of, 
781 
actinomycosis,  800 
adeno-carcinoma  of,  899 
adenoma  of,  893 
anatomy  of,  761 
angioma  of,  897 
atresia  of,  775 
cancer  of,  medullary,  899 

scirrhous,  988 
chancre  of,  799 

communicating  with  uterus,  784 
cystoma  of,  896 
dermoids,  extra-rectal,  896 
dilatation  of,  849 
dimples,  postanal,  897 
drainage  of  pelvis  through,  118 
enchondroma  of,  891 
epithelioma  of,  899 

examination  of,  765,  and  see  Rectal  ex- 
aminations 
excision  of,  853 
extirpation  of,  908 
fibroma  of,  891 
fistiilae  connecting  mth,  815 
foreign  bodies  in,  946 
gumma  of,  800 
hemorrhoids,  860,  and  see  Hemorrhoids 
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Rectum,  hypertrophied  anal  papillte,  897 
injuries  of,  947 
lipoma  of,  891 
lymphadenoma  of,  892 
lymphatics  of,  763 
malformations  of,  774 
malignant  adenoma  of,  899 
myoma  of,  892 
myxoma  of,  892 
papilloma  of,  895 
physiologj^  of,  761,  764 
polypus  of,  896 

procidentia  of,  875,  and  see  Rectum,  pro- 
lapse of 
prolapse  of,  875 
rupture  of,  947 
sarcoma  of,  903 
stricture  of,  838 
surgical  diseases  of,  761 
suspension  of,  from  sacrimi,  885,  and  see 

Rectopexy 
syphilis,  congenital,  of,  800 
tumors  of,  benign,  891 

malignant,  898 
ulcers  of,  790 
vascular  supply  of,  763 
verruca  of,  897 
wounds  of,  761,  947 
Rectus  abdominis  muscle,  110 

abscess  of,  78 
Renal  calculus,  diagnosed  from  acute  appendi- 
citis, 658 
Retrocsecal  hernia,  611 

Retroperitoneal  abscess,   493,    and    see    Sub- 
phrenic abscess 
Retrorectal  abscess,  811 

Reeve,  J.  Charles,  Jr..  on  Surgical  Diseases  erf 
the   Diaphragm,    and     Subphrenic   Abscess, 
450  to  504 
Resection  of  oesophagus,  417 
Rodman's  method  of  gastro-enterostomy,  367 
Roux's  method  of  gastro-enterostomy,  357 

nail  operation  for  femoral  hernia,  590 
Rudimentary  tail-formation,  14 
Rimipel's     test    for    idiopathic    dilatation    of 

oesophagus,  448 
Rupture  of  rectiun,  947 

Sacro-coccygeal  cysts,  17,  20 

deformities,  congenital,  14 

dimples,  20 

foveae,  20 

region,  congenital  defonnities  of,  14 

sinuses,  20 

tumors,  17 
Sacro-iliac  sjmchondrosis,  tuberculosis  of,  8 
Salpingitis,  diagnosed  from  acute  appendicitis, 
685 


Sarcoma  of  gluteal  region,  31 

of  intestine,  738 

of  CEsophagus,  420 

of  pelvic  bones,  13 

of  rectum,  903 

of  skin  of  abdominal  wall,  87 

of  vermiform  appendix,  625 
Sauerbruch's  pneumatic  cabinet,  418 
Scalds  of  abdominal  wall,  93 
Schistosoma   htematobium,  causing  ulceration 

of  rectum,  794 
Schwartz's  method  of  treating  varicose  veins, 

318 
Sciatic  artery,  injury  of,  27 
ligation  of,  28 
traumatic  aneurysm  of,  27 

hernia,  605 

stretching  of,  35 
Sciatica,  33 

Sclerosis,  plastic  peritoneal,  753 
Sebaceous  glands  in  abdominal  wall,  adenoma 

of,  86 
Sectio  alta,  105 
Section,  abdominal,  105 

Caesarean,  105 

exploratory,   113 
Semilimar  fold  of  Douglas,  111 
Septic  peritonitis.  See  Peritonitis,  septic 
Serositis,  multiple,  753 
Shoulder-joint,  periarthritis  of,  44 

anatomy,  45 
Sigmoid  flexure,  763 

diverticulitis  of,  703 

foreign  bodies  in,  947 

peridiverticuUtis  of,  703 
Sigmoiditis,  930 
Sigmoidopexy,  887 
Sinus,  pQo-nidal,  20 
Sinuses,  sacro-coccygeal,  20 

tuberculous.  Beck's  method  of  treating,  553 
Sippy's  oesophageal  dilator,  448 
Skin,  sarcoma  of,  of  abdominal  wall,  87 
Skin-grafting,  for  X-ray  vilcers,  40 
Sloughing  tendon  of  hand,  63 
Space  of  Retzius,  abscess  of,  78 
Speculum,  Earle's  rectal,  768 
Splinters  in  feet,  42 

in  hands,  42 
Spondylolisthetic  pelvis,  3 
Ssbanajew-Frank's  method  of  gastrostomy,  405 
Stab-wound  drain,  117 
Stenosis,  intestinal,  chronic,  732 

pyloric,  335 
Stewart,  Francis  T.,  and  Le  Conte,  Robert  G., 
on  Surgery  of  the  Pericardium,   Heart,  and 
Blood-vessels,  146  to  331 
Stomach,  as  a  machine  for  digesting  food,  333 

carcinoma  of,  393 
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Stomach  contents,  chemical  examination  of,  395 
microscopic  examination  of.  395 

deformity  of,  due  to  dilatation,  335 

dilatation  of,  deformity  due  to,  335 

hour-glass,  379 

perforation  of,  341 

prolapse  of,  389,  and  see  Gastroptosis 

surgical  diseases  of,  332 

ulcer  of,  337 

wounds  of,  332 
Strangulation,  727 
Stretching  of  sciatic  nerve,  35 
Stricture  of  oesophagus,. 428 

of  rectum,  838,  and  see  Rectum,  stricture  of 
Stumps,  amputation,  carcinoma  of  ends  of,  67 
StjTDtics,  control  of  hemorrhage  by,  240 
Sub  iliac  bursitis,  51 
Subphrenic  abscess,  450,  478 

after  operation  for  appendicitis,  694 
Canthe's  method  of  treating,  491 
complications,  483 
Suture,  Connell,  736,  738,  754 

Gushing 's  right-angle,  754 

Gzemy,  734 

Gzerny-Lembert,  734,  754 

Dupuytren,  738 

Gould's,  736 

Halsted's,  736,  754 

intercuticular,  129 

intracuticular,  129 

Lembert,  734,  754 

mattress,  736 

of  arteries,  control  of  hemorrhage  by,  249 

purse-string,  748,  756 
Symphysis  pubis,  neuralgia  of,  36 

tuberciilosis  of,  11 
Syphilis,  congenital,  of  anus,  800 
of  rectum,  800 
of  pelvic  bones,  12 
Syphilitic  ulceration  of  rectum,  799 
Syphiloma,  ano-rectal,  of  Foumier,  800 
Szymanowski's    method    of    closing    artificial 
anus,  943 

T^tiL-FORMATioN,  rudimentarj^,    14 

Tails,  in  human  beings,  14 

Taxis,  in  strangulated  inguinal  hernia,  569 

Tendon,  sloughing,  of  hand,  63 

Teratomata,  bigerminal,  16 

Thrombectomy,  220 

Thrombosis,  175 

after  operation  for  appendicitis,  692, 693 

arterial,  181 

diagnosed  from  embolism,  189 

insensibiUs,  191 

of  mesenteric  vessels,  726 

venous,  181 
Thrombus,  arterial.  181 


Thrombus,  autochthonous,  179 

baU,  179 

capillary,  182 

cardiac,  181 

changes  undergone  by,  180 

combined,  179 

fibrinous,  179 

hyaline,  179 

leucocytic,  179 

localization  of,  181 

mixed,  179 

mural,  179 

obstructing,  179 

of  arterioles,  181 

parietal,  179 

primary,  179 

propagated,  179 

red,  179 

secondary,  179 

vahoilar,  179 

venous,  181 

white,  179 
Thrush  of  oesophagus,  411 
Toe-nail,  ingrowing,  43 
Torsion,  control  of  hemorrhage  by,  244 

of  omentum,  748 
Transversalis  muscle  of  abdomen,  110 
Trauma.  •  See  Injurj^ 
Trendelenburg  position,  in  abdominal  surgery, 

120,  121 
Trusses,  599,  602 
Tuberciilosis  of  peh-ic  bones,  7 

of  peritoneimi,  533 

of  sacro-Uiac  sjmchondrosis,  8 

of  symphysis  pubis,  11 

of  vermiform  appendix,  636 

peritoneal,  532 
Tuberculous  peritonitis,  527 

sinuses.  Beck's  method  of  treating,  553 

ulcer  of  intestines,  723 
of  rectum,  792 
Tumors,  desmoid,  of  abdominal  wall,  83 

of  abdomen,  diagnosis  of,  96 

of  diaphragm,  457 

of  gluteal  region,  31 

of  intestine,  737 

of  mesentery,  751 

of  oesophagus,  413 

of  omentum,  748 

of  pehic  bones,  13 

of  rectiun,  891 

of  mnbilicus,  89 

of  vermiform  appendix,  624 

pendulous,  of  coccygeal  region,  15 

sacro-coccygeal,  congenital,  17 
Tuttle,  James  P.,   and  Earle,  Samuel  T.,  on 
Surgical  Diseases  and  Wounds  of  the  Anus 
and  Rectum,  761  to  948 
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Tuttle's  hemorrhoidal  clamp,  807 
forceps,  867 
method  of  appendicostomy,  797 
method  of  closing  artificial  anus,  942 
modification  of  \Miitehead's  operation  for 

hemorrhoids,  870 
operation  for  recto-urethral  fistula,  S^i\ 
pneumatic  proctoscope,  769 
Twins,  joined,  16 

the  Jones,  16,  17 
Typhoid  appendicitis,  636 

fever,  diagnosed  from  acute  appendicitis, 

659 
perforation  of  intestines,  72(J 

I'lceratiox,     gastric,    diagnosed   from    acute 
appendicitis,  661 

intestinal,  diagnosed  from    acute    appen- 
dicitis. 661 

of  abdominal  "wall,  SO 
Ulcer,  gastric,   and  its  sequelae,  337,  and   see 
Stomach,  ulcer  of 

intestinal.  713 

irritable,  of  anus,  801 

peptic,  of  duodenum,  713 
Umbilical  fungus,  89 

hernia.  594 
Umbilicus,  angioma  of,  90 

carcinoma,  scirrhous,  of.  90 

epithelioma  of.  90 

fibroma,  papillan.',  of,  89 

fibro-sarcoma  of,  90 

gumma  of,  90 

granuloma  of,  89 

papilloma  of,  90 

tumors  of,  89 
Urachus.  cysts  of,  80 

endothelioma  of,  81 

patent.  81 
Uterus,    rectum    communicating   Avith.    treat- 
ment of,  784 

Vagixa,  drainage  of  pelvis  through.  118 

rectiun  opening  into,  treatment  of.  783 

Valves  of  Houston,  761 

Varicocele,  after  herniotomy,  592 

Varix,  308.  and  see  Varicose  veins 
aneurj'smal,  289 
arterial,  258 


Varicose  veins,  308 
Veins,  anastomosing,  310 

contusion  of,  322 

inflammation  of.     See  Phlebitis 

injuries  of,  322 

internal  saphenous,  total  resection  of,  319 

Hgation  of,  327 
effects  of,  329 

perforating,  310 

varicose,  308,  and  see  Varicose  veins 

wounds  of,  323 
Venereal  ulceration  of  anus,  798 

of  rectum,  798 
Ventral  hernia,  599 
\'entrotomy,  106 

\'ermiform  appendix.  See  Appendix,  vermiform 
"\'erruca  of  rectum,  897 
Volkmann's  contracture,  37 
^'olvulus,  728 

W.ARDROp's  method  of  ligating  for  aneurysm, 

280 
Weir's  modification  of  operation  for  rectal  ex- 
tirpation, 925 

operation  of  appendicostomy,  797 
Weiss'  fish-bone  catcher.  427 
TMiitehead's  operation  for  hemorrhoids,  868 
"\Miitlow,  57 

Willard's  method  of  gastro-duodenostomy,  376 
Witzel's  method  of  gastrostomy,  402 
Wounds,  blank-cartridge,  of  feet,  42 
of  hands,  42 

incised,  of  gluteal  region,  24 
of  penic  region.  24 

of  abdominal  walls,  91 

of  arteries,  222 

of  diaphragm,  460 

of  gluteal  region,  3 

of  heart.  160 

of  oesophagus,  332 

of  peh-ic  region,  3 

of  pericardium,  151 

of  rectum,  947 

of  stomach,  332 

of  veins,  323 
Wrist-joint,  infections  in,  66 

A'-RAY  burns,  39 
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